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Plenary Lecture 1
MINIATURIZED MID-INFRARED SENSORS - HOW SMALL IS STILL USEFUL?
B. Mizaikoff
University of Ulm, Institute of Analytical and Bioanalytical Chemistry, Uim, Germany

E-mail: boris.mizaikoff@uni-ulm.de

State-of-the-art biodiagnostic platforms increasingly take advantage of miniaturized and
integrated sensing and assay technologies ideally providing direct access to molecule-specific
information. With point-of-care and personalized medicine becoming more prevalent, detection
schemes that do not require reagents or labeled constituents facilitate on-site analysis
providing close to real-time information, or may be used in a continuous monitoring mode e.g.,
in intensive care scenarios.

However, decreasing the analytically probed volume may adversely affect the analytical
figures of merit such as the signal-to-noise-ratio, the representativeness of the sample, or the
fidelity of the obtained analytical signal. Yet, probing minute samples volumes facilitates rapid
analysis, minimally intrusive or even non-invasive sampling, and a rapid diagnostic response.
Consequently, the guiding paradigm for the miniaturization of diagnostic devices should be
creating analytical platforms that should be as small as still useful, rather than as small as
possible by smartly balancing the benefits and disadvantages of small device dimensions.
Optical/spectroscopic sensor technology taking advantage of the mid-infrared (MIR) spectral
range (3-20 pm) is increasingly adopted in bioanalytics due to the inherent molecular
specificity enabling discriminating constituents at ppm-ppb concentration levels in condensed
and vapor phase media. Recently emerging strategies take advantage of innovative
waveguide technologies such as MIR transparent hollow waveguides and planar
semiconductor waveguide structures in combination with compact FT-IR spectrometers or
highly efficient broadly tunable quantum cascade lasers, thereby facilitating highly miniaturized
yet robust MIR diagnostic platforms providing sensitive and selective access to (bio)molecular
signatures [1-7].

Selected application examples and novel optical sensing strategies will highlight the most
recent advances in miniaturized IR sensor technology toward establishing next-generation
optical sensing platforms in biodiagnostics.
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Plenary Lecture 2
DIVING DEEP INTO THE CHEMISTRY OF THE HUMAN BRAIN
J. Bergquist
Analytical Chemistry and Neurochemistry, Uppsala University, Sweden

E-mail: jonas.bergquist@kemi.uu.se

During the last decade we have been able to probe deeper and deeper into the
chemistry of the human brain. One of the windows into the living brain is the
analysis of the fluid surrounding the central nervous system — cerebrospinal fluid
obtainable by lumbar puncture. We have in collaboration with other groups
managed to map the soluble protein content in this fluid both in health and disease
and currently hold the world record in this field. We see an enormous complexity in
the analytical information obtained but also appreciate the important biological and
clinical leads that are generated from such initiative. The analytical tools developed
and tailored for the investigations are also in themselves generating technology
leaps useful for any other area dealing with complex samples.

We are currently exploring novel technology for the isolation and enrichment of the
non-soluble portion of the proteome — the membrane bound proteins from various
tissues. Among the methods developed in-house a temperature induced phase
fractionation also known as cloud-point extraction (CPE) with the non-ionic
surfactant Triton X-114 has been used to simultaneously extract hydrophobic and
hydrophilic proteins from brain tissue. Various protein precipitation/delipidation
procedures have been investigated to efficiently remove lipids and detergents, while
retaining maximum protein recoveries. Different “bottom up” proteomic approaches
for protein analysis of the brain have been compared, i.e. 1D-gel electrophoresis
followed by in-gel digestion and reversed phase nanoliquid chromatography (RP-
nanoLC) followed by electrospray ionization (ESI) high-resolution tandem mass
spectrometry (MS/MS) analysis or alternatively direct digestion of the proteins
followed by RP-nanoLC separation in combination with matrix assisted laser
desorption/ionization time-of-flight tandem mass spectrometry (MALDI-TOF/TOF
MS), or as an alternative the combination of in-solution high-resolution isoelectric
focusing (hr-IEF) with ESI-nanoLC-MS/MS of the IEF separated peptides. The
results indicate that cloud point extraction is a very promising sample preparation
tool, which allows simultaneous in depth studies of brain derived membrane
proteins as well as other hydrophilic proteins. This panel of techniques can be very
useful when studying human central nervous system (CNS) tissue or animal models
of neurological diseases.



Plenary Lecture 3
METABOLOMIC FINGERPRINTING / PROFILING EMPLOYING HIGH
RESOLUTION MASS SPECTROMETRY: A CHALLENGING STRATEGY IN
FOOD ANALYSIS
J. Hajslova, T. Cajka, L. Vaclavik, K. Riddellova

Institute of Chemical Technology, Prague (ICT), Department of Food Chemistry and
Analysis, Czech Republic

E-mail: jana.hajslova@vscht.cz

At the time of its emergence, metabolomics was mainly viewed as an advanced,
specialized tool of analytical biochemistry enabling innovative research on plants
and other organisms. Recently, this “omics” strategy centred around detection of
the broadest possible range of small molecules (<1500 Da) in complex biological
matrices, using a single or small number of analyses, has also emerged as a field of
interest in food analysis. Within the research conducted at the ICT, metabolomics is
used either for “fingerprinting” of food samples to perform comparative analyses
aimed at detection of differences or for “profiling” in which individual, differential
sample components (including secondary components originating during food
processing) are identified for further analyses. In addition to food quality
assessment / safety control, authentication is another challenging application area.
Mass spectrometry (MS) represents one of the key techniques employed for
obtaining comprehensive information on metabolites contained in respective matrix;
moreover, identification of marker compounds is possible when needed. In any
case, sophisticated chemometric tools are applied for handling of generated data
and development of relevant models for sample classification. In most studies,
either liquid (LC) or gas chromatography (GC) is coupled with MS. Recently,
ambient mass spectrometry employing novel ion source - Direct Analysis in Real
Time (DART) hyphenated with high resolution mass analyzers such as high
resolution time of flight (HRTOF) or Orbitrap has become a challenging option for
high throughput food analyses. In this presentation, various examples metabolomic-
based food analyses will be demonstrated.

Acknowledgement: funding of research by (i) Czech Ministry of Agriculture (NAZV
Q1101B8287and Q191B306)) and Ministry of Education is appreciated



Plenary Lecture 4

PEPTIDE AND OLIGONUCLEOTIDES APTAMERS AS NEW LIGANDS FOR
ANALYTICAL CHEMISTRY

M. Mascini
Dipartimento di Chimica, Universita di Firenze, Sesto Fiorentino, Italy

E-mail: marco.mascini@unifi.it

So far, several bio-analytical methods have used nucleic acid probes to detect
specific sequences in RNA or DNA targets through hybridisation. More recently,
specific nucleic acids, aptamers, selected from random sequence pools, have
been shown to bind non-nucleic acid targets, such as small molecules or
proteins. The development of in vitro selection and amplification techniques has
allowed the identification of specific aptamers, which bind to the target
molecules with high affinity. Many small organic molecules with molecular
weights from 100 to 10000 Da have been shown to be good targets for
selection. Moreover, aptamers can be selected against difficult target haptens,
such as toxins or prions. The selected aptamers can bind to their targets with
high affinity and even discriminate between closely related targets.

Aptamers can thus be considered as a valid alternative to antibodies or other
bio-mimetic receptors, for the development of biosensors and other analytical
methods. The production of aptamers is commonly performed by the SELEX
(Systematic Evolution of Ligands by Exponential Enrichment) process, which,
starting from large libraries of oligonucleotides, allows the isolation of large
amounts of functional nucleic acids by an iterative process of in vitro selection
and subsequent amplification through polymerase chain reaction.

Aptamers are suitable for applications based on molecular recognition as
analytical, diagnostic and therapeutic tools. In this review, the main analytical
methods which have been developed using aptamers, will be discussed
together with an overview on the aptamer selection process.

Recently Aptamers from peptides libraries have been realized with similar
techniques in order to obtain structures with much varied receptors points and
higher analytical capabilities.

Some experimental results will be reported and discussed.



S1: Bioanalysis |
Keynote Lecture 1

SELECTED APPLICATIONS OF VIBRATIONAL SPECROSCOPY IN
BIOCHEMICAL ANALYSIS

B. Lendl
Vienna University of Technology

E-mail: bernhard.lendl@tuwien.ac.at

In this presenation, selected new developments for biochemical analysis based on
vibrational spectroscopic detection methods will be discussed. Infrared and Raman
spectroscopies provide direct molecular specific information. In combination with
other enabling technologies such as microfluidic systems, standing ultrasound
waves and separation systems, vibrational spectroscopy can facilitate novel
approaches with which to study biochemical interaction processes, perform in-line
bioprocess monitoring and for the sensitive identification of separated biomolecules.
In the first example, a microfluidic mixing device has been used, in conjunction with
infrared micro-spectroscopy, to study the duplex formation between two single
stranded RNA molecules, Poly | and Poly C in the aqueous phase in the sub and
low ms time range. Spectral changes accociated with ring stretching vibrations, as
well as the sugar-phosphate backbone were observed and show completion of
duplex formation, as indicated by the A-helical marker band, is complete by 0.36
ms.

The second example shows how standing ultrasound waves can be used, in
combination with a fibre optic ATR probe, to selectively measure spectra of micro-
organisms (yeast cells) in fermentation broth. This can be achieved by controlled
manipulation of the micro-organisms in front of the planar ATR element of the fibre
optic probe, allowing separate measurement of cells and surrounding solution.
Finally, using a novel SERS (surface enhanced Raman scattering) substrate, based
on silver colloids and ZnS capped CdSe quantum dots, nucleic acid bases were
selectively detected at low concentrations after having been separated with a
capillary liquid chromatography system. A flowthrough microdispenser was
employed as an interface between the cap-LC system and the SERS substrate,
thus allowing optimum conditions for both separation and detection.
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ANALYTICAL NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY IN VIVO:
QUANTIFICATION OF ALCOHOL-INDUCED CHANGES OF BRAIN
METABOLITE LEVELS IN MICE
M. R. Lee', D. J. Hinton', P. K. Mishra?, J. D. Port’, D.-S. Choi', and S. Macura®
1Department of Molecular Pharmacology and Experimental Therapeutics,
’Department of Biochemistry and Molecular Biology, *Department of Radiology,
College of Medicine, Mayo Clinic, Rochester, Minnesota USA

E-mail: macura@mayo.edu

The non-destructive nature of nuclear magnetic resonance (NMR) makes it one of
the most versatile methods in biomedical research and clinical medicine. Whereas
NMR imaging (MRI) is an indispensable tool in medical diagnostics, the analytical
ability of in vivo high-resolution NMR spectroscopy (MRS) - quantitative analysis of
metabolite levels and turnover rates - is less known. Here we present one use of
volume selective, high-resolution, proton NMR spectroscopy for quantitative
analysis of brain metabolites in live mice. We quantified various brain metabolites in
the nucleus accumbens, which regulates addictive behaviors, during withdrawal
from chronic ethanol vapor inhalation as well as following acamprosate (Campral), a
clinically used medication to assist alcoholic patients maintain abstinence. Ethanol
withdrawal significantly increased Glx (glutamate+glutamine), glutamate, glutamine,
N-acetylaspartic acid and lactate in the nucleus accumbens compared to basal
levels in wild-type mice. Interestingly, acamprosate treatment (i.p.; 400 mg/kg/day)
for 5 consecutive days during ethanol withdrawal normalized the altered metabolite
levels in the nucleus accumbens. This study could be useful to better understand
the molecular basis of alcohol use disorders and to determine the pharmacological
effect of acamprosate or other clinically available medications.
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CHARACTERIZATION OF IN VITRO METABOLIC PROFILES OF CINITAPRIDE
OBTAINED WITH LIVER MICROSOMES OF HUMANS AND VARIOUS MAMMAL
SPECIES USING UPLC AND CHEMOMETRIC METHODS FOR DATA ANALYSIS
H. Marquez', J. Alberti’, M. Salva', J. Saurina®, S. Sentellas’

(1) Dept of Pharmacokinetics & Drug Metabolism, Almirall, S.A., Barcelona, Spain
(2) Dept of Analytical Chemistry. University of Barcelona, Barcelona, Spain

E-mail: xavi.saurina@ub.edu and sonia.sentellas@almirall.com

Metabolism studies are important in preclinical development of new drug candidates
to check the occurrence of possible toxicological effects and the potential
pharmacological activity of metabolites. The rich data resulting from
chromatographic and spectroscopic measurements are often treated using
mathematical tools as a way to obtain more feasible information from complex
metabolic systems.

In this communication, an interspecies study is presented comparing the metabolic
profiles of cinitapride (4-amino- N- [1-(3-cyclohexen-1-yl-methyl) -4-piperidinyl] -2-
ethoxy -5-nitrobenzamide). Cinitapride is a gastrointestinal  stimulant
with prokinetic activity, developed and marketed in Spain and Mexico by Almirall,
S.A. The drug is used to treat dyspepsia and gastroesophageal reflux disease.
The biotransformation of this molecule is complex. It is mainly metabolized to one
dihydroxylated and two hydroxylated molecules, although a large number of minor
metabolites are also formed.

In this study, an ultra-high pressure liquid chromatographic method has been
utilized to obtain the metabolic profile of cinitapride in humans and various mammal
species such as rats, mice, mini pigs, dogs and monkeys. Metabolites have been
generated incubating cinitapride with hepatic microsomes and using NADPH as
a cofactor. Cinitapride and its metabolites have been separated by reversed-phase
mode using ammonium formate aqueous solution (pH 6.5)
and acetonitrile as components of the mobile phase. Concentrations of metabolites
in the incubation samples have been utilized as multivariate data to extract
metabolic information. Statistic parameters and principal component analysis have
been used to compare the in vitro metabolism of humans with the other species.
Conclusions on correlations between metabolites and species have been also
obtained.
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NON-LINEAR ANALYSIS IN METABOLOMICS DATA OF MUTIPLE SCLEROSIS
DISEASE

A. Smolinska" ? L. Blanchet', S. Wijmenga?, L. Buydens'

"2Radboud University Ng'megen, Institute for Molecules and Materials (IMM)
1Analytical Chemistry and “Biophysical Chemistry, AJ Nijmegen, The Netherlands

E-mail: A.Smolinska@science.ru.nl

The composition of biofluids carries invaluable information about the biochemical
status of a living organism. Cerebrospinal Fluid (CSF) is the biofluid, which is in
closest interaction with the Central Nervous System (CNS). It is therefore the
biofluid that best mirrors the biochemical status and processes in brain and CNS.
The chemical composition of CSF may thus provide insights about metabolic
pathways in the CNS. The comprehensive analysis of CSF may define the
fingerprint of neurological diseases such as the Multiple Sclerosis (MScl).

Our objective is to detect molecular biomarkers for MScl in CSF. For this an
innovative approach, i.e. "H Nuclear Magnetic Resonance (1H -NMR) spectroscopy
in combination with chemometric analysis was used.

The research results presented here are obtained from a clinical study on MScl. We
examined the human CSF metabolomics profile of MScl group. It was then
compared to group representing the pre-stage of MScl, i.e. clinically isolated
syndrome of demyelination (CIS). This human dataset is very complex, because the
biological variations and environmental variations are comparable in size (or even
larger) than the variance of interest. The challenge is then to still extract the
relevant information, which requires special, more sophisticated approaches than
linear methods. For this purpose we have applied a kernel-PLS-DA. In addition we
implemented variable selection procedure which is based on SVM Recursive
Feature Elimination for nonlinear kernel function [1]. A novel method presented by
Krooshof et al. [2] has been applied for variables visualization and interpretation in
K-PLS-DA space. Using this complete procedure we obtained discrimination
between MScl group and CIS group with high prediction accuracy and identified
metabolites responsible for class separation.

[1] 1. Guyon et al, Machine Learning 2002, 46, 389-422
[2] Patrick W. T. Krooshof et al, Analytical Chemistry 2010, 82, 7000-7007
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SENSORS FOR BIOACTIVE COMPOUNDS
A.l. Stoica', C. Vifias®, F. Teixidor” and A.A. Ciucu'
'Department of Analytical Chemistry, Faculty of Chemistry, University of Bucharest,
Bucharest-3, Romania
%Institut de Ciencia de Materials de Barcelona
CSIC Campus de la U.A.B., Bellaterra, Spain

E-mail: anca_stoica2003@yahoo.com

Sensors have found many applications in pharmaceutical, clinical and
environmental laboratories and are being explored for numerous other applications
due to low cost and short time of analysis.

In this study, the construction and general performance characteristics of
potentiometric plastic-membrane sensors for amino acids, antibiotics and
neurotransmitters are described. Borane anions are useful materials able to form
ion-pair complexes with nitrogen containing compounds. The chemical
compositions of the compounds obtained were elucidated by: NMR-1H, “B, 13C,
MALDI-TOF-MS, FTIR.

Also, a comparative study between ion selective electrodes and carbon paste
electrodes obtained for bioactive compounds was performed.

The properties of the prepared electrodes were studied, slope, concentration range,
detection limit, lifetime, and selectivity.

References

1. J. Wang, Analytical Electrochemistry, Wiley-VCH, New York, 2006, 3% edn.
2. A.l. Stoica, C. Vinas, F. Teixidor, Chem. Commun., 2008, 48, 6492-6494.
3. A.l. Stoica, C. Vinas, F. Teixidor, Chem. Commun., 2009, 33, 4988-4990.
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A NOVEL BIOSENSOR FOR THE DETECTION OF CHLAMYDOPHILA
ABORTUS IN VETERINARY DIAGNOSTICS

V. Frimmer', M. Ewald’, A. Le Blanc', G. Gauglitz’
"Eberhard Karls University, Tuebingen, Germany

E-mail: valentin.frimmer@student.uni-tuebingen.de

One of the biggest challenges in the field of veterinary diagnostics is the on-site
analysis of disease relevant parameters.

Only with on-site analysis, the early detection of pathogenic agents can be
guaranteed. This is a crucial criterion in preservation of healthy animal stocks.
Chlamydophila abortus, an obligate intracellular pathogen, is one of the main
causes of Ovine Enzootic Abortion (OEA) and leads to massive financial losses in
sheep farming countries.

C. abortus is transmitted by sexual contact and feces and spreads within a herd
undetected until the first abortions. To avoid herd-wide expansion after onset, a fast
and cost-effective monitoring of chlamydial infection status is essential. [

We face this challenge using a label-free biosensor based on Reflectometric
Interference Spectroscopy (RIfS). RIfS is a direct optical, time resolved method,
which measures interference of polychromatic light caused by reflection at thin
layers. The binding of an analyte (e.g. antibody) to a sensor surface immobilized
ligand (e.g. pathogen) changes the interference spectra and thus can be quantified.
For on-site applications, RIfS can be easily miniaturized and automated. 2l

To validate this approved tool in veterinary diagnostics, we developed a RIfS based
bioassay sensitive on C. abortus antibodies.

The new assay uses surface-immobilized chlamydial LPS as ligand and was fully
characterized and calibrated in buffer. Thereby, we achieved high sensitivity to
chlamydial antibodies with LOD of 0,71 mg/L and LOQ of 2,44 mg/L. Recovery
rates were between 97 % and 120 %. The sensor was used more than 50 times
and stored for at least a week at room temperature without loss of sensitivity. This
confirms the assay as an ambitious solution for on-site Chlamydia monitoring.

To accomplish this goal, measurements in full blood samples and on-site will be
performed.

References:

[1] D. Corsaro, D. Venditti, Emerging Chlamydial Infections, Critical Reviews in
Microbiology, 30:75-106, 2004

[2] G. Proll, G. Markovic, L. Steinle, G. Gauglitz, Reflectometric Interference
Spectroscopy, Humana Press, 2009.
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Keynote Lecture 2
THE USE OF FUSED SILICA CAPILLARIES AS VERSATILE TOOLS FOR
ELECTROANALYSIS AND SEPARATION TECHNIQUES HYPHENATED TO
MASS SPECTROMETRY
F.-M. Matysik, S. Blasco, M. Grundmann, P. Palatzky, R. Scholz

Universitdt Regensburg, Institut fiir Analytische Chemie, Chemo- und Biosensorik,
Regensburg, Germany

E-mail: frank-michael.matysik@chemie.uni-r.de

Fused silica capillaries are well established in gas chromatography and capillary
electrophoresis (CE) and can readily be connected to various injection and detection
systems without introducing significant band broadening. Capillaries with inner diameters
(ID) down to 2 ym are commercially available and enable investigations of very small
sample volumes. However, the use of very small ID capillaries is challenging regarding
the implementation of suitable detectors with appropriate detection performance. In this
contribution several approaches for the use of small ID capillaries in conjunction with
electrochemical detection (ED) and mass spectrometry (MS) are presented. In addition,
more complex hyphenated systems integrating electrochemistry — capillary
electrophoresis — mass spectrometry are discussed. Ewing and co-workers have first
managed to perform CE-ED measurements using narrow bore capillaries of less than 10
um [1]. The detection concept was based on the use of an etched carbon fibre electrode
matching an etched capillary. Recently we have shown that a simple end-column
detector arrangement incorporating a microdisk sensing electrode can be used in
conjunction with 2 ym ID capillaries and enables limits of detection in the sub-uM range
[2]. In terms of versatility of microfluidic concepts it is attractive that short pieces of fused
silica capillaries can be used to achieve very fast CE separations under conditions of
high electrical field strengths. In the context of CE-MS measurements field strengths up
to 1.25 kV/cm could be applied resulting in separations of catecholamine model
compounds within 20 s [3]. In addition, it will be shown, that capillaries with small ID of
15 um allow for the use of nonconventional electrolytes and can lead to very efficient
CE-MS separations. The concept of electrochemically assisted injection (EAI) enables
the CE separation of charged product species formed electrochemically from neutral
analytes. This approach is successfully coupled with MS [4]. Selected examples will
illustrate that EAI-CE-MS can be used as a novel means for the CE separation of neutral
analytes with full compatibility with electrospray ionization (ESI) MS. In addition, the
performance of ESI-MS can be considerably improved in case of hydrophobic
compounds. A semi-automated EAI system was constructed and optimized with the help
of scanning electrochemical microscopy [5].

References:

[11 L.A. Woods, T.P. Roddy, T.L. Paxon, A.G. Ewing, Anal. Chem. 73 (2001) 3687.
[2] S. Blasco, L. Kurtz, F.-M. Matysik, Electrophoresis 30 (2009) 3355.

[3] M. Grundmann, F.-M. Matysik, Anal. Bioanal. Chem. 400 (2011) 269.

[4] R. Scholz, F.-M. Matysik, Analyst 136 (2011) 1562.

[5] P. Palatzky, F.-M. Matysik, Electroanalysis 23 (2011) 50.
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NEW ELECTRODE MATERIALS IN ENVIRONMENTAL ELECTROANALYSIS
J. Barek ", J. Wang 2
" Charles University in Prague, Faculty of Science, Dept of Analytical Chemistry,
UNESCO
Laboratory of Environmental Electrochemistry, Prague 2, Czech Republic;
2 DepT of Nanoengineering, University of California San Diego, La Jolla CA, USA

E-mail: Barek@natur.cuni.cz

The development of new electrode materials resistant to passivation, with low noise
and broad potential window, mechanically robust for field measurements and/or
measurements in flowing systems and with easy renewable surface (mechanically
or electrochemically) is one of the priorities of modern electroanalytical chemistry. In
this contribution, several non-traditional electrode materials and their application in
environmental analysis will be discussed.

For electrochemically reducible organic substances of environmental importance
(chemical carcinogens, pesticides, etc.) various types of amalgam electrodes (solid
amalgam electrodes, amalgam paste electrodes, single crystal amalgam electrodes
etc.) can be successfully used in micro and submicromolar concentration range.
Their possibilities and limitation together with some practical application will be
discussed together with their application for amperometric detection in flowing
systems (HPLC ED and FIA ED). Attention will be paid to their pretreatment ad
surface renewal (mechanical and electrochemical).

Boron doped diamond film electrodes can be used for detection of both
electrochemically reducible and electrochemically oxidisable compounds because
of extremely broad potential window, low noise and negligible tendency for
passivation. Again, their application in flowing systems and their combination with
preliminary separation and preconcentration techniques in the filed of environmental
electroanalysis will be discussed.

At the end, carbon paste electrodes, carbon film electrodes and screen printed
electrodes, their advantages and disadvantages, and their application in
environmental electroanalysis will be discussed.

Financial support of Ministry of Education, Youth and Sports of the Czech Republic
(Projects MSM 0021620857, LC 06035, and KONTAKT (AMVIS) project ME 10004
(NEMVAD)) is gratefully acknowledged.
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ION-SELECTIVE ELECTRODE BASED OF MOLECULARLY IMPRINTED
CORRIN FILM

A. Demirel Ozel "**, E. Dikici %, L. G. Bachas 2
Dept of Chemistry, College of Arts and Sciences, University of Kentucky, KY-USA
Dept of Chemistry, College of Arts and Sciences, University of Miami, FL-USA
Dept of Biochemistry and Molecular Biology, Miller School of Medicine, University of
Miami, FL-USA

E-mail: ademirel@science.ankara.edu.tr

Molecular imprinting has drawn considerable attention because of its ability to create
polymers with pore architectures that are complementary to the template used in the
polymerization process [1]. The advantages of molecular imprinting in creating polymers
capable of chemical recognition have been demonstrated in the field of chiral
separations and in the generation of synthetic receptors [2]. The basis of this
polymerization is the electrodeposition of a polymeric film on the surface of an electrode
immersed in a solution of an appropriate monomer. Various anions can coordinate
selectively to metallomacrocyclic complexes, and this interaction is dependent on the
structure of the metallomacrocycle. Vitamin Bi,, also known as cyanocobalamin,
consists of a corrin ring system coordinated with cobalt. Different derivatives of Vitamin
B2 have shown good selectivity when they were used as ionophores to prepare anion-
selective electrodes [3, 4, 5]. For this purpose, a new pyrrole substituted vitamin B1
derivative, functioning as a corrin monomer, was synthesized and its electrochemical
polymerization by using a molecular imprinting approach was performed.
Electropolymerization of the corrin monomer and its redox properties have been
performed in acetonitrile in the presence of 0.1 M tetrabutylammonium perchlorate on
glassy carbon electrode by cyclic voltammetry. The effect of various parameters such as
the potential range, scan rate, number of scans that control the film properties and the
concentration of the monomer were investigated. The optimum conditions for
potentiometric measurements were tested and it was found that the electropolymerized
corrin films exhibited an anion selectivity pattern that deviates from the Hofmeister
series. The obtained electrode based on a novel electropolymerized corrin film was
found to recognize selectively thiocyanate ions and showed a Nernstian slope of -
56.04+1.02 mV/pSCN for a period of at least 6 months.

REFERENCES

[1]. B. Sellergren, Ed., “Molecularly Imprinted Polymers”, Elsevier, Amsterdam, 2001.

[2]. M. Yan and O. Ramstrém. Eds., “Molecularly Imprinted Materials: Science and Technology”, Marcel
Dekker, New York, NY, 2004.

[3]. Florido A., Daunert S., Bachas, L. G. Electroanalysis, 3,177-182, 1991.

[4]. Schulthess P., Amman D., Krautler, B., Caderas C., Stepanek R., and Simon W., Anal. Chem., 57,
1397-1401, 1985.

[5]. Stepanek R., Krautler B., Schulthess P., Lindemann B., Amman D., and Simon W., Anal. Chim. Acta,
182, 83-90, 1986.

4 Permanent address of A. Demirel Ozel: Department of Chemistry, Faculty of Science, Ankara, TURKEY.
A.Demirel Ozel was supported by The Scientific and Technological Research Council of Turkey
(TUBITAK).
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ANTIMONY ELECTRODES IN MODERN ELECTROANALYSIS
S. B. HoCevar, B. Ogorevc
Analytical Chemistry Laboratory, National Institute of Chemistry, Ljubljana, Slovenia

E-mail: samo.hocevar@ki.si

Among advanced analytical techniques, electrochemical stripping analysis certainly
represents a field of great importance, particularly due to its unique characteristic of
pre-concentrating the analytes of interest in/on the working electrode. There were
many attempts to replace mercury electrode, which has been used for this purpose
in the last six decades, with some other appropriate electrode materials, e.g. Au, Pt,
Ag, Ir, different modifications of carbon, etc., but none of them approached the
excellent electroanalytical performance of mercury. In recent years, electrochemical
stripping analysis has faced some successful suggestions addressing the
aforementioned issue, starting with the bismuth film electrode (BIiFE) [1] which has
been, by now, accepted in numerous electroanalytical laboratories worldwide for
measuring trace metal ions and several selected organic compounds. This
electrode was followed by the introduction of antimony film electrode (SbFE) in
2007 [2] which also exhibits extremely interesting electroanalytical features, e.g.
relatively wide operational potential window, favorable hydrogen evolution
overvoltage and interestingly low signal for the re-oxidation of antimony itself, etc.,
thus paving, together with bismuth electrode, a broad avenue in modern
electrochemical (stripping) analysis for performing measurements using "mercury-
free" electrodes.

In this contribution a brief overview will be given about the antimony electrode in
advanced (stripping) electroanalysis. The electroanalytical performance of different
configurations of the antimony-based electrodes will be discussed in combination
with voltammetric/potentiometric stripping protocols for measuring trace heavy
metal ions. The antimony electrodes will be also critically compared to their bismuth
and mercury counterparts and finally, the possibilities for their further development
and applications will be outlined.
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8-Hydroxyquinoline (8HQ) is often found as an environmental pollutant due to its
widespread use in industry, medicine and agriculture. It is commonly used as a
complexing agent in analytical chemistry, a pesticide, a preservative, a bactericide
and disinfector in some cosmetics and a component of organic light-emitting diodes.
The 8-Hydroxyquinoline (8HQ) oxidation process has been investigated by Cyclic
Voltammetry using a Glassy Carbon Paste Electrode (GCPE) as a working
electrode. The theoretical study of the mechanism of electrochemical oxidation of
8HQ has been based on the AM1 semi-empirical quantum chemical computations
of the heats of formation of the reaction intermediates, taking into account the
influence of pH and solvation effects. We proposed that a two-electron irreversible
process, controlled by diffusion of electroactive species, is responsible for an
oxidation peak of 8HQ that appears in all cyclic voltammograms recorded on a
clean electrode in the solutions of pH in the range 2—-12 with a supporting electrolyte
of Britton-Robinson Buffer/methanol. A single-electron oxidation of 8HQ leads,
depending on pH, to the formation of various free radical species that combine to
make dimers which, after being oxidized once more, give quinonoid-type
compounds. Recording continuous cyclic voltammograms on the GCPE, pre-peaks
appear as a consequence of dimer and quinonoid compounds formation. By
applying Differential Pulse Voltammetry for 8HQ determination it was calculated that
the limit of detection was 5.2x10° mol/L. For more sensitive quantitative
determination of the investigated substance Adsorptive Stripping Differential Pulse
Voltammery can be used since it was found that after 300s-deposition time at 0.0 V,
vs. Saturated Calomel Electrode, a 2.1 times higher peak current than without
deposition was obtained.
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SQUARE-WAVE VOLTAMMETRIC METHOD for SIMULTANEOUS ASSAY of
AMLODIPINE and VALSARTAN
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Amlodipine (AMD), (Fig.1), as calcium channel blocker, and valsartan (VAL), (Fig.1), as
angiotension receptor blocker are used for the treatment of high blood pressure together.
Simultaneous determination of AMD and VAL in various samples is of great importance. There
are few analytical techniques for spectrophotometric and chromatographic determination of
AMD and VAL in literature [1-4]. There is no voltammetric method for simultaneous
determination for AMD and VAL although these methods are simple, sensitive, economic,
easy to be operated and they require less chemicals than other methods.

Mixture of AMD and VAL gives two anodic peaks at 0.750 V and at 0.950 V vs. Ag/AgCl in
Britton-Robinson buffer (BR) at pH 5.0 on glassy carbon electrode corresponded to oxidations
of AMD and VAL, respectively. Therefore new, sensitive, simple, and reproducible square-
wave voltammetric (SWV) method was developed for direct determination of binary mixture of
AMD and VAL in different samples including pharmaceuticals, human serum and human urine
based on these anodic peaks. The dynamic concentration ranges were found to be 1.0-35.0
UM for AMD and 1.5-32.0 uM for VAL with limit of quantification (LOQ) values as 2.5 uyM for
AMD and 2.2 uM for VAL. Proposed method was successfully applied to determine the AMD
and VAL content of pharmaceutical preparations, spiked human serum and spiked human
urine. Recovery values in such applications were found 96.2% — 99.4% for AMD and 97.8% —
100.4% for VAL. Relative standard deviations (N = 5) were found to be less than 10.0 % for all
applications.
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Fig. 1 Chemical structures of AMD and VAL
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The first Analytical Chemistry laboratory in Japanese University was established in
1918 in Tohoku University. Now, the education of Analytical Chemistry is
recognized as a most fundamental and essential program in the undergraduate
chemistry courses. In the recent twenty years, the need for the education of
Analytical Chemistry is extending to the undergraduate education of Biology
courses. Here, some trends in Japanese Analytical Chemistry education are
reviewed.

1. Text book

Because undergraduate class and experiment are generally performed in
Japanese, as in the cases of other courses, many Japanese textbooks on Analytical
Chemistry more than 400 are currently available. A few English text books are
translated into Japanese, but almost all text books are written by Japanese
teachers of University.

2. Class and experiment of Analytical Chemistry

Education of Analytical Chemistry in undergraduate courses of Universities have
been mainly carried out in six major faculties; science, engineering, agriculture,
pharmaceutical science, dentistry and medicine. The subjects of Analytical
Chemistry class include chemical equilibria in solution, electrochemical detection,
spectroscopic analysis and analytical separation. Fundamental analytical
techniques such as titration and photometry have been taught in all disciplines, but
choice of advanced techniques has been dependent on the faculty. In general,
analytical methods for metals and other inorganic compounds are major subjects in
faculties of science and engineering. On the other hand, the analyses of biogenic
substances are common in faculties of life science. However, the actual
circumstances are greatly different depending on the university and the faculty. In
case of Faculty of Science of Osaka University, the classes of Analytical Chemistry
1, 2 and 3 (each 90 min x 15 weeks) are prepared for the undergraduate students
of Departments of Chemistry and Biology. Laboratory course in Analytical
Chemistry is essential for all students of Chemistry.
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In this presentation the overview of the status of education in analytical chemistry in
various European countries will be given, with a special attention to the new EU
member states. The expectation of the society and the competence of those
educated chemist being a results of the existing curriculum will be evaluated.
Analytical chemistry is a science allowing to understand the composition of matter
and the mechanism of its transformation. It is hard to overestimate the importance
of analytical chemistry to society, thus there is a big needs for the educated peoples
in this area. The analytical chemistry is an interdisciplinary subject where the
knowledge of basic law of chemistry, biology, physics and mathematics is required.
On the top of this, analytical chemistry should be percept as a discipline which
required problem solving approach, thus the analytical chemist must have a good
theoretical knowledge and practical experience of various methods and
instrumentation. Also the innovation and team work are consider to be a key
components of the skilful analytical chemist's competence. The quality of the
results in respect of its accuracy become an important issues over the last years
and this include also needs to understand the specific requirements of
accreditation. Therefore the higher education in analytical chemistry should posed a
special concern.

Besides the analytical chemistry faculties, various specific aspects of chemical
measurements are also included in the curriculum of faculties of e.g. biology,
geology, medicine, pharmacy, environmental protection and engineering. All those
disciplines which uses the information on the matter needs the contribution from
analytical chemists. When concerning analytical chemistry, it is relevant to stress
the importance of the upgrading the knowledge and competence, and for that
purpose a number of long life learning coursed organised by universities have their
place in educational package.
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In an analytical chemistry curriculum for chemists and chemical engineers one
cannot expect the students to have the sufficient knowledge in biology and
biochemistry to be deeply interested in studying biological systems. Nevertheless
they have heard about genetic engineering, some aspects of medical technology
and clinical chemistry, environmental pollution, etc. These are good connecting
points for talking about bioanalysis to them.

In our department we have in recent years gradually included more and more
bioanalytical topics in the analytical chemistry curriculum of chemical engineers. At
the BSc level the course in analytical chemistry (4 week-hours of lectures and 4
week-hours of lab) we cover enzymatic methods of analysis and immunoassys in
detail. In other, instrumental chapters, like electroanalysis or fluorescence we use
many bio-related examples.

At the MSc level the students of chemical engineering have 2 week-hours lecture
and 2 week-hours of lab in AC, where they get an overview of some of the main
instrumental methods of analysis which were not covered at BSc level. Ca. 25% of
the lectures is devoted to protein analysis by HPLC, MS and by some
spectroscopies. These lectures are given by experts from industry.

About 20% of the students specialize in AC. They have ample opportunities to learn
about bioanalysis both in their regular and special courses. Our specialty is a
thorough compulsory course in biosensors.

At our faculty of Chemical Engineering and Biotechnology half of the student body
is enrolled in bioengineering. They obtain a thorough knowledge in biology and
biotechnology. Early in their BSc curriculum they take the AC course described
above. Later they may specialize in food analysis or clinical chemistry.
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Education in Analytical Chemistry (AC) aims at a target audience that is about to
join the labor market. A great number of laboratory assistants, technicians and
chemists finish their vocational training each year and enter into professional life.
But are they well prepared for the demands of the market?

Generally spoken, lab assistants and technicians have received a sounder
background in quality Management (QM) and metrology during their apprenticeship
than academically trained chemists, who later on might be their bosses. A difficult
situation occurs whenever a QM-system needs to be implemented or a lab strives
for accreditation or certification. Training-on the-job is common practice to close this
gap. Lifelong learning is a wonderful thing and a requirement for career planning
and competition. But isn’t it also our duty to offer young people an education that
allows them a good start according to the needs of today?

A solution may be seen in making the subjects QM and metrology an essential
(mandatory) part in teaching AC. This is not easy as universities usually do not run
their research labs with a QM-system or are experienced in holding an accreditation
against e.g. ISO 17025. So what part can universities contribute?

Teaching the teachers may be an option and thus enabling them to teach the
students. Inviting professionals in and have them share their experiences another.
Let’s face it: teaching quality management and metrology at a theoretical level is
quite a dry matter. How can the students’ interest be drawn and maintained?

The presentation is intended to offer some answers to the questions raised.
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At the Westfalische Wilhelms-Universitdt Miinster, the Fachgruppe ,Analytische
Chemie” of “Gesellschaft Deutscher Chemiker GDCh” has started a new form of
education, the so called “Spring School Industrial Analytical Chemistry“, teaching
master and diploma students of chemistry praxis relevant subjects of industrial
analytical chemistry. The initiative of this project is based upon the results of an
inquiry conducted amongst representatives from chemical and pharmaceutical
companies and producers of analytical equipment during the exhibition “analytica
2008” in Munich. The main result was that more than 50% of the representatives
criticized the insufficient experience and knowledge of master and diploma chemists
in industrial analytical chemistry. Therefore the “Fachgruppe” and its working group
“Industrieforum Analytik” carried out the first Spring School in 2011 from February
14th till 25th. The aim of this type of workshop is it to impart essential methods and
typical questions of day-to-day business in an analytical laboratory.

Highly qualified speakers from analytical labs of leading German chemical and
pharmaceutical companies and representatives from analytical equipment
producing companies educated more than 30 students of different German
universities in methods and typical problems in the praxis of an industrial analytical
laboratory. Beside the analytical know-how the students received an introduction to
the important aspects of entrepreneurship and social competencies like leadership,
teamwork or communication. Furthermore, they all got assistance in applying for
jobs in the industry. Beside the presentations all participants had the opportunity to
attend the excursions to analytical laboratories of a chemical company as well as to
a physical lab of an analytical equipment producer. At the end of the Spring School
each student got a certificate based on a test and their universities are willing to
give credit points to all students who successfully passed the test. The 20 best
participants have the chance to further increase their knowledge by attending a six
week course at leading German chemical and pharmaceutical companies.

The participation in a Spring School is free of charge. But the number of participants
is limited. Participants may be students of master/diploma courses of chemical
studies and must be recommended by their professor in analytical chemistry. Basic
knowledge in analytical chemistry is absolutely necessary.

The Spring School is financed by the Fachgruppe “Analytische Chemie” and by the
participating companies. Furthermore the Fachgruppe assigns scholarship funds in
a limited number to their members.
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Since 2004, the University of Lyon offers a master degree with a training program
entirely dedicated to analytical science. Every year, 48 students register to this
master degree for a first year with a core curriculum in analytical tools (separation,
elemental analysis, NMR, mass spec, UV-IR, signal processing, structural analysis,
validation, quality assurance and quality control...). During the second year, an
active pedagogy based on project based learning has been organized with
challenging task assigned to students as a part of their training program. Since
2006, our students are hired during their final year by companies in order to be %
year time attending course at the university and % year time in the company to
perform research or quality control.

This training structure has been initially developed form the Knowledge, Skills and
Abilities required by the French Chemical industries for laboratory analysis, and the
master degree was in good adequacy with these requirements. However, chemical
industry requires now specialists in industrial analysis and is facing recruitment
difficulties to address challenges in real-time analysis and process optimization.

A new interdisciplinary program at the interface of chemistry, chemical engineering
and analytical chemistry is now offered to students in order to address topics such
as quality by design, process analytical technology, bio-processing, green
chemistry, nanotechnology, micro-instrumentation, process control and data
handling.
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Modern analytical chemical methods with the use of GC and HPLC coupled to UV,
DAD, MS and MS/MS detectors are very specific and show low detection limits for
vitamins. Question arise whether the analytical method encompass all biological
active vitamers and/or whether the quantified vitamers are really biological active in
humans and with which biological activity.

The basic purpose was to measure the nutritional effect which is the ultimate
measure of value for any nutrient. The original biological and microbiological
methods are time-consuming, and costly, and furthermore they have a low
precision.

Today the chemist has to quantify the known vitamers which contribute to vitamin
activity. Ever since the discovery of vitamins this list has been enlarged and
continuously the analytical methods have been improved to quantify the specific
chemical vitamin active compounds.

This is a challenge, as the contents of the vitamins are present in food in very low
amounts at ppb and even ppt level. E.g for sources rich in vitamin D such as cod
liver oil, there is only 2-3 ppb, and in milk even at ppt level. Due to high
consumption these levels are of high interest.

Like in any other analyses of natural components, the extraction process is
essential. The extraction should optimally release all active vitamin compounds to
be quantified.

The challenge is firstly to identify the individual compounds which posses the
vitamin activity, secondly to achieve a standard material, and thirdly to develop and
validate the necessary correct and precise analytical method. And finally assess the
bioactivity of each of the quantified vitamers.

The talk will give example of these challenges for selected fat- and water soluble
vitamins.
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Food safety has become a central concern within the European Union as it is all
over the world. Consumers worry about food borne pathogens, chemicals, including
mycotoxins, pesticides and veterinary residues. Safe food is a result of stringent
quality control maintained throughout the food chain. In the lecture we would like to
present some results obtained by the Optical Waveguide Lightmode
Spectroscopy“) (OWLS) based label-free immmunosensors used for the
determination of different chemical contaminants in food responsible for the risk of
food poisoning. Measuring methods were investigated for the determination of
mycotoxins (zearalenone, aflatoxin, ochratoxin, and deoxynivalenol), toxin (ocadaic
acid), allergenic compound (histamine), trifluralin pesticide and vitellogenin marker
protein for monitoring the pollution with endocrine disrupting chemicals. The OWLS
technique as a label-free immunosensor has been successfully applied for the
detection of a number of different compounds in both competitive and in direct
assays. In order that the sensitised surfaces to be regenerable, i.e. the sensor can
be applied several times, the antigen or the antibody is immobilized on the surface
by covalent attachment to silanized surfaces. When measuring in direct manner the
appropriate antibody was immobilized on the sensor surface and the linear
measuring range determined, while during the competitive measurement the
antigen-conjugate was immobilized on the waveguide surface. Standard solutions
containing different amount of toxins were mixed with antibodies of appropriate
concentration, the mixture was incubated for one minute and injected into the
OWLS system. Binding of the antibodies in the sample to the coated surface is
competed for with free antigen in the sample and only antibodies remained in free
form in the mixture bound to immobilized antigen-conjugates. The amount of
antibodies bound to the surface of the chip was inversely proportional to the toxin
content in the samples. The linear measuring range and the relative substrate
specificity of the antibody were also studied. Different type of food samples (e.g.
grains, fish, mussel, fruit and vegetable juice, etc.) were spiked with the proper
chemicals and were analysed using the newly developed methods and a high
degree of correlation was observed between the spike level and the detected value
using the immunosensors and reference methods.

(1) Voros et al. (2002) Biomaterials 23, 3699-3710

Special thanks to MicroVacuum Ltd. (www.microvacuum.com)
by supplying measuring time on OWLS 100 instrument.
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The need for more powerful and discriminating analytical techniques has grown
exponentially over the last decade, along with the increasing complexity of the
samples to be analyzed, and the specificity of information required. It has become
ever clearer that, in order to achieve the desired level of accuracy and reliability of
analytical data, the analysis of complex mixtures requires the combination of both
powerful separation techniques and sensitive detection.

As far as the separation is concerned, the implementation of multidimensional (MD
LC) and comprehensive (LC x LC) liquid chromatography systems has provided
enhanced resolving power for highly complex samples with hundreds of closely-
eluting components. The increase in separation power arises from the combination
of multiple stationary phases, with different degree of orthogonality (selectivity).
Whatever the separation techniques, the use of mass spectrometry (MS) adds an
additional dimension to the analytical LC x LC platform, allowing more definitive
identification and the quantitative determination of compounds that are not fully
resolved chromatographically.

This presentation will focus on the use of comprehensive LC x LC techniques and
ultra high pressure technology (UHPLC) for challenging separations in the food
area (proteins, lipids, carotenoids).

High resolution is attained through the use of partially porous particles (2.7 um),
consisting of either HILIC, or Cyano, or C18 stationary phase, while the on-line
coupling to an ion trap-time of flight (IT-TOF) mass spectrometer will provide the
specificity of detection desired.
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The antioxidant capacity of red wines is commonly assessed by chemical methods
based on electron transfer reactions, such as Folin-Ciocalteu (F-C), cupric ion
reducing antioxidant capacity (CUPRAC), 2,2-diphenyl-1-picrylhydrazyl (DPPH’)
and 2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS™)
assays. The major limitation of these assays relies on the necessity of attaining
end-point measurements since the antioxidant values depend on analysis time [1].
This situation takes place because the antioxidant capacity of red wines is
estimated with standard compounds (Trolox or ascorbic acid), which show a kinetic
behaviour different from those obtained for red wines. In fact, using traditional
standard compounds, which present a rapid kinetic profile, the antioxidant values
are time-dependent and the measurements for red wines should be performed after
120, 60, 120 and 300 min using the F-C, CUPRAC, DPPH' and ABTS™ assays,
respectively. This issue implies that these procedures are time-consuming and less
suitable for routine/screening purposes.

The aim of the present work was to determine the kinetic profile of several
antioxidant compounds, including the standard mixture proposed as reference
material for antioxidant assessment [2], in order to develop analytical methods that
provide results independent of the reaction time. To implement this kinetic approach
for each assay, a microplate spectrophotometer was used to monitor the redox
reaction of red wines and standards with each oxidizing species. The antioxidant
values of red wines, measured every minute up to the end-point, were related to
each studied standard and the results demonstrated that when the standard
compound had reduction kinetics similar to the sample, the values attained in the
first minutes of the reaction were similar to those obtained at end-point conditions.
Using this strategy, the reaction time of F-C, CUPRAC, DPPH" and ABTS™ assays
may be reduced to 3, 10, 30 and 5 min using the appropriate standard compound.

Acknowledgements
L. M. Magalh&es thanks FSE and MCTES for the financial support through the
POPH-QREN program.

References:

[1] Magalhaes L. M., Segundo M. A, Reis S., Lima J. L. F. C., Anal. Chim. Acta 613
(2008) 1.

[2] Luthria D. L., Vinyard B. T., J. AOAC Int. 91 (2008) 506.



S4: Food Analysis

IDENTIFICATION OF DEGRADATION PRODUCTS OBTAINED UNDER
EXPOSURE OF QUERCETIN SOLUTION TO UV-C LIGHT

J. Savié"", V. Maksimovié?, B. Nastasijevi¢', J. Dimitri¢ Markovi¢®, V. Vasi¢'

"Vinca Instltute for Nuclear Sciences, Belgrade University, Belgrade, Serbia
?Institute for Multidisciplinary Research, Belgrade, Serbia
Faculty of Physical Chemistry, Belgrade University, Belgrade, Serbia

E-mail: jasnas@vinca.rs

Quercetin is the most prevalent flavonoid which belongs to the subclass of
flavonols. There is enormous number of publications which deals with
transformations of quercetin and identification of obtained products, regardless of
mean which was use for initiation of its degradation. The most frequently studied is
quercetin oxidation/degradation, initiated by electrochemical methods, radicals,
presence of metal ions, enzymes, heat or different methabolic pathways. Because
of its strong UV absorption quercetin is highly labile in biological systems. There are
many investigations of photostability of flavonoids which has simplier structures,
such as 3-hydroxy flavones, in the presence or absence of metal ions, while the
publications dealing with investigation of quercetin photostability and identification
of its photodegradation products are rarity.

In recent years many approaches, such as the illumination of friuts, vegetables and
their products by ultraviolet light, have been investigated in order to find out the
most efficient technique against food pathogens which cause their spoiling.
Numerous investigations of possible using of UV-B or UV-C light for prevention of
friut and vegetable browning approved that level of antimicrobial agents in plants,
such as flavonoids, during short UV illumination increase, which amend their
antimicrobial activity and result in prolonged resistance of fruits and vegetables
against putrefaction provoken by various microbes. Thus, it is of great importance to
find out which products are obtained during UV irradiation and to investigate their
biological activity.

The photochemical degradation of quercetin methanolic solution was investigated in
an annular (double skin) photoreactor. After 40 min irradiation by Philips TUV 15W
lamp, which emits UV- C light, the decrease comparing to inital concentration of
quercetin solution (4><10 M) was 30% and more than 20 products were detected in
complex reaction mixture. The identification of degradation products was performed
by '"H NMR and by liquid chromatograph with PDA and MS detector.
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Nowadays, the scientific community increasingly recognizes that plant derived
foods such as fruits and vegetables show some beneficial effects on human health
which are in relation with bioactive micronutrients such as flavonoids and phenolic
acids. Apricot is considered as a rich source of phenolics.

The aim of our research was to comprehensively explore the flavonoid composition
of apricots grown in Hungary. Twelve apricot genotypes were collected from eleven
different commercial cultivars including five traditional Hungarian cultivars (Ceglédi
arany, Ceglédi ¢rias, Ceglédi Piroska, Korai piros, Mandulakajszi) and one hybrid
from a breeding programme (hybrid 7/1). These samples cover a representative set
of apricot genetic diversity. All trees were cultivated in the same experimental
orchard according to normal apricot orchard management and were harvested in
2009 at the commercial maturity stage. The identification of flavonoid derivatives
was carried out by an HPLC-ESI-MS/MS screening method and the quantity of
flavonoid derivatives were given in their non-hydrolyzed glycoconjugate forms.

The main idea of this method that it is able to detect and identify the flavonoids in
their original intact form as they are present in planta i.e., conjugated to various
saccharides and organic acids. Having suitable information on conjugated forms is
important because their bioavailability and thus biological effect of these
compounds depend on the type of conjugates linked to the aglycone of flavonoids.
As a result of our study three flavonoid glycoconjugates including two quercetin
derivatives (quercetin-3-O-ruitnoside and quercetin-3-O-glucoside-6’-acetate) and
one kaempferol derivative (kaempferol-3-O-ruitnoside) were indentified and
individually quantified in each cultivar; however, differences were observed in their
relative abundances. Summarized flavonoid contents varied between 0.8 and 12.4
mg 100 g'1 of fresh fruit expressed as quercetin-rutinoside. Furthermore it must be
emphasized that the flavonoid contents of cultivars with the highest values
exceeded the average levels for apricot fruit.
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lonophore containing micro and nano-particles are useful core agents to build
optical sensors, potentially able to give both spatial and temporal information about
a sample. However, although response time can be reduced in a nano-particle
format, this puts the structure below the resolution limits for classical confocal
microscopy. A capsule format can overcome this and can provide multiple
additional functionalities. This capsule scaffold will be presented, based mainly on a
laminated organo-silane/silica structure, with diameter from 1000nm to 2500nm.
Emerging from the sensing capabilities this sensor, we have designed a
multifunctional ‘capsule’, which provides a platform technology for combining
imaging contrast agents, ion-selective measurements and drug or other reagent
delivery.

One philosophy in design of these capsules was that by altering the thickness and
silane precursors for the shell laminate, the resultant properties of the particles
could be manipulated to become ultrasound sensitive and could thus serve as both
an ultrasound contrast agent and ion-selective sensor. In this context, capsules
prepared with a sufficiently elastic shell can show a bright ultrasound image,
thereby presenting the capsule as a contrast agent. Furthermore, their function
could be selected according to applied acoustic pressure to behave as a contrast
agent or as a delivery vehicle for drugs, dna etc. that might be contained within the
capsule. A second contrast agent functionality could be introduced through
incorporation of magnetic nanoparticles, also allowing particles to collected within a
magnetic field or to be used in MRI as a contrast agent.

However, the major use of these capsules comes as fluorescent ion-selective
optrodes. Assembly of ionophores in the capsule shell is shown and their response
compared with particles of similar size. Since the capsule wall has nanometer
dimensions, the diffusion path-length is very small and response times of <3s are
typical determined by wall thickness and depending on ionophore assembly in the
capsule. Reversible fast response times are demonstrated, even when a reagent
such as chromoionophore | is used which typically has been reported to show
photobleaching.
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Investigation of chemical interactions of the surface attached DNA is of great
importance for biochemical, medical, environmental, food and other studies and
applications. From the pioneer work by Palecek and Postbieglova [1] devoted to
detection of small amounts of DNA, electrodes chemically modified with a layer of
DNA (or generally nucleic acid) are constructed and used widely as chemical
sensors and biosensors with the specific response to DNA and advantages of
electrochemical analysis. Carbon based electrodes including disposable screen-
printed carbon paste electrodes are of interest as non-expensive and
environmentally friendly material suitable for the preparation of rather simple
sensors used particularly in warning tests. Besides association interactions,
structural damage to DNA is subject of such tests. Characterization of DNA damage
type using the biosensors based on solid electrochemical transducers belongs to
problems which should be solved.

Here we suggest an application of several detection modes at the evaluation of
changes at the DNA layer of the biosensor. To ensure detection windows with
necessary sensitivity, an interface formed by nanomaterials with large surface area
and good electric conductivity is used at the carbon paste-based screen-printed
electrode. The sensors were exploited both in batch and flow-through cells.
Damage to DNA by various agents was detected using voltammetric signals of
guanine moiety, redox active dsDNA intercalators, the ferricyanide anion as
indicator present in solution phase and electrochemical impedance spectroscopy.
Opening of the helix structure, strand-breaks and total destruction of the DNA layer
have been observed.

This work was supported by the Scientific Grant Agency VEGA of the Slovak
Republic (Project 1/0182/11).

References:
1. Palecek E., Postbieglova I.: J. Electroanal. Chem. 214, 359 (1986).
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DNA is an electroactive substance yielding analytically useful redox as well as
tensammetric electrochemical signals. In addition to intrinsic DNA responses,
electroactive markers have been utilized to obtain reversible electrode processes at
less extreme potentials than those produced by DNA itself, or catalytic signals to
attain higher sensitivity. Some of the covalently (e.g., oxoosmium complexes) or
non-covalently (intercalators) bound redox markers exhibit also selectivity to DNA
structure. In addition to the electroactive moieties, enzymes catalyzing production of
electrochemically detectable indicators have been applied in DNA labeling as well.
Choice of a particular detection technique depends on the type of analysis and
electrodes used. Although there have been efforts to prefer label free techniques
due to their inherent simplicity, low costs and biocompatibility, not always these
criteria meet requirements of the given assay. Osmium tetroxide complexes with
nitrogenous ligands (Os,L) form covalent adducts with pyrimidine residues.
Sensitivity of Os,bipy (bipy=2,2’-bipyridine) towards unpaired thymine residues has
recently been utilized in a technique for the detection of DNA damage as well as to
label signalling probes for DNA hybridization assays. Various electroactive tags can
be introduced into DNA by DNA polymerases using labeled deoxynucleoside
triphosphates. In recent years, preparation of electrochemically labeled nucleotides
and their incorporation into DNA using primer extension (PEX) or PCR techniques
have opened novel possibilities in electrochemical DNA sensing. Incorporation of
the labeled nucleotides into DNA is potentially useful not only for preparation of
probes for the purpose of “classical” DNA hybridization assays, but also for
approaches based on sequence-specific introduction of the tags. PEX-based DNA
“minisequencing” strategies involving nucleotides coded with tags producing
specific signals (such as nitrophenyl, ferrocene or a Os(Il) complex) results in an
easy identification of the SNP type according to the peak potential and/or character
of the electrode reaction.
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Chemical sensors and detectors play important roles in many fields of chemical
analysis. In this paper, we discuss several different types of molecularly-imprinted-
polymer (MIP) based chemical sensors developed in our laboratory. We have been
studying MIP sensors using overoxidized polypyrrole (oPPy) in which dopant anions
are used as template molecules for recognition (Scheme 1). Recently, we have
discovered that oPPy can be used for the detection of analytes ranging from nano-
to micro-size. Such flexibility opens a new possibility in developing analytical
sensing technology capable of detecting small to macromolecules. Such analytes
include small and mid-sized molecules, such as amino acids and peptides, and in
an extreme case, we have successfully detected and discriminated different kinds
of bacteria using the oPPy technology.

Pyrrole is polymerized with a dopant anion, which is used as a template in this
technique. The inserted anion can be removed by further oxidation (overoxidation)
of the polymer film by the loss of the positive charge. Here, the hardening of the
polymer film occurs concomitantly with the overoxidation to make the
complementary cavity stable, and the memory of the template is precisely
preserved in the film surface.
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Electrogenerated chemiluminescence (ECL) of F{u(bpy)g2+ is applied in clinical diagnostics,
particularly in detecting affinity reactions of immunoreagents and nucleic acids.[1-2]
Derivatives of Ru(bpy)s®> have been immobilized in polymer and silica sol-gels films, attached
to nanoparticles and covalently bound to substrates.

In the present work, photoinitiated polymerization is efficiently and rapidly carried out to
immobilize ultrathin electrochemiluminescent hydrogel films. We used for our studies the
[poly(4-vinylpyridine)-Ru(2,2'-bipyridine),Cl-ethylamine].[3] The redox PVP-Ru(bpy)z2+ polymer
was photodeposited through a mask with PEGDA and a photoinitiator. Cyclic voltammetry
shows reproducible signal demonstrating the stability of the film on the electrode surface. AFM
experiments were performed to measure the thickness of the film which was modulated
between 30 and 100 nm. In the presence of tri-n-propylamine (TPrA), photodeposited polymer
shows intense ECL response which emission appears at the oxidation potential of Ru*
centers (Fig. 1A).
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Fig. 1. A) Cyclic voltammogram (blue) and ECL emission (red) of the photodeposited film in
PBS with 10mM TPrA. Scan rate: 30 mV/s. B) ECL image of obtained photopatterns.

Microscale patterns are fabricated on electrode surface by a simple photolitographic
procedure and revealed by ECL imaging (Fig. 1B). The relatively fast diffusion in such
hydrogel films and their spatial structuration are important characteristics for the development
of new ultrathin ECL materials and for multiplexed ECL detection.

[1] M.M. Richter, Chem. Rev. 104, 2004, 3003

[2] F. Deiss, C. N. LaFratta, M. Symer, T. M. Blicharz, N. Sojic, D. R. Walt, J. Am. Chem. Soc. 131,
2009, 6088

[3] S. Sallard, V. Soukharev, A. Heller, N. Mano, N. Sojic, Electrochem. Commun. 11, 2009, 599
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Maria Sklodowska-Curie is only scientist in history, who received the Nobel Prize
twice once in physics (1903) for radioactivity discovery and again in chemistry
(1911) for polonium and radium discovery and studies concerning the nature of
these elements. Scientific works, which she started together with her husband
Pierre Curie were continuing after his death, opened a new sphere of inquires in
physics and chemistry and led to arise of first methods of atom interior and material
researches. These studies have dominated contemporary science. Stating that
radiation of radioactive substances induces chemical reactions she became the
author of radiochemistry. She was able, in a very fast way, introduce her scientific
results to life and check them out in practice.

Her curriculum vitae, scientific career and social activity are so fascinating and full
of secrets that could be used as a topic of many studies, not only scientific. The
mere fact of origin (she was born November 7, 1867 in Warsaw) and the desire
liberation from the prevailing policy at that time (end of the XIX and the beginning of
XX century) meant that she became a symbol of modern woman-scientist, wife,
mother, and philanthropist. Her life's work (education and knowledge) performed
outside of the occupied Poland. As a second homeland, she chose France. How
eloquently and simply she described the story of her life: "It is such an uneventful,
simple little story. | was born in Warsaw, in professors family, | married Piotr Curie, |
had two children. My scientific work | made in France.”



S6: Challenges in Chemometrics
Keynote Lecture 6
HANDLING MISSING VALUES, OUTLIERS AND MEASUREMENT
UNCERTAINTY IN THE
CHEMOMETRIC ANALYSIS OF ENVIRONMENTAL DATA

|. Stanimirova

Department of Analytical Chemistry, Institute of Chemistry, The University of
Silesia, Katowice, Poland

E-mail: istanimi@us.edu.pl

The present study addresses the problem of dealing with missing values and
outlying observations simultaneously in the chemometric analysis of environmental
data. The presence of samples that can be the result of analytical error and have
much different values for some parameters in comparison with the majority of
samples, disturbs a correct replacement of missing elements, while the absence of
measurement values does not allow proper outliers’ identification. The lack of
measurement data in the collected experimental sets may be caused by the
malfunctioning of the analytical instruments or changes in the experimental
conditions due to which some measurements are not recorded for all samples. The
handling of missing elements and data below the limit of detection can also be done
by incorporating the measurement uncertainty information into the chemometric
models.

In this study, we present and discuss approaches to principal component analysis
(PCA) [1], soft independent modeling of class analogy (SIMCA) [2,3] and partial
least squares regression (PLS) [4] that can process contaminated data with missing
elements as well as positive matrix factorization, PMF, and the weighted variant of
the multivariate curve resolution method, MCR-WALS [5], that incorporate the
measurement uncertainty information.

References:

[1] I. Stanimirova, M. Daszykowski, B. Walczak, Dealing with missing values and
outliers in principal component analysis, Talanta 72 (2007) 172-178.

[2] M. Daszykowski, K. Kaczmarek, |. Stanimirova, Y. Vander Heyden, B. Walczak,
Robust SIMCA-bounding influence of outliers, Chemometrics and Intelligent
Laboratory Systems 87 (2007) 121-129.

[3] I. Stanimirova, B. Walczak, Classification of data with missing elements and
outliers, Talanta 76 (2008) 602-609.

[4] I. Stanimirova, S. Serneels, P.J. Van Espen, B. Walczak, How to construct a
multiple regression model for data with missing elements and outlying objects,
Analytica Chimica Acta, 581 (2007) 324—-332.
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Mid-IR-spectroscopy is widely used in analytical practice. As to NIR-spectroscopy
(NIRS) it was considered as low-informative and therefore useless by many
analysts. It is true that NIR spectra are much more complex than mid-IR spectra. At
the same time NIR spectrum acquisition is faster compared to other analytical
techniques and nondestructive. Moreover NIR carry information regarding not only
chemical, but also physical phenomena.

In case the experimental data are complex but carry a lot of physicochemical
information why not to extract this useful information?

Well-known drawback of NIRS is a hidden way in which the information is
presented. Multivariate data analysis (MVA) is necessary to extract this information.
Thus it is better not to claim NIRS as a tool, but present the entire NIR-based
approach, combining NIR measurements with MVA.

Moving from Mid to NIR not only spectroscopic region is changed. The main issues,
such as samples’ preparation, data analysis, the results improvement etc., are
changed dramatically.

The NIR-based approach and its comparison with IR spectroscopy with on the real-
world examples are presented. In particular the following items are addressed.

. Sample preparation and spectra acquisitionare illustrated by the counterfeit
detection of tablets with antibacterial active ingredients (API) [1].

. Influence of the employed spectral region is illustrated by the control of
packed raw materials [2].

. Sensitivity of NIR in comparison with wet-chemistry analysis is illustrated by
the study of the genuine and fake ampoules with API aqua solution [3].

. NIR-calibration problem and figures of merit are illustrated by determination

of protein in wheat [4].

TrAC, 29 (8), 781-938 (2010)

ACA, 642: 222-227 (2009)

Anal Bioanal Chem, 397, 1927-1935 (2010).
J. Chemometrics, 22, 674-685, (2008)
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Contaminant complexity is huge and a detailed analysis of contaminated sites can
easily reveal thousands of individual compounds with different physicochemical
properties and toxicity. However, current procedures for risk assessment (e.g.,
REACH) do not address that contaminants are present in the environment in the
form of complex mixtures.

Next generation risk assessment calls for more studies on mixture toxicity, and new
analytical tools to deal with contaminant complexity. These analytical tools should
either be semi-targeted or untargeted to provide (semi)quantitative information on
contaminants with a wide range of physicochemical properties using one or a few
analytical platforms.

Analytical methods based on GC, LC, MS and spectroscopy both alone and
hyphenated are the standard analytical platforms for the analysis of complex
mixtures. Multi-dimensional chromatography (GCxGC and LCxLC) with MS
detection are cutting edge analytical techniques for separation of complex mixtures.
The enormous potential of these methods for contaminant profiling are only partly
exploited today mainly due to tradition and the lack of automated methods for data
processing of high-dimensional analytical data.

Chemometrics is the application of statistical and mathematical methods to
chemistry and include several techniques (e.g., principal component analysis, and
parallel factor analysis) that allow for a more advanced treatment of analytical data.
The combination of advanced analytical chemistry with chemometrics for both
automated data pre-processing and data analysis of high-dimensional analytical
data (106 -10° data points per sample) provides a powerful toolbox for contaminant
profiling.

We have developed and applied numerous tools for chemical profiling of oil
hydrocarbons and other contaminant mixtures as well as for environmental
metabolomics since 2002. In this presentation we will give an overview of some of
these tools with focus on the ‘CHEMSIC’ method. Two examples will be given on its
use for oil hydrocarbon profiling and fingerprinting.
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Introduction: There are two basic ways of estimating prediction uncertainty, namely, error
propagation or resampling strategies. Error propagation leads to closed-form expressions where
some hypotheses are made but which provide a platform for evaluating the different sources of
uncertainty. Resampling is essentially a "black box" approach which, however, is often more
accurate because fewer assumptions and approximations are made. Some analytical expressions
can be found in the literature for error propagation method, but all consider local linearization and
other important assumptions. Particularly, the errors in the predictors are assumed to be
independent and to have constant variance. This latter assumption is never fulfilled in spectroscopy.
So, this paper proposes a new expression for prediction uncertainty estimation based on the error
propagation strategy, using as few as possible assumptions.

A LT
Let ¥ = X b be a model. One of the most complete existing and published expressions of

prediction uncertainty is:
2
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With very few hypotheses, we calculate a new expression:

2
o,

B: Var (7) = (1 + %JbrVar(X)b +z"Var(b)z + Var(z "b) + N

Where: z is the spectrum centred against calibration set and Var represents the variance covariance
matrix. The main differences between the two expressions are: (i) The first term is more general in
expression B, as it takes into account the complete variance / covariance of X; (ii) The third term of
expression B is new; it represents a kind of covariance between the variations of z and those of b.
Material and methods: The terms of the two expressions were calculated on a dataset of N=385 x
10 repetitions of NIR spectra of feed, regressed against protein content.

Results: Table 1 reports the values of all terms of expressions A and B for several models, which
differ by the preprocessing. It shows that expression A always overestimates the prediction variance,
because it does not take into account systematic variance, due for example to the baselines. It is
also noticeable that the third term introduced by expression B is not at all negligible.

No prep 17LV 2der+SNV 16LV 2der 17LV SNV 18LV Detrend 17LV

Term 1 15.49 0.51 0.78 4.08 16.02

Expression Term 2 0.29 0.25 0.33 0.49 0.28
A Total 15.78 0.76 1.11 4.57 16.7
%Term1 98.2 67.1 70.3 89.3 98.2

%Term2 1.8 32.9 29.7 10.7 1.8

Term1 0.19 0.28 0.29 0.31 0.19

Term2 0.29 0.25 0.33 0.49 0.28

Expression Term3 0.09 0.07 0.10 0.19 0.09
B Total 0.57 0.60 0.72 0.99 0.56
%Term1 33.3 46.7 40.3 31.3 33.9

%Term2 50.9 1.7 45.8 49.5 50

%Term3 15.8 11.6 13.9 19.2 16.1

Table 1. Values of the terms according to the model

Conclusion: A new formulation for the estimation of the prediction variance, that is more suited to
the mathematical specificities of the spectral data, is proposed.
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The increased information available to the consumers together with the competition
following the institution of the Common Market (EU countries) has led safety,
nutritional value, eating characteristics, ethical, environmental, economic and social
aspects to be more and more important and essential topics for the food industry. In
a single word, there is an increasing demand for “quality”, as a primary criterion to
access the market.

Accordingly, a particular aspect of quality which has been gathering more and more
attention during the recent years is that of the typicity of the product. In fact, it has
been widely reported in the literature that the geographic, production and species
origin of a foodstuff are important variables regulating the overall quality of the
product. This issue has been recognized by the European Union by the introduction
of the Designations of Origin (PDO and PGI). The products which are labeled by
this Denomination must be produced in a well defined geographic area and
manufactured using only one or few specified botanical or animal varieties.

As a consequence, having accurate and precise analytical methods for the
traceability of the origin of a foodstuff is an issue that is becoming more and more
relevant. In this framework, while the possibility of identifying chemical markers of
geographic, production or species origin is currently being explored using different
fingerprinting techniques, it is widely recognized that, whatever the technique(s)
chosen, the use of mathematical and statistical methods (chemometrics) to process
the experimental data is essential to obtain a reliable authentication of the product.
In this communication, the successful use of different chemometric pattern
recognition methods for the traceability of food products will be presented.
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The advent of the -omics’ during the last years, has been a challenge for a big part
of the analytical chemistry community. Metabonomics in particular, has offered an
interesting way to describe and provide new insights into the modulation of
regulatory processes in complex biological systems. It provides a snapshot of the
combined effects of genetics and environmental factors that are reflected through
complex variations of the global metabolic profile.

The introduction of Nutrimetabonomics has provided a way to gain better
understanding on the regulation of metabolic pathways by nutrition. However,
changes experienced by the complex biological systems under nutritional
interventions are often subtle.

Metabolic profiling is currently performed using state-of-the-art high throughput
analytical methods such as 'H Nuclear Magnetic Resonance (NMR) and several
Mass Spectrometry (MS) based methodologies applied to biofluids and tissues. The
use of both profiling techniques has facilitated the generation of massive datasets,
making their analysis a real challenge.

RandomForests™ (Breiman 2002) is a classifier method based in an ensemble of
classification and regression trees (CART). The method is a modification of the
‘bagging’ approach, in which each tree is constructed independently by performing
bootstrapping on the dataset, and classification is achieved following a majority
voting scheme.

Its properties include a low overfitting rate, few parameters to adjust, robustness to
noise and its ability to provide feature ranking making Random Forests very
interesting for data analysis in Metabonomics. Some of the drawbacks, such the
probable decrease in performance for feature ranking on high dimensional data can
be addressed with the addition of a cumulative feature ranking criteria. The
possibilities of the method are demonstrated in the analysis of a set of UPLC-MS
data, from a nutritional intervention study.
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No doubt, today’s analytical atomic spectroscopists are increasingly attracted back to
molecular spectroscopy (e.g. to carry out chemical speciation), while recent
developments in atomic Spectrometry (AS) have also brought scientists form other fields
(e.g. Metallomics, Proteomics Nanotechnology, etc)to use AS tools and strategies.
Recent search for MS-based reliable quantifications not just for isotopes and atoms, but
also for small and big molecules and even for nanoparticles and nanostructures will be
discussed.

For small molecules, we have been able to design and construct a new MS set-up
enabling three different types of information: elemental (isotopes), fingerprints of the
compound (fragments) and molecular mass (molecular ion). This complete analytical
speciation in a single MS instrument is achieved by resorting to an innovative GD
ionization source (a p-second pulsed-glow discharge which provides three different
plasma regimes per pulse in time) coupled to a modified MS(TOF) as detector(1), most
successful for environmental speciation.

After an appropriate GC separation, with on-line organic compound furnace combustion
and final EI(MS) detection of formed enriched 'CO, molecules, the first generic
approach in GC to determine every organic compound separated in the column, without
the need for species-specific standards, has been demonstrated (2). Here, the molecular
information is preserved in the first injection (furnace off), but structure-specific response
of El sources can be then circumvented by on-line quantitative transformation of
organics to CO; (furnace combustion) and final isotope dilution analysis by EI (MS).

For much larger and polar molecules (e.g. proteins in biological systems), speciation is
better accomplished using a LC separation coupled to ICP-MS. Of course,
complementary well established “soft” ionization sources are desirable for
characterization (e.g. ESI- or MALDI-), but again they are species and matrix signal
dependent. A fundamental departure point from that situation may be the complementary
use of ICP-MS for peptides and intact proteins absolute determinations and even for
reliable enzyme activities quantitative assessment (3).

A further attractive step using ICP-MS is nanoparticles (NPs) and nanostructures
characterization. Modern tools for NPs elemental/molecular/size characterization (in
some aspects related to larger molecules speciation) are highly demanded and ICP-MS
can be used to study, with unprecedented accuracy and precision, the synthesis,
formation and stoichiometry of the nanoparticle core and shell, e.g. in quantum dots (4)
as well as bioconjugations of such NPs for protein quantitative analysis.

(1) A. Sola-Vazquez, A. Martin, J.M. Costa-Fernandez, R. Pereiro and A.Sanz-Medel. Analytical Chemistry, 81,
2591-2599, (2009).

(2) S. Cueto Diaz, J. Ruiz Encinar, A. Sanz-Medel and J.I. Garcia Alonso. Angewandte Chemie International
Edition, 48, 2561-2564, (2009).

(3) Y. Nuevo Ordofiez, M. Montes-Bayén, E. Blanco-Gonzalez, and A. Sanz-Medel. Analytical Chemistry, 82, 2387-
2394, (2010).

(4) A.R. Montoro Bustos, J. Ruiz Encinar, M.T. Fernandez-Argielles, J.M. Costa-Fernandez and A. Sanz-Medel.
Chemical Communications, 21, 3107-3109, (2009).
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THE ROLE OF ACCURATE MASS MEASUREMENT IN CHEMICAL,
ANALYTICAL AND MEDICAL MASS SPECTROMETRY

AG Brenton and AR Godfrey
Institute of Mass Spectrometry, College of Medicine, Swansea University, UK

E-mail: G.Brenton@swansea.ac.uk

High resolution mass spectrometry (MS) has become ever more accessible to the
analyst with continuous improvements to MS instrumentation, processing software
and analytical techniques. Recent advances in analyser technologies has seen
enhanced mass measurement accuracy with rapid analysis times, that have
focussed around time-of-flight and ion trapping with the Orbitrap analyser. Mass
spectrometry has become a central technology for analytical measurements
particularly as a superior detector for separation sciences and have become the de
facto standard in specific areas such as Proteomics and Pharmaceuticals. The role
of the mass spectrometer has never been so important and the utility of accurate
mass measurement confers additional power for qualitative measurements in
chemical, analytical and other branches of scientific measurement. The role of
accurate mass measurement will be reviewed with examples in chemical analysis.
Studies of large historical accurate mass data sets, over a range of MS
technologies will be described. Examples of recent applications of accurate mass
measurements for large inorganic complexes studied by matrix-assisted laser
desorption/ionisation, small molecule analysis, clinical applications e.g. siRNA, and
to analytical science as well as a novel application in sampling surfaces with a novel
liquid (aqueous) sampling probe. The statistical significance of small and large data
sets will be discussed along with recent approaches to improve the quality of data
and statistical methods to assess the quality of small data sets, for example, using
Bootstrapping techniques.
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ELEMENTAL AND ISOTOPIC ANALYSIS BY ICP MASS SPECTROMETRY
R. S. Houk

Ames Laboratory U. S. Dept. of Energy, Dept. of Chemistry, lowa State University,
Ames, USA

E-mail: rshouk@iastate.edu

A general description of the instrumentation for and scientific value of ICP-MS will
be presented, including a survey of new applications such as the search for new
superheavy elements. New research on several topics from the author's lab will be
described, including a) laser ablation for solid sampling, including description of the
effects of large particles on atom and ion formation in the plasma, and b) origins of
polyatomic ions formedduring laser ablation sample introduction.
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SPECTROSCOPIC CHARACTERIZATION OF FUNCTIONALIZED SURFACES
FOR LASER DESORPTION IONIZATION MASS SPECTROMETRY

R Pilolli', N Ditaranto’, B Mariano', A Monopoli', D Longano', A Nacci'?, N Cioffi"?

! Dipartimento di Chimica, Universita degli Studi di Bari Aldo Moro, Bari, Italy
2 CNR-ICCOM, Dipartimento di Chimica, Universita degli Studi di Bari Aldo Moro,
Bari, Italy
3 Centro Interdipartimentale S.M.A.R.T., Universita degli Studi di Bari Aldo Moro,
Bari, Italy

E-mail: longano@chimica.uniba.it

Nanomaterials play an emerging role in Laser Desorption lonization Mass
Spectrometry (LDI-MS) with the ultimate goal of overcoming some of the most
important limitations intrinsically related to the use of conventional organic matrices
in Matrix Assisted (MA) LDI-MS. In the last two decades, gold nanomaterials, in
particular, represented the preferential choice for such application, because of a
huge number of well-established synthetic routes and surface tailoring procedures
able to provide fully customizable nanomaterials.

In the present study, conjugated aryl- and naphtyl- thio-derivatives, i.e. 4-
mercaptonaphthalene-1,8-dicarboxylic acid and (E)-3-(4-mercaptophenyl)acrylic
acid, have been synthesized and characterized by means of UV-visible, fourier
transform infrared, and nuclear magnetic resonance spectroscopies.

Afterwards, the thio-derivatives have been used as covalent surface modifiers for
flat and nanostructured gold surfaces, by conventional functionalization approaches
based on Au-S linking chemistry. The functionalized surfaces have been thoroughly
characterized by mean of x-ray photoelectron spectroscopy (XPS) which provided
quantitative information about elemental composition and chemical speciation of the
outermost layers.

In perspective, the modified surfaces and nanomaterials will be applied as non-
conventional promoters in LDI-MS analysis of low molecular weight biomolecules,
such as amino acids and peptides.
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COMBINED USE OF *'P NUCLEAR MAGNETIC RESONANCE AND MASS
SPECTROMETRY TO STUDY '%0/'°0 ISOTOPE LABELING IN METABOLIC
NETWORKS AND OLIGO-PHOSPHATES

E. Nemutiu™®, N. Jurani¢?, S. Zhang', P. Dzeja', A. Terzi¢' and S. Macura®
"Division of Cardiovascular Diseases, Department of Medicine, 2Department of
Biochemistry and Molecular Biology, College of Medicine, Mayo Clinic, Rochester,
Minnesota, USA, and 3Department of Analytical Chemistry, Faculty of Pharmacy,
University of Hacettepe, Ankara, Turkey

E-mail: macura@mayo.edu

The "0 labeling technology is a very valuable tool for studying turnover rates of
phosphorylated metabolites and phosphotransfer dynamics in intact tissues. This
methodology is based on the incorporation of the "2 isotope from H2'®0 into Pi (by
ATP hydrolysis) and the subsequent distribution of ®0-labeled phosphoryls among
phosphate-carrying molecules. The influence of the 0 isotope effect on the
chemical shifts is readily visible in high-resolution 1D P NMR spectra of
phosphometabolites,1 thus enabling the quantification of major phosphometabolites
and their turnover rates by ®0-assisted *'P NMR spectroscopy.1’2 Recently we
made major improvements to '®O-assisted *'P NMR spectroscopy by identifying
intra-molecular correlations among '®0-labels via J-decoupled 2D P NMR
chemical shift correlation spectroscopy of the ®0-labeled metabolic oligo-
phosphates. The observed correlations in essence discern all isotopologues and
provide the means for accurate determination of 18O-Iabeling rates of equivalent
oxygen atoms within the di- or tri-g)hosphate moiety. Although the use of 2D
correlation maps greatly enhances ®0-assisted *'P NMR spectroscopy, its major
limitation is low sensitivity. On the other hand, mass spectrometry is very sensitive
for detecting 80 enrichment, but is unable to distinguish isotopomers and their
associated °O distribution within the observed phosphoryl fragments. Thus, we
used relatively insensitive, but isotopomer-selective, J-decoupled 2D P NMR
chemical shift correlation spectroscopy to calibrate very sensitive, but isotopomer
nonselective, MS. Such a combination may be useful for comprehensive evaluation
of muscle or cellular bioenergetics as well as phosphotransfer metabolomics and
fluxomics.

1. Cohn M, Hu A: PNAS 1978; 75(1):200-3
2. Pucar D, Dzeja PP, Bast P, et al.: JBC 2001; 276:44812-9.
3. Juranic N, Nemutlu E, Dzeja PP, et al.: J Biomol NMR 2011; in press.
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IN-SITU SERS SPECTROELECTROCHEMISTRY ON COPPER SUBSTRATE
M. Dendisova', M. Clupek’, G. Broncova', P. Matgjka'
1Depan‘ment of analytical chemistry, ICT Prague, Prague, Czech Republic

E-mail: Marcela.Dendisova@vscht.cz

Surface-enhanced Raman scattering (SERS) spectroscopy is a tool suitable for
detection of low amount of various analytes. An individual analyte has to be
adsorbed from solution onto surface by either physisorption or chemisorption. To
tune the adsorption of analytes and to study mixtures of analytes we developed
instrumentation which enables combination of Raman spectroscopy with
potentiostatic technique. An in-situ spectroelectrochemical cell was designed and
constructed at our department. The three-electrode cell is arranged for fibre-optic
Raman probe of Raman spectrometer Dimension P2 (excitation wavelength 785
nm). The SERS-active electrode is based on Pt target electrochemically coated by
copper (or another SERS-active metal). In our previous studies we demonstrated
that copper substrates are suitable for SERS spectroscopy exhibiting surface
enhancement factor higher than 10°. Copper is from chemical point of view more
reactive material than silver or gold that means a variety of analytes can be
chemisorbed.

The spectroelectrochemical cell was made from Teflon and equipped with (i) a salt
bridge for any suitable reference electrode, (ii) space for auxiliary electrode and (iii)
working electrode — modified Pt target with contact. Usually, the cell consisted of a
saturated Ag/AgCI reference electrode, a Pt plate with large surface area and a
nanostructured copper coated Pt working electrode. Different potentials were
applied between working and reference electrode for each of studied analytes.
Analytes were various organic derivatives with different functional groups, mainly
pharmacological materials and/or biomolecules (B-carotene, acetaminophene, etc.)
soluble in water and/or suitable organic solvent. Electrolytes were diluted solutions
of inorganic salts (KCIl, Na;SOs, etc.). It was observed that intensity of bands
depends on applied potential. Bands of analytes were evident usually at negative
potentials. We can measure reliably high-quality SERS spectra at bulk
concentration down to 10° mol.I"". Lower concentration will be tested further to
estimate the detection limit.
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OPTIMISATION OF SAMPLE PREPARATION AND WD-XRF MEASUREMENT IN
VERY SMALL-SIZED SAMPLES

M.F. Gazulla, S. Vicente, M. Ordufia, M.J. Ventura

Instituto de Tecnologia Ceramica. Asociaciéon de Investigacion de las Industrias
Cerémicas. Universitat Jaume |. Castellén, Spain

E-mail: marife.gazulla@itc.uji.es

The chemical characterisation of small-sized samples is of special interest in the
impurity analysis of raw materials, works of art, particle capture filters, forensic
analysis, and in any circumstance where very small-sized samples are involved.
These types of samples are customarily analysed by scanning electron microscopy
coupled with energy-dispersive X-ray (SEM-EDX) spectrometry, micro X-ray
fluorescence (u-XRF), inductively coupled plasma-mass spectrometry (ICP-MS)
itself, or in combination with laser ablation (LA-ICP-MS), in which qualitative or
semi-quantitative analyses are usually obtained.

This study was undertaken to develop a sample preparation and measurement
methodology that would allow wavelength-dispersive X-ray fluorescence (WD-XRF)
spectrometry to be used for precise and accurate quantitative analysis of small-
sized samples.

The work was conducted on samples prepared in the form of pellets and beads,
using specially designed dies, 6 mm in diameter, and studying sample preparation
conditions. The following variables were studied in bead preparation: minimum
quantity of sample, sample/flux ratio, working temperature, and fusion time. The
variables studied in pellet preparation were as follows: minimum quantity of sample,
sample/binder ratio, and pressing pressure. Measurement conditions were also
optimised: for example, analysis time was increased with respect to usual
measurement time in order to minimise the statistical counting error.

The developed methodology was validated by analysis of reference materials and
comparison with the usual working method.

The study shows that beads can be made with quantities of about 0.0150 g,
compared with the usual quantity of 0.5000 g sample, thus enabling 20 times less to
be used. It was further ascertained that pellets can be made with 0.1000 g,
compared with the usual quantity of 9.000 g sample, thus requiring 90 times less.
The developed methodology can therefore be used for quantitative chemical
analysis of very small-sized samples by WD-XRF.
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SURFACE-ENHANCED VIBRATIONAL SPECTROSCOPY AS A POWERFUL
TOOL FOR ANALYSIS OF PLANT LEAVES

P. Matéjka, Z. Cieslarova, M. Dendisova
Department of analytical chemistry, ICT Prague, Prague, Czech Republic

E-mail: Pavel.Matejka@vscht.cz

Surface-enhanced Raman scattering (SERS) and surface-enhanced infrared
absorption (SEIRA) are effects allowing vibrational spectroscopic detection and
identification of molecular species on nanostructured surfaces of several metals,
especially coin metals (Au, Ag and Cu). The species has to be deposited on the
surface by either physisorption or chemisorption to obtain spectral signals
enhanced of several orders of magnitude.

Previously, we demonstrated the potential of FT Raman and ATR spectroscopy for
direct monitoring of Norway spruce needles [1 — 3]. Recently we have used FT
Raman spectroscopy to analyse leaves of Salix alba L. and Populus nigra L. [4].
Bands of several components were identified, but the assignment of many other,
rather weak bands was difficult.

Hence, we decided to employ the techniques of surface-enhanced vibrational
spectroscopy (SEVS). We extracted the leaves with several volatile organic solvent
of different polarity and the extracted mixtures were deposited on gold and silver
SERS-active substrates prepared electrochemically on Pt targets. FT SERS and
SEIRA spectra were accumulated and evaluated chemometrically. Considering
pigments composition, the FT SERS spectra of extracts from polar solvents showed
bands of xanthophylls and chlorophyll, while in samples from nonpolar solvents
carotenes were evident. The components of waxy epicuticular layer were dominant
in SEIRA spectra. Furthermore, we explained the way of species adsorption
showing that the majority of compounds are physisorbed while only a few polar
species are chemisorbed.

[1]1 L. Mrnka, H. Tokarova, M. Vosatka, P. Matejka, Trees-Struct. Funct. 23 (2009)
887.

[2] P. Matejka, H. Tokarova, T. Pekarek, K. Volka, J. Mol. Struct. 661/662 (2003)
333-345.

[3] L. Pleserova, G. Budinova, K. Havirova, P. Matejka, F. Skacel, K. Volka, J. Mol.
Struct. 565/566 (2001) 311-315.

[4] L. Mrnka, M. Kuchar, Z. Cieslarova, P. Matejka, J. Szakova, P. Tlustos, M.
Vosatka, Water Air Soil Poll., submitted.
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ARCHAEOMETRY: SPECTROSCOPY MEETS ART AND ANTIQUITIES
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Ghent University, Department of archaeology, Ghent, Belgium
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Archaeometry is the challenging research field on the border between natural
sciences (analytical chemistry, geology, physics, etc.) and humanities (e.g.
archaeology, art history, conservation sciences, etc.). Recently, spectroscopic
examinations are increasingly frequently used for the study of archaeological
findings and art objects. By doing so, the research can contribute to questions
concerning, amongst others, provenancing, dating, authentication, conservation
science, etc.

During the last years, Raman spectroscopy is becoming into vogue for this type of
investigations, as several features of the technique are very favourable, such as the
ability to record spectra of inorganic as well as of organic substances, the analysis
at a micrometer scale and the possibility to perform in situ investigations. Apart from
the molecular information that can be gathered by this approach, combining the
results with data from X-Ray fluorescence analysis can be very advantageous.
Raman spectroscopy is increasingly popular as analytical technique in
archaeometry. Instrumental improvements make that Raman instrumentation is
increasingly available for the analysis of cultural heritage objects. Micro-samples
can be studied when the Raman spectrometer is coupled with a microscope; a
spatial resolution of ca. 1 ym can be reached, so that easily different pigment layers
or pigment grains can be distinguished. Moreover, mappings can be obtained
providing a molecular image of an area. As Raman spectroscopy is a non-
destructive technique and as small spectrometers with good spectral quality are
becoming available, it becomes possible to investigate art objects directly.

In recent research projects, Raman spectroscopy was combined with X-Ray
fluorescence. Thus, it was possible to maximise the information that was gathered,
while minimising the possible damage to the art objects. Micro-Raman
spectroscopy can be combined with micro-XRF measurements. Apart from these
laboratory investigations, mobile Raman equipment as well as mobile XRF
equipment is becoming available for archaeometrical research. These topics will be
illustrated with a broad range of examples from recent research.
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MULTIANALYTICAL INVESTIGATION OF MEDIEVAL POTTERY FROM
BRANICEVO, SERBIA

. Holclajtner-Antunovi¢?, D. Bajuk-Bogdanoic?, V. Biki¢® and M. Stojanovi¢®

@Faculty of PhySIca/ Chemistry, Belgrade, Serbia
®Institute of Archaeology, Belgrade,°National Museum Belgrade, Belgrade, Serbia

E-mail: ivanka@ffh.bg.ac.rs

Selected medieval pottery sherds excavated in BraniCevo, archaeological site in
east Serbia were investigated. Accordign the archaeological findings this pottery is
very valuable because of its clear context and Eremse dating in the period between
beginning of the 12" and the first half of the 13" century.

The analysis of archaeological pottery is a demanding task due to the complex and
inhomogeneous composition and different phases formed during thermal treatment
of natural raw material. Therefore mulianalytical approach including optical and
SEM microscopy, EDX, FTIR and micro-Raman spectroscopy was applied.

The ancient pottery technology (raw materials used and firing conditions of body
production) was discussed based on chemical and minerological composition. The
firing temperature of the non-calcareous clay past was estimated between 800 and
900° C in mainly oxidizing atmosphere. The very rich mineralogical composition
(about 30 minerals) was identified by the combination of FTIR and micro-Raman
spectroscopy. Using the body chemical and mineralogical composition, as starting
point, the glazing techniques were examined too. Two types of glazes were
identified, lead glaze and alkali glaze. Mixture of lead oxide and clay was applied
over the white slip (in sgraffito type decoration) or directly over the noncalcareous
body. A good correlation between the polymerization index derived from the Raman
spectra and the glaze composition was obtained and the firing temperature of the
glazes was estimated.
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X-RAY FLUORESCENCE ANALYSIS OF 16TH CENTURY ANTWERP MAIOLICA
TILES

L. Van de Voorde', M. Vandevijvere1’2, J. Van Pevenage1, B. Vekemans', P.
Vandenabeele® and L. Vincze'

"X-ra y Microspectroscopy and Imaging Research group, Department of Analytical
Chemlstry, Ghent University, Ghent (Belgium)
®Artesis University College, Antwerp (Belgium)
Department of Archaeology, Ghent University, Ghent (Belgium).

E-mail: Lien.vandevoorde@UGent.be

Maiolica is a generic term to cover all classes of Iead tin glazed soft-paste ceramic
pottery manufactured in Europe from the 13" century.  During our study,
experiments were conducted to obtain information on the elemental composition of
historically applied pigments and layered structure of painted maiolica tiles., with the
main goal of 1) gaining insight to specific compositional characteristics of samples
originating from different production sites and 2) better understanding of the
degradation processes involved.

The measurements were performed on a maiolica collection which consists of 33
archaeological fragments originating from four different historical production centra
in the city of Antwerp, Belgium. The micro-XRF spectra from these fragments were
collected using a high-performance EDAX EAGLE-III laboratory X-ray microprobe
equipped with a glass polycapillary lens as X-ray focusing optic. The obtained
qualitative micro-XRF information results in elemental fingerprints of the pigments
present on the surface of the different fragments. Due to the diverse nature and
heterogeneity of the examined maiolica samples, the use of quantitative XRF data
evaluation methods was also important. In this way, a database can be constructed
containing major/minor and in some cases trace-level elemental information from
each maiolica sample present in our collection.

In order to better understand the degradation processes occurring on maiolica
fragments as well as to extract corroborative information concerning the
compositional characteristics of the historically used pigments, the above described
laboratory micro-XRF measurements were complemented by in situ experiments.
The in situ measurements were performed on a unique malollca tlled floor (the only
known maiolica tiled floor in Belgium dating from the 16" century) of the
“Rameyenhof” Castle in Gestel, Belgium. A handheld XRF spectrometer (InnovX)
and a mobile Raman spectrometer (MARTA) were applied for the non-destructive
analysis of this unique and extremely precious floor in order to obtain chemical
compositional data during a measuring period of six days.

Results of the above described analysis will be presented.

Acknowledgements: The authors wish to thank Mr. and Mrs. De Gruyter, owners of
the “Rameyenhof” Castle, and Mr. Caignie, expert of historical maiolica tiles, for
granting access to the unique maiolica floor analyzed in the “Rameyenhof” Castle.
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PIGMENT IDENTIFIFCATION FROM ,,BATTLE OF GRUNWALD* PAINTING.
POSSIBILITIES AND LIMITATIONS OF USING LASER ABLATION
INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY FOR MAPPING OF
MICRO-SAMPLES
B.Wagner1, M.Donten1, B.Wrzosek1, A.Lewandowska®

Faculty of Chemistry, University of Warsaw, Warsaw, Poland
National Muzeum in Warsaw, Warsaw, Poland

E-mail: barbog@chem.uw.edu.pl

,Battle of Grunwald“ was painted by famous polish artist Jan Matejko, who devoted
nearly 6 years to create this oil on canvas and complete it in 1878. The artefact has
huge dimentions with the hight of 426 cm and bright equal to 987 cm. ,Battle of
Grunwald” has been exhibited in the Warsaw National Museum, Poland before the
conservation started in 2010.
Chemical identification of pigments was undertaken with the use of SEM-EDS,
Raman spectroscopy and LA-ICP-MS. Due to the high historic value only micro-
samples could be taken from the paintings therefore the collected micro-samples
were devoted to successive analysis with the use of chosen instrumental
techniques.
The preliminary results were obtained with SEM-EDS and Raman spectroscopy,
followed by LA-ICP-MS measurements. An ICP-MS ELAN 9000 (Perkin Elmer
SCIEX, Canada) equipped with the laser ablation system LSX-213 (CETAC, USA)
was used during the work. Each measurement cycle consited of multi-line laser
ablation and consequent ICP MS anal3/3|s W|th reglstratlon of tranS|ent S|zgnals for
the monltored |sotopes L| Msg ¥p, 325 ¢y, 3 Ca, *Ti,
¢y, ° *Co, © Cu 788e 85Rb 83y, 1A, 111Cd 83,
121Sb 137Ba 202Hg 208Pb ZOQB- 232-|—h 238U
An open ablation cell with small intrinsic volume (9 cm®) was used during laser
ablation executed directly from micro-samples of pigment mounted on a 12 mm
diameter stub. LA-ICP-MS allowed mapping of selected elements over the pre-
defined area of specimen. The wash out time of the ablated aerosol from the cell
was short enough to obtain the spatial resolution of the created elemental maps
sufficient for insepction of pigment micro-samples with diameters of c.a. 100-200
pum.
The developed approach of consecutive use of Raman spectroscopy, SEM-EDS
and LA-ICP-MS for analyzis the set of micro-samples collected from ,Battle of
Grunwald“ allowed reliable chemical identification of the pigments used by Jan
Matejko and enabled minimalization of sampling to the micro-destructive process.
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IDENTIFICATION OF PIGMENTS OF COLORED GLAZES ON SILVER LEAF
FROM THE BAROQUE PERIOD IN SERBIAN ORTODOX CHURCHES WITH
SEM-EDS TECHNIQUE

D.Korolija Crkvenjakov', J. Ranogajecz, M.Mari¢ Stojanovi(':3
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The baroque influences in the decoration of Serbian orthodox churches are well
documented in icon painting and woodcarving of the 18"™ century. However, the
colored glazes on gilding and silver leaf on iconostases and icons of this period are
mostly hidden under later over- paintings and therefore were not studied until
recently. This paper deals with the identification of pigments in three common colors
of glazes (on silver leaf): green, red and blue, using methods of optical microscopy
(OM) with reflected light and UV filters (FM) and electron microscopy (SEM
analysis) coupled with an EDS, energy dispersive spectroscope. The suitability of
these methods for the identification of inorganic and organic pigments is discussed.
The experimental results are interpreted based on the known optical properties and
chemical composition of historical pigments of the 18" century.
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A NEW TECHNIQUE BASED ON LED MULTISPECTRAL IMAGING AND
MULTIVARIATE ANALYSIS FOR MONITORING THE CONSERVATION STATE
OF DEAD SEA SCROLLS

M. Manfredi1, E. Marengo1, E. Robotti1, G. Bearmanz, F. France3, P. Shor*
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Alessandria, Italy
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*Director of the Dead Sea Scrolls Digitization Project, Israel Antiquities Authority,
Conservation Dept., Rockfeller Museum, Jerusalem
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This research is part of “The Dead Sea Scrolls Digitizing Project” of the Israel
Antiquity Authority, that involves also the Library of Congress (Washington D.C.,
USA) and the University of Eastern Piedmont (Italy).

The aim of this project is the development of a non-invasive technique based on
LED Multi-Spectral Imaging for monitoring the conservation of the Dead Sea Scrolls
collection. Imaging spectroscopy is similar to color photography, but each pixel is
described by many spectral bands, instead of just the three bands of the RGB color
model. LED light source allows to obtain high spectral quality and to reduce heat
and stress on the objects, as only the lowest possible amount of light necessary to
properly expose the objects to the spectral band of interest is generated. The aim of
the approach presented in the present article is the automatic detection of a
possible deterioration process, its localization and identification (which wavelengths
are interested), before the human eye can detect the damage or before greater
damages take place.

The technique uses multivariate analysis and statistical process control theory. All
the algorithms necessary for the treatment of the data were developed using
MATLAB (The MathWork, USA).

In the present case of study the monitoring of parchment was considered. Abrupt
changes in humidity and temperature, which may distort the surface and degrade its
appearance, are the worst enemies of parchment; the greatest problem is the
physical-chemical instability of the parchment due to its sensitivity with respect to
the binomial temperature-humidity.

The application of this technique to real cases was performed at the Imaging Lab of
the Library of Congress in Washington D.C., United States: the monitoring of an
accelerated degradation process of a sample of parchment similar to the Dead Sea
Scrolls was considered.
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CHALLENGES FOR THE RELIABLE QUANTIFICATION OF GENETICALLY
MODIFIED ORGANISMS BY PCR METHODS

H. Emons
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There is a strong public and regulatory demand in several parts of the world
regarding the labeling of products, mainly food and feed, with respect to their
content of artificially introduced genetic modifications. In the EU Regulation (EC)
1829/2003 lays down this requirement for genetically modified organisms (GMO)
which are authorised in accordance with Community legislation. Consequently
analytical laboratories, in particular the ones performing official food and feed
control, have to be able to detect, identify and quantify an increasing number of
GMOs in a variety of complex samples.

The current measurement principle of choice for GMO quantification is based on the
Polymerase Chain Reaction (PCR). It offers a number of advantages such as good
detection power. But the quantification of modified DNA fragments from crops such
as maize or cotton with sufficient reliability for legal decisions is a considerable
analytical challenge. For instance, it was assumed for many years that the
necessary calibration of real time—PCR methods is a straightforward procedure like
for many other measurement methods. But systematic investigations on a range of
well prepared GMO crop samples as well as on synthetic DNA fragments of various
kinds have shown in recent years also limitations of the approaches used so far.
Among others, the correlation between the quantification parameter of PCR, namely
the number of PCR cycles to pass a set fluorescence threshold, and the GM
concentration in the sample is not as theoretically predictable as assumed.
Moreover different biological factors such as varying DNA concentrations in
different parts of the crop and its zygosity can influence the accuracy of GMO
analysis. In addition different provisions about the measurement unit in various
legislations complicate the situation for analytical laboratories.

This presentation will outline the main analytical challenges in the quantification of
GM constituents in food and feed samples for laboratories using PCR methods. A
new systematic approach for the establishment of adequate reference
measurement systems, including the development of independent calibrants and
quality control materials, will be explained. Consequences for the performance of
PCR methods by experienced laboratories and the reliability of corresponding
analytical data for decision-making will be described as well.
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IDENTIFICATION OF CANDIDATE BIOMARKERS IN PROTEOMICS AND
GENOMICS BY MULTIVARIATE TOOLS

E. Robotti', D. Cecconi?, E. Marengo1
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E-mail: elisa.robotti@mfn.unipmn.it

The identification of pools of biomarkers is one of the leading research areas in
proteomics and genomics. The identification of biomarkers is usually carried out in
proteomics from the so-called spot volume datasets, produced from 2D gel-
electrophoresis, where each sample is described in terms of the volume of the
spots (i.e. proteins) present on the corresponding 2D-PAGE map; in genomics,
instead, this research is usually carried out on microarray datasets, where each
sample is described by the fluorescent intensity of a series of oligonucleotide
probes.

When the identification of candidate biomarkers has to be accomplished in such
cases, problems may arise related to the large number of spots present in each
map/microarray chip and the small number of samples available for each class
(control/pathological or control/treated). In spite of the multivariate structure of the
available data, monovariate approaches like Student t-tests are still used,
notwithstanding the classical approach does not take into account the relationships
existing between the variables.

In such cases the use of multivariate methods is necessary and the exploitation of
variable selection procedures provides a subset of possible biomarkers; this subset
has to be both reliable and exhaustive to identify all the proteins/probes responsible
for the differentiation between the groups of samples. The exhaustive search is
important above all in studies about the mechanism of action of a disease or a drug
rather than in diagnostic applications.

Different examples of multivariate analyses on proteomics and genomics datasets
are proposed here based on a Principal Component Analysis (PCA) approach
(Ranking-PCA) to provide a reliable set of candidate biomarkers. Examples will be
presented on proteomics datasets related to clinical (cancer) and food (meat
hanging) proteomics and genomics (Parkinson disease). Another example will
regard the identification of biomarkers in environmental proteomics from MALDI-
TOF spectra from control and chromium-treated mytili.
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DETERMINATION OF HISTAMINE IN FISH AND FISH PRODUCTS
BY HPLC/UV/MS WITH PRECOLUMN DERIVATIZATION

V.Stankov1, B.Maroganovi¢'
sp Laboratorija A.D., Becej, Serbia

E-mail: splaboratorija@sojaprotein.rs

A high-performance liquid chromatography system coupled with UV and single-
quad mass spectrometry detector was used for histamine determination in fish and
fish products after precolumn derivatization with dansyl-chloride. Due to matrix
effect which led to signal suppression on UV detector, mass spectrometric detection
with electrospray ionization (ESI) was used to enhance sensitivity and selectivity.
The stationary phase was Kromasil C18 (250x4.6mm,10pm) analytical column. The
mobile phase was a mixture of acetonitrile and 5% ammonium formate in ultrapure
water flowing under gradient elution. The flow rate was 1.00ml/min. and the
injection volume 40ul. The UV detector was set at 254nm. In the ESI source, high
purity nitrogen was employed as the nebulizer. The ESI probe temperature was set
at 400°C and the needle potential at 3kV. Positive ion mode full scan data
acquisition was made over the m/z 300-600 range. Calibration curve was made
using standard addition method by adding known amounts of histamine reference
standard (1, 3, 6, 12, 25 and 50 mg/l) to the sample.

For the determination of histamine it is necessary to homogenize the sample of fish
and fish products. It was measured 5g of homogenized sample and the extraction
was done with 10ml 0,2M perchloric acid. After centrifugation, 100ul of supernatant,
200pl of Na2COs and 400ul of dansyl chloride were added into the vial and left to
stand in a water bath at 60°C for 5min. Derivatization was stopped adding 100yl of
ammonium formate solution. In the aqueous extract was added 500ul of toluene
and the organic phase was evaporated under a stream of nitrogen. The pellet was
resuspended in 200ul of acetonitrile and 10ul of 5% formic acid in acetonitrile and
injected for LC analysis.

Validation of method was done in according to the EC Directive 96/23/EC
concerning the performance of analytical methods and the interpretation of results.
For all of the samples recoveries were from 97% to 101% and RSDs were smaller
than 2.2%.

The content of histamine in selected samples (frozen fish, paste and fillets,), which
were obtained from the Serbian market, were under the limit of quantification of
method, 10mg/kg.
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ANALYTICAL SCENARIO FOR THE INVESTIGATION OF
BIOTRANSFORMATIONS OF SELENIUM IN PLANTS
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Selenium is an essential element for the proper functioning of humans and animals.
This is due to its incorporation in proteins important for cell metabolism, known as
selenoproteins. Selenium, if present in a biologically active chemical form, affects
the elimination and inhibition of the formation of oxygen free radicals, thus
protecting cells from damage, aging and metabolic disorders.

Anticancer properties of selenium are of particular interest. Although the
mechanisms of its activities are not fully understood, a clear correlation between the
increased morbidity of cancer and the deficiencies of selenium in the diet was
noted. Several investigation on population from selenium-poor areas give a
statistically proved evidence that the selenium deficit increased cancer appearance,
when compare with the areas rich in this element. Therefore, all researches towards
development of dietary supplementation of selenium, which could compensate a
natural deficiency of selenium, are considered to be important.

It is expected that the consumption of vegetables, which have the ability of
biotransformation of selenium inorganic forms into its organic derivatives —
selenoaminoacids (in particular Se-methylselenocysteine), which are most
beneficial for humans, may play an important role in the prevention of cancer. It was
found that biotransformations of selenium depend mainly on the selenium
compounds used for the enrichment of plants.

The aim of this study was to evaluate the biotransformation of different selenium
inorganic precursors by onions (Allium cepa L.) grown hydroponically. In particular,
identification of selenium organic compounds in plants was of a great interest as
this allows understanding of the processes of biotransformation of selenium. In
order to evaluate the growth of onion roots and the mitotic activity in apical
meristem of roots, Allium Test was used.

The total content of selenium in various plant organs as well as in eluent obtained
with various media used for extraction, was determined after microwave-assisted
digestion in closed vessels followed by inductively coupled plasma mass
spectrometry (ICP-MS). High-performance liquid chromatography (HPLC), coupled
to an inductively coupled plasma mass spectrometry, was used for the selenium
speciation.

The developed and validated analytical scenario was used for the determination of
selenium and its compounds in plants organs, all towards evaluating the possible
mechanism of selenium biotransformation in onions grown under various
conditions.
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SENSORS APPLIED IN THE EVALUATION OF REACTIVE SPECIES EFFECTS
AND ANTIOXIDANTS PREVENTION
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Electrochemical sensors use in the evaluation of reactive oxygen species (ROS)
effects proved its versatility, being applicable to direct assessment of ROS (HO,
superoxide radicals and lipoperoxides radicals), to indirect evaluation of ROS
effects and to antioxidant prevention against ROS damage.

The aim of this work was to provide evidences on the bio-mimetic electrochemical
sensors suitability in evaluation ROS effects against suitable oxidizable substrates:
lipoproteins and phosphatidylcholine (PC) and in astaxanthin effect assessment
against oxidative stress. Main interest was devoted to the astaxanthin from H.
pluvialis.

The chosen oxidizable substrates were immobilized onto conductive supports, and
their ROS oxidation was monitored. The antioxidants effect was quantified with
respect to prevention of ROS damage.

Superoxide evolution was monitored at 0.6 +0.020 V. Astaxanthin superoxide
quenching property was evaluated compared with other recognized antioxidants
and the index of antioxidants efficacy against the radical was: astaxanthin (H.
Pluvialis)>b-carotene> astaxanthin standard > a-tocopherol.

For lipoperoxides (LOO’) monitoring, radicals (FR) thermo-generation was used.
FR induce structural modification of the lipidic layer- create lipo-peroxides- which
rise an electrical measurable signal at a potential of +0.395 +0.020 V. The
generated signal correlates linearly to the peroxidation degree, FR concentration
and damaging effect. The quantification was made as a difference on the signal
registered in the absence and in the presence of FR. The developed systems were
further applied to real samples. It was proven that astaxanthin from H. pluvialis has
higher preservative effect against lipo- peroxidation with respect to b-carotene, a-
tocgphero! and coenzyme Q1o on a concentration range of ROS from 10 molL™ to
10” molL"".

Combined use of cerium oxide nanoparticles as redox mediator enhaced the
sensors sensitivity.

Acknowledgement: The work was supported by projects Sensbiosyn (FP7-
232522/2009) and BIOMONOXSIS (PNII 62053/2008).



S9: Bioanalysis Il

HEN OR COCK? - SEXING OF CHICKEN EGGS BY INFRARED
SPECTROSCOPY
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Usually, it is not difficult to distinguish between female and male birds. Differences
in size and color of the plumage are clear external sexual characteristics. However,
it is very difficult or even impossible to determine the gender of a fertilized but
unincubated egg. Each year, billions of day-old layer chicks are produced in the
world. Male chicks are culled shortly after hatching because only female chicks are
reared for egg production. This is a serious problem, both in terms of animal welfare
and waste disposal.

Knowledge of egg’s gender would allow to select “female” eggs for breeding and to
avoid the culling of the male chicks. The gender of an egg can only be determined
by an investigation of the small germinal disc. The germinal disc contains already
several thousand blastoderm cells. The difference in DNA content between male
and female chicks is around 2 percent. In this contribution we demonstrate that
infrared spectroscopy in combination with sophisticated multivariate data analysis is
capable of characterizing of blastoderm cells and to determine the gender of the
egg. Just a small hole in the egg shell is required to characterize blastoderm cells.
Differences in the phosphate bands of nuclei acids allow a clear assignment of the
gender. The infrared spectroscopic gender determination led to the same result as
the goldstandard PCR analysis. This is important for future applications because
infrared spectroscopy is the only method accurate and rapid enough to be applied
in hatcheries to select only female chicken eggs and to avoid the killing of male
chicks.
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During the past decade considerable progress has been made in our understanding
of the fate of biogenic volatile organic compounds (BVOCs), including isoprene,
monoterpenes, and sesquiterpenes, which are emitted in large amounts from the
vegetation (estimated at 1150 TgCl/year globally) into the atmosphere. Secondary
organic aerosol (SOA) formation from the photooxidation (hydroxyl radical-initiated
reactions) of these BVOCs has been studied under atmospherically relevant
conditions, i.e., in the presence of NOx and sulfuric acid seed aerosol. Molecular
characterization of organic aerosol constituents is important because it allows one
to gain insights into aerosol sources and the underlying mechanisms of SOA
formation and transformation (or aging). Compounds that provide this valuable
information are called “tracers” or “markers”. In this lecture, emphasis will be given
to the chemical characterization of several novel SOA tracers from the
photooxidation of monoterpenes, including a-pinene, B-pinene, d-limonene, and A*-
carene, using liquid chromatography/negative ion electrospray ionization mass
spectrometry [LC/(—)ESI-MS], high-resolution MS, and detailed interpretation of MS
data, as well as, in some selected cases, through synthesis of reference
compounds. The structural elucidation of the following SOA tracers, which was
carried out in close international collaboration, will be addressed:

- 3-methyl-1,2,3-butanetricarboxylic acid, a higher-generation a-pinene SOA
product formed in the presence of NOx and a suitable tracer for aged biogenic
SOA;

- terpenylic acid and related lactone-containing terpenoic acids, early
photooxidation products; and

- di-esters formed between pinic acid and terpenylic acid, major high-MW
products in ambient aerosol from forested sites.

By now the major monoterpene SOA tracers in fine ambient aerosol from sites with
coniferous vegetation have been structurally characterized. This is a prerequisite to
develop quantitative LC/MS methodology and perform field studies in the future
where time series, day/night chemistry, and dependence on meteorological
parameters can be examined in more detail.
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DIRECT ANALYSIS IN REAL TIME MASS SPECTROMETRY
AND ITS PECULIARITIES IN THE ANALYSIS FROM SURFACES
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Direct Analysis in Real Time mass spectrometry (DART-MS) is now rapidly
emerging. Earlier, due to the horizontal supply of gas from the ionization source, the
introduction of samples, e.g., HPTLC/TLC plates as cut strips, was inconvenient
and resulted in low repeatability. Recently a new version of DART source was
suggested, which allows adjusting the angle of the gas stream. This extends the
capabilities of DART-MS due to the introduction of and access to wide surfaces.
Recently we explored the capabilities of DART-MS arising from the desorption at an
angle: scanning analysis of surfaces, including TLC-DART-MS, and a more
sensitive analysis due to the preliminary concentration of analytes on glass
surfaces. In order to select the most favorable conditions, proper positioning of
samples is important, therefore a simple and cheap technique for visualization of
the impact region of the DART gas stream onto a substrate was developed. A filter
paper or TLC plate, previously loaded with sugar, was immersed in a derivatization
solution. On this substrate, owed to the hot DART gas impact, the reaction to a
colored product occurred.

An improved capability of detection of DART-MS for the analysis of liquids was
demonstrated by applying large volumes of model solutions of coumaphos into little
glass vessels and drying these solutions prior to DART-MS analysis at ambient
conditions. This allowed the introduction of, by up to two orders of magnitude or
even more, increased analyte quantities as compared to the conventional DART-
MS analysis of liquids. Through this improved detectability, the capabilities of
DART-MS in trace analysis could be strengthened.

The results on DART-MS and HPTLC-DART-MS analysis of honey and propolis will
be reported. Peculiarities of analyte identification and quantitation using DART-MS
and HPTLC-DART-MS will be discussed.

This work was financially supported by the Council at the President of Russian
Feredation (grant # MK-594.2010.3).
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L. Abranké® and J. F. Garcia-Reyes®
@ Department of Applied Chemistry, Faculty of Food Science, Corvinus University of
Budapest, Budapest, Hungary
b Analytical Chemistry Research Group, Department of Physical and Analytical
Chemistry, University of Jaén, Jaén, Spain

*E-mail: laszlo.abranko@uni-corvinus.hu

Flavonoids are plant secondary metabolites, which when consumed by human they
have among others protective effect against cardiovascular diseases and certain
cancers. Flavonoids are mostly present in plants as glycoconjugates, i.e.,
conjugated to saccharides and organic acids. Having suitable information on the
conjugated forms is important because their bioavailability depend on the type of
moieties linked to the aglycone. In most MS screening methods the utilized
identification concept is based on mass difference calculations between the parent
ions and the fragments that have lost their substituents. In this study the developed
protocol is also based on neutral loss calculations, however an alternative approach
is introduced. The tentative identification is implemented using a bottom-up
hierarchical approach, which means the the structure of the sought glycoconjugate
is virtually built up from the core of the molecule based on observed diagnostic ions
without the need for any preliminary knowledge on the unknown intact compounds.
In this protocol in-source fragmentation plays a key role, since theoretically every
ion has the possibility to be fragmented and to provide diagnostic ions
simultaneously, without compromise on the analysis speed. Additionally, if in-source
fragmentation is utilized to generate diagnostic ions there is no need to preliminary
define the m/z values of the precursor ions we want to isolate and subject to
forthcoming fragmentation. lllustrative examples of the proposed approach for the
screening of flavonoid derivatives in real samples using ESI-QQQ-MS and ESI-
TOFMS will be given in the presentation.
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A FAST ANALYTICAL METHODOLOGY FOR THE DETERMINATION OF
VOLATILE BIOMARKERS IN SALIVA
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Saliva is a promising option for the diagnosing of various internal diseases and the
monitoring of therapeutic levels of drugs or illicit drug use. Futhermore, analysis of
saliva is useful to investigate external exposure to hazardous volatile organic
compounds. In comparison to blood and urine matrices, saliva has the advantage of
being non-invasively collected, being readily accessible with fewer confidentiality
concerns.

In the present work, we report a methodology for the rapid determination of
biomarkers of both, internal diseases and exposure to environmental pollutants.The
applicability of a non separative method based on direct coupling of a headspace
sampler with a mass spectrometer (HS-MS) is explored.The samples are subjected
to the headspace generation process and the volatiles generated are introduced
directly into the mass spectrometer, thereby obtaining a fingerprint of the sample
analyzed. The mass spectrum corresponding to the mass/charge (m/z) ratios
ranging beetween 45 and 160 atomic mass unit (amu) contains the information
related to the composition of the headspace and is used as the analytical signal for
the determination of the studied compounds.

Use a multilevel partial factorial desing permits the construction of a stable PLS 1
calibration model using 25 mixtures of the 5 studied compounds such that the
concentration of all of them are uncorrelated, thus obtaining the best prediction
results possible.The calibration standards were prepared in ultrapure water since no
matrix effect was detected in saliva samples.

The main advantage of the proposed methodology is that no prior chromatographic
separation and no sample manipulation are required. Sample preparation is
reduced to placing the saliva sample in the vial which reduces the analysis time and
the experimental errors associated with this step of the analytical process. The
results obtained were very similar to those provided with headspace-gas
chromatography-mass spectrometry (HS-GC-MS). The method is rapid, simple, and
in view of the results, highly suitable for detecting volatile biomarkers in saliva.
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ION MOBILITY — MASS SPECTROMETRY AS A NEW APPROACH FOR THE
SCREENING OF PESTICIDES RESIDUES IN FOOD
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Pesticide residue analysis requires methods that can determine hundreds of compounds
at low levels in complex food matrices. This challenge has given rise to multi residue
methods, the only efficient analytical approach. This type of analytical method entails a
“generic” extraction followed by a soft or no purification step to avoid any analytes
looses. With over a 1000 active compounds with different physical chemical properties,
gas and liquid chromatography are used as complementary separative techniques.

In the past decade, the determination has been performed on tandem mass analysers, a
powerful tool to overcome co-eluting compounds with excellent sensitivity. Nevertheless,
these instruments can guarantee these results per acquisition cycles for more or less
150 compounds. This represents a serious limitation when the number of pesticides to
be sought for monitoring and MRL enforcement is growing each year. As multiple
injections for the same sample is not viable for the laboratories, we need to have
alternatives options. We propose the investigation of ion mobility (IM) coupled with mass
spectrometry as a new tool for pesticide residue analysis in food.

lon mobility spectrometry experiments were performed on a Synapt HDMS G2
spectrometer (Waters, UK), which is similar to the Q-TOF instrument, except that the
hexapole collision cell is replaced by an ion mobility cell. This technique allows
separating an ion packet of a given mass to charge ratio by the mean of an electric field
applied to the ion mobility cell containing a neutral gas at a control pressure. Therefore,
for each ion you have additional information: the time required for an ion to travel
through the mobility cell.

Optimisation of IMS parameters was performed using experimental design (Plackett-
Burman and Central Composite Design) on a selected number of pesticides. The
optimized conditions allowed the discrimination between a couple of isobaric compounds
and some isomers. Two main classes of pesticides (organophosphorus and carbamates)
were also separated. lon mobility has the potential to separate target ions from matrix
background and other co-eluting compounds from liquid chromatography improving
signal to noise ratio of characteristic ions. This makes easier the identification process
(ions ratio, exact mass, fragmentation pathway, ...).

The advantages and drawbacks of this LC-IM-MS method for the identification of 190
pesticides in different food matrices will be discussed (the selection of compounds was
based on the official national and community monitoring programmes target list).



S$10: Mass Spectrometry

UTILIZATION OF ULTRA PERFORMANCE MASS SPECTROMETRY COUPLED
LC AND GC IN FOOD SAFETY ANALYSIS
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The promising performance parameters of ultra performance mass spectrometry -
mass resolution up to 100,000 (FWHM) and accurate mass data (<1 ppm) - are
enabled by utilizing a unique multi-reflecting time-of-flight mass spectrometry
technology referred to as a Folded Flight Path (FFP(TM). Key to this FFP
technology are the two opposing, high precision rectangular gridless ion mirrors and
an array of gridless periodic focusing elements separating them. The system
provides selectable high mass resolutions of between 1000 up to 100,000 by
offering different effective flight paths, The FFP system permits a long flight path in
a compact design (up to 64 reflections corresponding to 40 m flight path). Also, key
to the system is a novel high data acquisition speed hybrid detection system
providing high in-spectrum dynamic range (> 4 orders) that allows the fastest
separations to be measured with speeds of 200 full spectra/sec (written to the disc)
utilizing the full mass range. The gridless design permits high ion transmission
through the FFP flight tube resulting in high sensitivity and minimal signal loss with
increasing resolving power. The novel FFP technology enabls hyphenation not only
with the high-speed HR-GC, but also with ultra high pressure LC (UHPLC) to
provide separations, which meet current analytical demands — high-throughput
analyses with high mass accuracy.

In this contribution, targeted and non-targeted screening of a variety of analytes in
complex food and related matrices is studied by coupling FFP MS with high-speed
separation techniques. The real-life samples focused on the detection of pesticides,
herbicides, mycotoxins and other emerging environmental pollutants, such as
polychlorinated biphenyls (PCBs) and flame retardants (BDEs). The capabilities of
this technology (high resolution and mass accuracy) enabled the identification of
analytes using elemental composition based accurate mass analysis and isotopic
fine structure.
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Speciation analysis is aiming to define and quantify the distribution of an element
between the different species in which it occurs. The major problem of speciation
analysis is to maintain the original molecular integrity and the original distribution of
species through first steps of analysis including sampling, sample storage and
sample preparation. The ideal solution to this problem would be in situ analysis.
However, very few techniques provide the necessary selectivity and sensitivity
required for trace element speciation analysis. Coupled techniques combining the
separation power of a chromatographic or equivalent separation technique with the
detection power of the most sensitive atomic spectroscopic techniques are the most
applicable. Recent developments of some these techniques will be discussed.

For water samples the best sample preparation for speciation analysis is no
preparation at all or pH adjustment. The lecture will present these issues using
concrete research results with arsenic speciation analysis in water.
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Air composition is known to have a relevant impact on public health, on the
environment and on meteorology and climate. The chemical characterization of air
gas and aerosol fraction is used to monitor risks from exposition to polluted air and
to develop air transport and climate models. The reliability of conclusions about the
systems under study depends on the quality of the measurement results.

The ionic composition of the water soluble fraction of aerosols, assessed by lon
Chromatography, IC, is particularly useful to estimate the mineral composition of
aerosols of both natural and anthropogenic origins [1].

The assessment of trends in air composition must be supported on measurement
results traced to a common reference and reported with measurement uncertainty.
In this work, a metrological model has been developed for the determination of ion
composition of the atmospheric aerosols water soluble fraction according to an
operationally defined measurement procedure. The uncertainty associated with the
results is evaluated by the Differential Approach [2]. The metrological relevance of
individual analytical steps and effects has been identified. The uncertainty budget is
divided in the extraction, extract dilution and ionic chromatography quantification
components. The evaluation of the extraction step involved the estimation of the
intermediate precision from duplicate analysis of pooled urban aerosol samples
prepared from real samples to ensure homogeneity. The uncertainty associated
with the preparation of duplicate filters was considered.

[1] Jackson, P.E., 2000. lon Chromatography in Environmental Analysis in
Encyclopedia of Analytical Chemistry. John Wiley and Sons Ltd., Chichester, 2779-
2801.

[2] R.J.N.B. Silva, H. Figueiredo, J.R. Santos, M.F.G.F.C. Camdes, Anal. Chim.
Acta 477 (2003) 169-185.
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With a growing population and high standards of living come increasing pressures
on water resources. In 2000, the Water Framework Directive (WFD; [1]) was
adopted and since then, the European Commission has issued a number of
directives (e.g. the Marine Strategy Framework Directive, [2]) providing the
legislative framework for the protection of water resources.

The WFD stipulates that all Member States have to establish monitoring
programmes to assess the qualitative and quantitative status of natural water
bodies within the European Union. At the heart of such programmes are
measurements. Confidence in any assessment of water quality depends directly on
the quality of measurement data and it is the responsibility of monitoring institutions
to implement quality assurance/ quality control systems to guarantee that reported
results meet assured target levels of precision and bias, also in view of compliance
with legal limits. Accuracy, traceability and comparability of measurement data can
be ensured if appropriate certified reference materials (CRMs) are available for the
validation of analytical methods.

The role of the JRC-IRMM in supporting the WFD will be outlined and special
attention will be drawn to the development of water-based CRMs in response of the
needs of the laboratories charged with water quality monitoring. Of particular
importance are the materials ERM-CA615 (natural groundwater; material released
in 2010), ERM-CA713 (domestic wastewater) and ERM-CA403 (seawater). These
three materials are targeted to comply with the requirements laid down in Directive
2008/105/EC [3] and are (to be) certified for Cd, Hg, Ni and Pb, four metals on the
list of priority substances of the WFD for which the European Commission has set
stringent environmental quality standards.

[1] European Commission, Directive 2000/60/EC, OJ Eur. Comm. L 327
[2] European Commission, Directive 2008/56/EC, OJ Eur. Union L 164
[3] European Commission, Directive 2008/105/EC, OJ Eur. Union L 348
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Metoprolol is a widely used selective f-blocker. It has been found in various aquatic
environments. Even though adequate ecotoxicity data is not available, it is of
primary importance to obtain information about its fate in water matrices. The aim of
this work was to investigate the applicability of metoprolol degradation under UV
radiation, in the presence of Oz and under simultaneous influence of both O3/UV in
different waters (Danube and thermal water). It has been found that the degradation
rate depends on the type of the method used, as well as on the type of the matrix.
Influence of different waters is compared with degradation in deionized water. The
degradation is faster in natural waters using ozonation or UV-photolysis, but no
significant enhancement effect can be observed in case of their combination. To
elucidate the above effect, we performed ion analysis of mentioned waters based
on which we investigated the influence of different ions on the degradation of
metoprolol in deionized water. The degradation kinetics was monitored by
HPLC/DAD, TOC and ion chromatography.
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MONITORING AND MODELLING OF PRIORITY POLLUTANTS IN IRISH
WASTEWATERS

L. Jones, F. Regan
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In 2000 the Water Framework Directive (WFD), 2000/60/EC, was introduced and a
group of chemicals, including pesticides, polycyclic aromatic hydrocarbons, and
metals were chosen as priority pollutants according to Annex X. The levels of these
priority pollutants in the environment are regulated by set environmental quality
standards (EQSs) and are affected by a number of emission factors including
anthropogenic activities, population equivalents, and weather. In order for these
EQSs to be enforced, regular monitoring of all water bodies must be carried out, a
process which is both costly and time consuming. Waste water treatment directly
affects the quality of receiving water bodies and the environment. These facilities
must be operating properly to ensure removal of pollutants before outflow. It is also
important that sampling and extraction methods minimize any loss of sample,
employing strict controls where necessary.

We have developed a model defining emission levels relating to priority pollutants
occurrence in the environment. This is based on information collected from local
authorities, rainfall from Met Eireann, traffic data and road runoff and pollutant
levels in waste water treatment plant (WWTP) effluents. In order to evaluate the
model effluent samples have been collected from 8 WWTPs, both secondary and
tertiary, over a period of 2 years, including several weeks of summer and winter
high intensity sampling. These sampling periods take account of wet and dry
weather flow. Solid phase extraction, (SPE), is used in the sample preparation
process with subsequent analysis by gas and liquid chromatography (GC and LC)
with mass spectrometric detection (MS). These results have been incorporated into
the model, allowing for predictions of pollutant levels for certain emission factors.
Evidence is clear that usage criteria play a significant role in pollutant occurrence
and thus can help define a useful monitoring plan.
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COUNTERCURRENT CHROMATOGRAPHY AND RELATED TECHNIQUES IN
ENVIRONMENTAL ANALYSIS

P.S. Fedotov
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Rotating coiled columns (RCC) have been mainly applied to the separation of
organic and bioorganic solutes by countercurrent chromatography (CCC), a
support-free liquid-liquid chromatography. CCC methods for the extraction of trace
rare and rare earth elements from digested geological samples have been also
proposed, two-phase liquid systems with different solvents and extracting reagents
being employed. Recently it has been evaluated that RCC can be used for the
separation of both solutes and particles, not only in liquid—liquid systems but in
liquid-liquid—solid and liquid—solid systems as well. The use of a particulate
suspended matter as the stationary phase has opened a new door for
unconventional applications of RCC in the analysis of heterogeneous and solid
environmental samples.

A procedure has been developed for the direct recovery of toxic organic compounds
(polycyclic aromatic hydrocarbons, PAHs) from a sewage sludge medium in liquid—
liquid—solid systems. The recovery of PAHs from dried soil and sediment samples
becomes possible if liquid—solid systems are used. It has been shown that the
particulate samples can be successfully retained in the column and kept well mixed
and agitated whereas organic solvents or their mixtures are pumped through the
column. No clean-up step is needed before the subsequent HPLC-analysis of
extracts. Besides, the dynamic multistage extraction performed in the rotating
column at room temperature and normal pressure may have nearly the same
efficiency as accelerated batch solvent extraction repeated three times at 150°C
and 14 MPa.

A new approach to the dynamic fractionation of trace metals and metalloids in soils
and sediments has been also proposed. Different eluents (aqueous solutions of
acids, salts and complexing reagents) provides sequential extraction of trace
elements species according to their physicochemical mobility and potential
bioavailability. The method provides environmentally relevant data and is time
saving since it requires only 4-5 hours instead of several days needed for routine
batch sequential extraction. On-line coupling of leaching in RCC and ICP-AES
measurements is possible. The extraction curves facilitate the investigation of the
leaching kinetics and the study of trace and major elements associations.

RCC can be also used for the field-flow fractionation of micron and submicron
particles of different nature. In general, the proposed methods and approaches look
promising and can be further applied to inorganic, organic, and speciation analysis
of environmental samples.
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The systematic analysis of interactions of molecules with biological entities requires
the development and application of orchestrated experimental tools and analytical
methods, which allow a multi-parametric quantitative determination and imaging of
molecular events, molecular pathways, and molecular signals. Hence, in-situ
analysis at the level of live individual cells, ensembles of small biological entities,
and entire organisms with the required molecular selectivity, sensitivity, and
temporal/spatial resolution is needed. Recent research is directed towards
combined and modular measurement platforms for obtaining quantitative and
dynamic information. Towards these efforts, combinations of individual scanning
probe microscopy techniques such as combined atomic force-scanning
electrochemical microscopy (AFM-SECM) have been demonstrated [1]. Still,
optimized physical and chemical properties of such combined probes are a
prerequisite  for reliable simultaneous data acquisiton in AFM-SECM
measurements. Recent developments are targeted towards high-resolution
electrochemical imaging, novel electrode materials such as integrated boron-doped
diamond electrodes and integrated sensing schemes. Further developments include
combining scanning probe techniques with in-situ infrared attenuated total reflection
spectroscopy (IR-ATR) [3,4] for simultaneous spectroscopic access to surface
processes during topographical imaging.

An overview on the state-of-the-art, current challenges, and future potential of
developing such combined and modular measurement platforms will be presented.
Applications relevant to biomedical and material sciences of such combined
analytical techniques demonstrating the potential for nanobioanalytics will be
shown.

[1] C. E. Gardner, J.V. Macpherson, Anal. Chem., 2002, 74, 576A
[2] M. Brucherseifer, C. Kranz, B. Mizaikoff, Anal. Chem., 2007, 79, 8803
[3] L. Wang, J. Kowalik, B. Mizaikoff, C. Kranz, Anal. Chem., 2010, 82, 3139
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THERMALLY STIMULATED CURRENT SPECTROSCOPY AS A NEW TOOL IN
PHARMACEUTICAL MATERIALS SCIENCE

M. D. Antonijevi¢
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Recent developments in the pharmaceutical industry have led to an enormous
increase in the variety of dosage forms available to the formulator. The stability of
active compounds as well as the target site of the active material will govern the
selection of the dosage form which is used in a given case. The design of
pharmaceutical dosage forms requires not only a detailed knowledge of basic
physical and chemical principles and states of aggregation, but also an
understanding of the anomalies, transitions and interactions between different
states of matter.

Although an extensive number of techniques provide important information about
the phase transition processes and interactions between drugs and excipients,
new/alternative techniques are also frequently being used to identify previously
undetected transitions, interactions and reactions.

Thermally stimulated current (TSC) spectroscopy is a technique that monitors
motions of molecular dipoles induced by the influence of static electrical field as
sample is cooled or heated. Uniqueness of technique is in its ability to detect and
characterise molecular motions at sub-ambient temperatures as well as to detect
and characterise molecular mobility that cannot be detected by any other technique.
Maijority of materials examined using TSC reveal additional information which was
not previously reported in the literature but which may be of high importance in
understanding the properties of materials, as well as their interactions with other
molecules in pharmaceutical formulations.

Obtained results indicate that TSC is a useful tool for the detection and
characterisation of glass transition processes, polymorphic transitions and other
solid-state processes in pharmaceutical materials. Compared to other thermal
techniques, TSC shows greater sensitivity, especially in the case of energetically
weak transitions, and better resolution compared to dielectric analysis.

Ongoing research focuses on better understanding of molecular
arrangements/interactions in co-crystals, their stability as well as prediction of drug
excipient compatibility.
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SOLID-STATE LIGHT SOURCES: THE 21°" CENTURYLIGHT SOURCES FOR
MINIATURISED AND PORTABLE ANALYSIS?
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Solid-state light sources (SSLSs) based on semiconductor technology are expected
to become the light sources of the 21% century. Known as light emitting diodes
(LEDs) and laser diodes (LDs), SSLSs offer advantages in many areas. In
chemical analysis it is their compatibility with miniaturisation, robustness, low costs,
relatively low power consumption, negligent radiative heating as ‘cold’ light sources,
low optical noise, and operation in pulsed mode up to GHz frequencies.

The application range of SSLSs with focus on miniaturised analysis and separation
science will be illustrated by examples, including the use of LEDs and LDs for
optical detection (absorption-photometric and fluorimetric) in both research designs
and commercial instrumentation in microfluidic chips and on-capillary detection in
separations, with applications ranging from low-MW analytes to cells. The examples
will include the use of commercially available LEDs/LDs such as a 255 nm deep-
UV-LED, a high optical-power 470 nm LED, white LEDs as broad spectrum light
sources for spectrophotometry, a custom made optical fibre-coupled micro-LED-
array sources with integrated interference filter and simple low-cost experimental
alternatives to classical fluorescence imaging instrumentation shown in capillary
and microfluidic chip designs. The relevant features, strengths and limitations of
current LEDs and LDs and the future potential of the SSLS technology in particular
for miniaturised, portable and on-site analytical instrumentation will be discussed.
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LASER INDUCED BREAKDOWN SPECTROSCOPY WITH THE USE OF FAST
DIODE PUMPED SOLID STATE LASER

A. Kadenkin'?, J. Riedel', I.B. Gornushkin', U. Panne™?
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Recycling of materials became increasingly important in recent years because of
scarcity of resources and the associated development of raw material prices. The
first step of the recycling, the sorting of scrap requires a high sensitive and ultra-fast
analytical technique. For this purpose, Laser Induced Breakdown Spectroscopy
(LIBS) is perfectly suited because of its high sensitivity corresponding to the limits of
detection in the low ppm range, multi-element capacity, high throughput analysis
and the possibility of the analysis without sample preparation. In the current work
the possibilities of a novel type lasers, namely diode pumped solid state (DPSS)
lasers, as ablation/excitation sources for LIBS were studied for the high throughput
analysis of trace impurities in industrially relevant alloys like steel. In direct
comparison with the commonly used flash lamp pumped solid state (FLPSS) lasers,
DPSS lasers have lower pulse energy (typically < 1 mJ) but higher (up to several
100 kHz) and variable repetition rates. The latter allow for a faster online monitoring
as well as surface mapping of heterogenic scrap material. On top of the smaller
footprint of DPSS lasers, their low power consumption eliminates the necessity of
water cooling making these lasers ideal candidates for portable LIBS systems.

To make optimal use of these advantages, in the present study a DPSS laser was
used in combination with a novel, miniaturized Echelle spectrograph with high
spectral resolution. A set of conducted experiments revealed that despite the
significantly smaller, faster and more cost efficient setup the use of DPSS lasers
allows a direct and unambiguous classification of the samples. Beyond that, a direct
comparison with a conventional FLPSS laser setup showed that the figures of merit
were even better for the new setup. Likewise the limits of detection of the DPSS-
LIBS for the analytes studied were found to be in the low ppm range.
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A VISCOUS FILM SAMPLE CHAMBER FOR LASER ABLATION INDUCTIVELY
COUPLED PLASMA — MASS SPECTROMETRY

D. Monticelli’, D. Civati', R. Hergenréder?, E. L. Gurevich?, S. Recchia’
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Laser ablation - inductively coupled plasma - mass spectrometry (LA-ICP-MS) is a
powerful method to determine the elemental composition of solid-state samples as
it combines the high sensitivity and isotope selectivity of ICP-MS detection and the
simplicity of laser ablation sampling.

This technique enables rapid multiple sampling of the analysed material, such as
needed for mapping or in-depth profiling applications. However, the duration of
these measurements is practically restricted by time taken for the particle to be
transported from the sampling point to the ICP torch. Accordingly, several cell
configurations have been devised in the last decades, trying to combine high
removal rate, high efficiency (i.e. complete transport of the ablated material) and
reduced memory effects. These goals may be achieved by carefully designing the
geometry of the cell and its gas flow patterns. Recently, the implementation of a cell
based on a cyclonic gas flow reduced the removal time to around 30 ms. The latter
figure was nevertheless limited to the central part of the cell, whereas higher values
(around 1 second) were registered in the other cell positions. Aim of this
presentation is to introduce a new cell design which enables a homogeneous fast
removal (lower than 200 ms) from a cylindrical chamber with 70 mm diameter. Such
a result is achieved by combining the cyclonic flow pattern with an extraction tube
coaxial with the laser beam and thus constantly positioned on the ablation spot. The
cell sealing is warranted by a viscous film junction between the cell floor and cover.
Optimisation and performances of the apparatus will be discussed in detail together
with possible implementation of this design.
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A. Steck”, M. Spraul’, B. Schiitz', H. Schafer', F. Fang’
" Bruker BioSpin GmbH, NMR Application, Rheinstetten, Germany

E-mail: andrea.steck@bruker-biospin.de

Highly sophisticated developments in NMR technology and methodology, as well as
innovative integrated software solutions, have significantly pushed the limits of NMR
applications especially in the fields of natural product research, food quality control,
pharmaceuticals, medicine, or material sciences.

The very latest developments are presented in the context of a choice of advanced

NMR applications.

(1) Food quality control: based on a dedicated juice screening device, delivering
about 40 parameters from one measurement under full automation[”, the
methodology developed now can be transferred to quality/authenticity control of
wine or edible oil.

(2) Clinical research: NMR can help to diagnose metabolic disorders in newborns
and children”. With the BBIOREFCODE database of urinary metabolites, single
compounds like specific biomarkers can be identified by an automated routine.

(3) Natural products screening by LC-SPE-NMR/MS

(4) Complete Molecular Confidence and Assure: automated quantification and
structure verification for high throughput and automation workflows or mixture
analysis, small molecule structure elucidation, and impurity identification for raw
material screening can be significantly accelerated by the assistence of the
innovative NMR software tools.

(5) ... and more !

M M. Spraul, B. Schiitz, E. Humpfer, M. Mértter, H. Schafer, S. Koswig and P.
Rinke, Mixture analysis by NMR as applied to fruit juice quality control, Magn.
Reson. Chem. 47 (2009), pp. S130-S137.

€ MmA. Constantinou, E. Papakonstantinou, M. Spraul, S. Sevastiadou, C.
Costalos, M.A. Koupparis, K. Shulpis, A. Tsantili-Kakoulidou and E. Mikros, "H
NMR-based metabonomics for the diagnosis of inborn errors of metabolism in urine,
Anal. Chim. Acta 542, (2005), pp. 169-177.
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A key parameter in separation sciences relates to the selectivity term o But what
drives selectivity for chromatographic processes? Phenomenologically speaking
and simplifying, it is related to (minute) differences of intermolecular interactions of
the analyte molecules with the (chemically modified) surface in case of adsorption
chromatography but also to (minute) differences of distribution coefficients of the
analytes between two liquid media in case of partition chromatography. In both
cases one needs to deal with adjusted liquid mobile phase compositions which
become part of a “troika” describing the (physico)chemical properties of the
analytes, the surface (adsorbent or stagnant stationary phase) and of the mobile
phase components.

In reality one deals very often with mixed modal selectivity principles involving in
any case multiple solvation — de-solvation and re-solvation events in the course of
intermolecular interactions during the chromatographic process. Apart from all the
physico-chemical equilibria taking place in the chromatographic bead and in the
pores of the chemically modified particles (e.g. porous silica) the selectivity causing
events can be discussed on a molecular level and on molecular descriptors
associated with the chemical and spatial structure of the analytes (selectands, SAs)
and of the modified surface which may carry a special ligand (selector, SO). For
intermolecular interactions all types of forces can be envisioned spanning from the
strong to weak electrostatic, hydrogen bonding — hydrogen donating, and van der
Waals types. Their activity can be tuned by the mobile phase composition.
Following these straight forward concepts one can design separation systems
essentially selective for (very) large biomolecules as e.g. proteins, DNAs, glycanes
but seemingly for small molecules, and of particular interest are often also
stereoselective systems. For very polar compounds HILIC and ion exchangers
(including zwitterionic ones) have proven their exceptional suitability to solve
challenges where RP systems fail.

In this lecture | will try to pinpoint on the various effects on selectivity adjustments to
de-convolute interwoven effects. Representative examples highlighting inter alia
enantioslective separations but also monoclonal antibody purification will be shown.
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To satisfy the demand for fast and smart analytical systems a great interest has
been focused on novel biosensing devices and organic field-effect transistors
(OFETs) appear as a new emerging technology. OFET can electronically detect
analytes in vapour systems [1] and even chiral compounds at unprecedented low
concentrations [2]. Integration of membranes and proteins into electronic devices
involves cross-disciplinary effort and can be exploited as highly performing
recognition elements in electronic sensing devices. In this presentation an overview
of the Bio-FET sensors field will be presented showing the advancements of the last
years.

Recent achievements obtained with organic semiconductor FET biosensors
realized through the full integration in the electronic device of the biological
recognition elements will be also presented [3]. The coupling of the OTFT device
and the biological recognition system is actuated by assembling supra-molecular
structures in which biomolecules, such as membranes and proteins become an
integral part of the OTFT active material. Specific reactions (i.e receptor/analyte
binding) are then used for analyte detection. To perform the bio-sensing
measurements, the solution containing the analyte is deposited on the organic
semiconductor, or through a proper microfluidic system. Preliminary results show
that such bio-electronic devices can be very selective reaching detection limit (LOD)
in the low ppt range. In addition, such sensors allow for label-free detection.

[1] L. Torsi and A. Dodabalapur, Anal. Chem. 70, 381A-387A (2005).

[2] L. Torsi et al. Nat Mater., Vol. 7, page 412 — 417 (2008).

[3] L. Torsi, G. Palazzo, D. Angione, N. Cioffi, M. Magliulo, S. Cotrone, G.
Scamarcio, L. Sabbatini, A. Mallardi; European Patent. EP 10425146.7 — Submitted
May 2010.
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USE OF SYNCHROTRON TECHNIQUES TO STUDY THE ENVIRONMENTAL
IMPLICATIONS OF NANOPARTICLES IN THE ENVIRONMENT: THE CASE OF
TERRESTRIAL PLANTS
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The impact of metal nanoparticles (NPs) on biological systems is still not well
understood. The aim of this research was to determine the effects of zinc oxide
(Zn0O) and cerium oxide (CeO;) NPs in velvet mesquite (Prosopis juliflora-velutina).
Seedlings were in hydroponics with ZnO NPs (10 nm) and CeO2 NPs (10 nm) at
concentrations varying from 500 to 4000 mg L. Cerium and Zinc concentrations in
tissues were determined by ICP-OES ; while biotransformation and elemental
distribution were determined by XAS and uXRF, respectlvely The ICP-OES data
showed that plants exposed to 500 mg ZnO NPs L" had 3837 + 161, 1061 + 70,
and 423 + 77 mg Zn kg dwtin roots stems, and leaves, respectively. While plants
treated with 2000 mg CeO, NPs L™ had 4504 + 520, 935 + 90, and 438 + 121 mg
kg d wt in roots, stems, and leaves, respectively. None of the NPs reduced plant
growth. Synchrotron XANES spectra demonstrated clear evidence of the presence
of CeO, NPs within tissues but ZnO NPs were not observed. Furthermore Zn was
found as Zn(ll), resembling the spectra of Zn(NOs).. The Synchrotron puXRF
analysis confirmed the presence of Zn in the vascular system of roots and leaves of
ZnO NP treated plants.
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In this presentation, dynamic column-based fractionation is presented as a new
methodological approach for risk assessment of trace elements in environmental
solids. Different analytical techniques capitalized on the various generations of flow
analysis are overviewed and pros and cons for exploration of mobilizable metal
forms within the framework of environmental availability are critically discussed.
Limitations of earlier flow-based microcolumn fractionation methods in terms of
undue flow backpressure, lack of sample representativeness and impaired sample
throughput have been overcome in our research group by the exploitation of liquid
drivers enduring moderate pressures, the design of appropriate sample containers
and multiple-extraction automatic devices along with the extraction of samples
under fluidized-bed conditions [1,2]. In addition, automatic processing of leachates
by sorptive microextraction techniques involving bead-injection [3] and dispersed
carbon nanomaterials [4] fostered the reliable quantification of the most
ecotoxicologically significant forms of hazardous elements at the sub-ng/L level.
The lecture also summarizes novel applications of dynamic extraction/fractionation
as a valuable tool for investigation of the potential reuse of solid wastes (e.g.,
bottom ash) for civil engineering works [2,5], and for inferring whether or not
biomass (biofuel) resources might be fired in combustion devices.

References
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DISTRIBUTION OF HEAVY METALS AND NUTRIENTS IN DIFFERENT SIZE
FRACTIONS OF FLY ASH FROM BIOMASS INCINERATION
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Biomass (especially wood) counts as CO»-neutral fuel and is therefore increasingly
used for the generation of heat and electricity (transportation and pre-treatment of
the biomass not taken into account). After incineration, the inorganic components
remain as ashes (1-3% of the input mass).

Bottom and fly ashes contain nutrients for soils and plants (e.g. phosphorus,
potassium, calcium and magnesium) but especially the fly ashes are also loaded
with heavy metals. This restricts their use on agricultural used soils and in forests
and they are usually disposed.

In this investigation, fly ashes from an Upper Austrian biomass incinerator plant
have been separated in the lab with an air classifier into different grain size fractions
to study the distribution of pollutants and nutrients. All ashes (the original ashes and
the grain size fractions) were then digested in a microwave assisted digestion unit
with hydrochloric acid and nitric acid at around 200°C. For the determination of
metals ICP-OES (inductively coupled plasma optical emission spectroscopy) was
used.

It could be found that some elements (e.g. magnesium) are distributed
homogenously throughout the different grain size fractions of the fly ash whereas
others (e.g. cadmium and potassium) are found in higher concentrations in the finer
the ash fractions

These results are interesting in terms of recycling fly ashes from biomass
incineration processes as nowadays they are mostly disposed because of their high
heavy metal concentrations. By classification the fly ash can be split into a fine
fraction with higheer loads of heavy metals and a coarser fraction which could be
used as fertilizing agent for soils thereby reducing the necessary amount of
synthetic fertilizers. Also the costs for disposing of fly ashes are minimized.
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Petroleum extraction, an activity that generates considerable economic benefits,
can also bring various environmental impacts, one of which is associated with the
large amount of produced water discharged into aquatic environments. A particular
concern is that these discharges can contain significant concentrations of toxic
compounds including benzene, toluene, ethylbenzene and isomers of xylene
(together termed BTEX). One option that can be employed to minimize the
concentrations of these compounds entering the environment is to treat the water
prior to its discharge. The present work therefore investigates the potential of peat
and angico hardwood sawdust to remove BTEX from produced water. A sample of
produced water was collected from the Bonsucesso treatment plant, in the city of
Carmopolis, Brazil. Identification and quantification of BTEX compounds employed
purge and trap gas chromatography. In batch experiments, the removal capacities
using peat were 32.4, 50.0, 63.0, 67.8 and 61.8 % for benzene, toluene,
ethylbenzene, m,p-xylene and o-xylene, respectively. This compared with removal
capacities using angico sawdust of 20.2, 36.4, 52.8, 57.8 and 53.7 % for these
compounds, respectively, demonstrating the superior performance of the peat. The
optimized chromatography technique delivered accuracy exceeding 90 %, precision
better than 6 %, a linear correlation coefficient (r2) of 0.998, and limits of detection
and quantification of 0.09-0.18 ug L™ and 0.27-0.35 ug L™, respectively. This work
has demonstrated the considerable potential of alternative materials for efficient
removal of organic compounds from aqueous media.
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Stir bar sorptive extraction (SBSE) is a solventless sample technique introduced by
Baltussen et al. to extract organic analytes from environmental samples b¥ sorption
onto polydimethylsiloxane (PDMS) coated stir bars (also called Twisters M). This
technique has mainly been used for the analysis of contaminants in water samples.
With regard to soil samples, most applications reported require a previous
extraction step with techniques such as ultrasonic solvent extraction or pressurized
liquid extraction. The extract, previously diluted in water, is subjected to the SBSE
extraction process.

The aim of this study is to evaluate whether stir bar sorptive extraction can be
applied successfully for the extraction and determination of organic compounds
directly from soils without any organic solvent. Few references are available
concerning the extraction of pollutants directly in soil samples. To the best of our
knowledge, only Tan et al. have analyzed a range of endocrine disrupting
compounds in biosolid and sludge samples, using SBSE directly in solid samples.
As model analytes for this approach we have chosen parabens (methylparaben,
isopropylparaben, n-propylparaben, butylparaben and benzylparaben), triclosan
and methyl triclosan. An in situ derivatization reaction is also proposed, in order to
reduce the polarity of the target compounds. The methodoly proposed here offers
important advantages over the conventional extraction techniques, such as
minimizing sample handling, the complete elimination of the use of organic
solvents, and simplification of the analytical procedure, with reduced time
consumption. Additionally, the use of a derivatization reaction does not complicate
the process, since it occurs at the same time as extraction.
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TWISSELMANN EXTRACTION VS. ULTRASONICATION EXTRACTION FOR
ANALYSIS OF ORGANOPHOSPHORUS FLAME RETARDANTS IN SOILS

. Mihailovi¢"?, M. Vojinovié Miloradov', E. Fries?
1Depan‘ment of Environmental Engineering and Occupational Safety and Health,
Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia
%Institute of Environmental Systems Research, University of Osnabrueck,
Osnabrueck, Germany

E-mail: ivanamihajlovic@uns.ac.rs

Great global consumption of organophosphorus flame retardants (OFR) caused
increased concentration levels of these substances in nearly all environmental
compartments. A new methodology is presented for analyzing of OFRs in soil
samples. The extraction effectiveness of Twisselmann extraction and
ultrasonication extraction was compared by analyzing spiked soil samples with
toluene as a solvent. Soil extracts were evaporated to dryness, dissolved in a
mixture of methanol/tap water (1:14) and ultrasonicated for 60 min. Extracts were
filtered and analyzed by SPME/GC-MS.

High recoveries obtained by Twisselmann extraction ranged from 77.0% to 89.6%
(TnBP, TBEP, TCPP, and TCEP). Recoveries for TDCP and TPP were only 31.5%
and 42.0%, respectively (RSD 0.3-16.2%, n = 3). By ultrasonication recoveries were
three to four times lower (27.4% to 30.6%) than those obtained by Twisselmann
extraction, except for TDCP and TPP (RSD < 3 %, n=3). Longer extraction time with
hot toluene caused better extraction efficiency and thus Twisselmann extraction
was applied for analysis of soil samples collected from different sampling locations
to define input sources of OFRs in soils. Two chlorinated OFRs, TCEP and TCPP
were detected in all s0|I samples in concentration ranges of 0.7 - 13.5 ng g ! dwt
and 0.59 - 8.33 ng g ' dwt, respectively. The data indicated a positive correlation of
the TCEP concentration in soil with population density and rain on the day before
sampling. Results obtained within this study present the first data of OFRs in soil
samples and further analysis should be proceeded to investigate influence of dry
and wet deposition processes on the OFR concentrations in soil samples.
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OPTO-ELECTROCHEMICAL NANOSENSOR ARRAY FOR REMOTE DNA
DETECTION

N. Sojié
University of Bordeaux, Pessac, France

E-mail: sojic@enscbp.fr

We developed a DNA nanosensor array on an original optical platform. A coherent
bundle of 6,000 optical fibers is transformed in an ordered array of nanoelectrodes
which are then functionalized by electrocopolymerization of a thin polypyrrole film
including oligonucleotide (ODN) probes. The fabrication of the nanoelectrode array
has already been detailed elsewhere.(1) To obtain a multiplexed biochip, an
electrochemical cantilever has been used to deliver very small amount of solution
(2). The spots are realized by electrocopolymerization of pyrrole and pyrrole-ODN
monomers (3) in the limit of the picoliter drop on the conductive surface. The same
process is repeated with other probe-containing solutions at determined positions of
the plateform, and so different probes have been addressed onto the same
nanoelectrode array (4). It allows to obtain high-density DNA chips which are able
to perform remote fluorescence imaging with the advantages of ultramicroelectrode
properties. Since such nanostructured optical surfaces are efficient SERS
substrates (5), this approach could lead to new label-free plasmonic biosensors.

A) SEM image of the functionalized optical nanotips.
B) Image of ~400 spots deposited on nanostructured electrode.
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ADDRESSING THE ANALYTICAL CHALLENGES OF BIO-SENSING WITH
NANOMATERIALS AND NANOSTRUCTURES

N. Chaniotakis'", R. Buiculescu', M. Fouskaki', G. O'Neil?,
S. Kounaves?

1University of Crete-Greece, *Tufts University-USA

E-mail: nchan@chemistry.uoc.gr

The ability for direct, continuous selective and sensitive detection of large number of
bio-chemical substances is of high socio-economic significance. Most of these
substances, such as toxic compounds (gases, liquids), biomaterials (proteins,
enzymes, virus) and nutrients (nitrates perchlorates etc) need to be detected in-
vivo, or on-line and the results presented in real time. Two extreme such
environments are the surfaces of the planets, and the deep see. The technology of
biosensors and chemical sensors can cover these needs, assuming that they have
the desired analytical characteristics.

The continuous progress of nanotechnology in material science has led to the
development of nanostructure materials with unique chemical, physical, and
mechanical properties. Some of these unique properties are ideal for the
development of bio-chemically active nanosystems, with the desired selectivity and
detection limits that can allow for the direct, on-line or in-vivo monitoring of many life
sustaining or threatening substances. Even thought detection systems are usually
based on electrochemical transduction, nanomaterials are promising candidates for
the development of optically active systems, for a more direct and straight forward
transduction.

In this presentation we will present the latest achievements in the area of bio-sensor
design utilizing nanostructures. Emphasis will be placed on the development of bio-
chemical sensors that can be deployed on unmanned rover units for remote
sensing of substances and nutrients in the Mars planet, and for deep see research.
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MINIATURIZED ELECTROCHEMICAL SENSORS BASED ON SCREEN
PRINTED ELECTRODES WITH MOLECULAR IMPRINTED POLYMERS AS
BIOMIMETIC RECEPTORS
M. Pesavento, G. D'Agostino
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E-mail: maria.pesavento@unipv.it

Screen printed electrodes are convenient supports for biological and synthetical
receptors because they can be produced in a very reproducible and cost effective
way, and can be easily derivatized and implemented in miniaturized devices.
Molecular Imprinted Polymers (MIP) are synthetical receptors containing recognition
sites with recognition properties similar to those of natural receptors, while being
easier to prepare in a reproducible and low cost way. For these reasons they are
widely employed in electrochemical sensors with amperometric, voltammetric (1)
and potentiometric transduction (2).

In the present investigation two sensors for dopamine (DA) based on the same MIP
membrane, but with different electrochemical transduction methods, are compared
to investigate the respective merits:

- Voltammetry, based on an electrochemical platform integrating in the same
strip three planar electrodes, i.e. the working electrode made of carbon ink, the
counter electrode, made of carbon ink too, and the pseudo-reference electrode,
made of Ag ink. The cell was completely coated with the acrylic MIP, which
constitutes the actual electrolytic medium. The oxidation of DA present in the MIP
membrane is the reaction taking place at the working electrode, recorded by
Differential Pulse Voltammetry.

- Potentiometry, based on a planar carbon ink working electrode coated with
the same MIP membrane. The potentiometric signal comes from the selective
combination of the positively charged dopamine ion with MIP. The carbon ink
electrode was modified with a thick layer of multiwalled carbon nanotubes (MW-
CNT), similarly to what previously suggested for a conventional K-ISE (3). A non-
nernstian sensitivity of 30 mV/dec at DA concentration higher than about 10 pM.

In both transduction methods the MIP membrane was obtained by in situ
polymerization, as previously described (3), by dropping the polymerization mixture
directly on the carbon ink screen printed electrode.

V. Suryanarayanan, C-T. Wu, K-C. Ho, Electroanalysis 22 (2010) 1795.

T. Prasada Rao, R. Kala, Talanta 76 (2008) 485.

G.A. Crespo, S. Macho, F.X. Rius, Anal. Chem. 80 (2008) 1316

G. D’Agostino, G. Alberti, R. Biesuz, M. Pesavento, Biosens. Bioelectron. 22
(2006) 145.
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DEVELOPING OF ELECTROCHEMICAL SENSORS FOR THE REMOTE
SENSING OF HEAVY METALS: THE HYDRONET PROJECT

T. Noyhouzer, T. Shahar and D. Mandler*
Institute of Chemistry, The Hebrew University of Jerusalem, Jerusalem, Israel

E-mail: mandler@vms.huiji.ac.il

We have been involved in the development of remote controlled electrochemical
sensors for an autonomous marine robot in a European project called Hydronet.
Our goal has bee to develop sensors for the aqueous dissolved heavy metals
cadmium, mercury and chromate. The level of detection specified in the course of
the Hydronet project was very low in order to enable monitoring of non-polluted
aquatic systems.

The sensor for Cd(ll) was based on modifying a gold electrode with a
monomolecular layer of thiols and using the under potential deposition (UPD) of the
metal on this self-assembled monolayer (SAM). A series of short alkanethiol SAMs
bearing different end groups, i.e., sulfonate, carboxylate and ammonium, were
examined. Lowest level of detection (ca. 50 ng L_1) was achieved with a 3-
mercaptopropionic acid (MPA) monolayer using subtractive anodic square wave
voltammetry (SASV). Additional surface methods, namely, reductive desorption and
X-ray photoelectron spectroscopy, were applied to determine the interfacial
structure of the electrodeposited Cd on the modified electrodes. We conclude that
the deposited Cd forms a monoatomic layer, which bridges between the gold
surface and the alkanethiol monolayer associating with both the gold and the sulfur
atoms. This modified electrode was integrated as part of a flow system to be
assembled on the robot.

The second part will focus on the sensor for Hg(ll). The detection of very low levels
of this metal (below 1 ppb) in the field by remote sensing is not trivial. This was
based on modifying a glassy carbon electrode with thiol groups using the covalent
attachment of a diazonium derivative of phenyl disulfide. We showed very clearly
that the sensitive detection of mercury requires thiol groups on the electrode
surface. We will present the results obtained with this electrode and its
characterization.

We will describe how these two sensors are about to be integrated in the robot and
how the remote sensing will be carried out.
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DESIGN AND INTEGRATION OF OPTICAL SENSORS IN PORTABLE
INSTRUMENTS FOR GAS ANALYSIS

.M. Pérez de Vargas-Sansalvador®, A. Martinez-Olmos®, M.A. Carvajalb, A J.
Palma®, M.D. Fernandez-Ramos®, L.F. Capitan-Vallvey®

ECsens. ? Department of Analytical Chemistry. b Department of Electronics and
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The determination of gas components such as carbon dioxide and oxygen are
required in different fields such as environmental monitoring, biotechnology or
health. Furthermore, the ability to measure one or several analytes simultaneously
using portable instruments is an interesting field of research for in situ, low cost and
real time analysis.

We present the development and characterization of portable instrumentation with
different optical sensors. Sensing membranes have been designed and
characterized with conventional instrumentation and then, integrated in different
portable instruments which we have developed.

Instrument 1. Hand-held optical instrument for CO. in gas phase based on sensing
film coating optoelectronic elements.

Instrument 2. Compact optical instrument for simultaneous determination of O, y
CO; in gases.

Instrument 3. A probe for soil monitoring that allows the measurement of three
parameters: O, concentration, temperature and relative humidity of the interstitial air
in soil at root depth.

A complete analytical characterization of all the instruments, a study of possible
applications and a comparison between them have been carried out. The results
obtained with these new instruments are very promising for gas analysis in different
fields.
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TWO-DIMENSIONAL SPATIOTEMPORAL VISUALIZATION SYSTEM FOR
EXPIRED ETHANOL AFTER ORAL ADMINISTRATION

X. Wang', T. Arakawa?, H. Kudo?, K. Mitsubayashi**
1Tokyo Metropolitan Industrial Technology Research Institute, Kita-ku, Tokyo,
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?Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University,
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E-mail: wang.bdi@tmd.ac.jp and m.bdi@tmd.ac.jp

A novel 2-dimensional spatiotemporal visualization system for expired ethanol after
oral administration was constructed of enzyme immobilizated mesh substrate and
low level light CCD camera. Distribution of gaseous ethanol was transformed to
optical information with biocatalyst, and the optical information was recorded with
CCD camera as a movie. This system was useful for the component in expired
breath not only spatial but also temporal analysis in real-time and monitoring the
blood ethanol concentration non-invasive. First, the optimiation of the substrates for
visualization and the concentration of luminol solution for chemiluminescence (CL)
were investigated. Then, the effect of pH condition of Tris-HCI solution was also
evaluated with CL intensity, and the CL intensities detected by the system were
ralated to a wide calibration range of standard gaseous ethanol (30-400 ppm).
Finally, expired breath after oral administration of 5 healthy volunteers was
measured. The images of expired breath were analyzed and time-concentration
profiles of expired ethanol were obtained. The peaks of expired ethanol
concentration appeared within 30 min after oral administration. During the 30 min,
the time variation profile based on mean values showed the absorption and
distribution function, and the values onward showed the ellinination fuction. The
absorption and distribution of expired ethanol in 5 healthy subjects following first-
order absorption process were faster than elimination process, which proves
efficacious of the system for described alcohol metabolism in healthy subjects. The
system showed good performance in analysis of standard gaseous ethanol and
expired ethanol. Moreover, the system for expired breath can be used in
assessment of other expired air analysis by varying the enzyme for clinical purpose
in real-time.
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SOME PEOPLE AND INSTITUTIONS IMPORTANT IN THE HISTORY OF
ANALYTICAL CHEMISTRY IN SERBIA

D. Thorburn Burns " and S. Bojovi¢ 2
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2Faculty of Chemistry, University of Belgrade, Belgrade, Serbia

E-mail: d.t.burns@qub.ac.uk

The lecture will review the development of chemistry in Serbia from the end of the
Turkish occupation in 1830 up to near modern times. Two institutions were
important, namely the State Laboratory, which emerged from the State Pharmacy,
founded in 1836, in 1859, and the Lyceum. The Lyceum, founded in 1838 had in
1853 the first chemical laboratory in Serbia, it became the “Great School” in 1863
and after further reorganisation in 1905 becoming the University of Belgrade.
Chemistry was also an independent curriculum subject in the Military Academy of
Belgrade from 1850.

The contributions of the peoples associated with these institutions will be outlined,
including those of Michael Raskovi¢, Sima Lozani¢, Marko Thomas Leko and Vukic¢
Milovan Micovi¢. The circumstances of the foundation of the Serbian Chemical
Society in 1897, the world’s 10" oldest such society and its journals will be outlined.
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NEW OBSERVATIONS ON THE ISOTHERM AND KINETICS OF
MOLECULARLY IMPRINTED POLYMERS

B. Lorantfy, B. Toth, G. Horvai

Budapest University of Technology and Economics, Department of Inorganic and
Analytical Chemistry, HAS RGTAC, Budapest, Hungary

E-mail: george.horvai@mail.bme.hu

Molecularly imprinted polymers (MIP) are synthetic sorbents with unique selectivity
patterns. This property is due to their templated preparation in the presence of the
compound for which selectivity is sought. MIPs have been found useful in various
analytical techniques like SPE, HPLC, sensors and binding assays.

The equilibrium isotherms of MIPs have been often found to be nonlinear in every
concentration range, sometimes down to 10 M and below. This has made their
chromatographic application cumbersome. In SPE they have much more success
but method developers appear to ignore that even in SPE applications the
nonlinearity of the isotherm may have profound effects.

We show that static (batch) binding isotherms have limited usefulness in designing
dynamic methods with MIPs because the kinetics of MIPs can be quite sluggish on
the scale of hours and even days. Difficulties are encountered not only in the
measurement of the isotherms but also in their interpretation. The Freundlich and
the bilangmuir isotherm have often been found to fit well to MIP data. We have
succeeded to show that this is not accidental. To any Freundlich isotherm one can
fit one or even more bilangmuir isotherms with less than 10% deviation over three
orders of magnitude in equilibrium concentrations.

Due to the difficulties of obtaining reliable experimental isotherms and appropriate
isotherm equations we proposed some time ago to use the distribution coefficients
(D) as a useful quantity in designing analytical methods with MIPs. Obviously, D will
be concentration dependent and for this reason its use has not been widely
accepted. We can explain now by a simple mathematical derivation why D has a
particular role in characterizing MIPs.

Several applications of MIPs are based on competition between two compounds. In
HPLC, however, competition has not been observed with MIPs. Earlier we had
shown experimentally the competition on MIPs by the injection on a plateau
method. This time we have succeeded in finding the conditions when competition is
also visible in the elution chromatography of two-component injected samples. The
experimental evidence is also supported by simulation results.

References
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INTEGRATED APPROACH TO DETERMINATION OF HEAVY OIL RESIDUES
COMPOSITION

Maryutina T. A." 2, Zhmaeva E. V.", Musina N.S."?
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Complexity of heavy oil residues composition and structure makes their study a
difficult task.

At present the most informative and wide spread methods of heavy oil residues
analysis are FTIR spectroscopy, NMR, EPR, ICP-AES. But using the thermal
decomposition at the step of sample preparation changes the original sample
composition that leads to inaccurate results. That is why development of methods of
determing heavy oil residues composition is of great interest.

Authors of the work suggested and tested an integrated approach to analysis of
heavy oil residues composition. The procedure comprises adsorptive extraction
sample preparation following by GC-MS and TLC (thin layer chromatography), ICP-
AES qualitative analysis. Extraction was performed with Soxhlet apparatus
(extraction by accelerated dissolution) and shaker. The universal solvent suitable
for all analytical techniques listed has been selected.

To determine heavy oil residues microelement composition the optimal parameters
of operation of ICP-AES with direct injection of the sample dissolved in organic
solvents have been determined. Comparison of data obtained by using different
sample preparation methods (liquid-liquid extraction in rotating spiral column,
autoclave and microwave decomposition, dilution with organic solvents and ashing)
is presented.

To determine the group composition of heavy oil residues the optimal parameters of
operation of thin layer chromatograph “latroscan MK-6s” with flame-ionization
detector were found. Extent of heavy oil residues solution in toluene at the stage of
sample preparation was determined. The optimal composition of mobile phase as
well as mobile phase migration distance was determined. The mobile phase is a
mixtures of n-heptane - toluene and dichloremethane - methanol in the ratios
depending on physical-chemical properties of a sample. This method allows to
identify qualitatively and to estimate semi-quantitatively the content of asphaltenes,
polar resins, saturated hydrocarbons and three groups of aromatic hydrocarbons
(mono-, di-, poly-).

Data obtained on the composition of heavy oil residues from different oil refining
processes of enables finding the way of their further treatment and to turn them
from waste products to valuable feedstock.

Authors are grateful to Russian Science Support Foundation and Russian
Foundation for Basic Research for the support of this research (grant #09-03-
00757).
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ADVANCEMENT IN OPTIMIZATION ACHIEVED BY NEWLY DEVELOPED
CHROMATOGRAPHIC RESPONSE FUNCTION

T. Raki¢, B. Janci¢—Stojanovic¢
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This study presents a new chromatographic response function (Ncrr) that is
formulated here for the first time. It is developed in order to overcome the defects
that mathematical design of previously developed functions appeared to have, and
to provide a correct determination of the global optimal conditions in different
optimization procedures. The established function has improved concept of
separation and time term estimation allowing the analyst to adjust desired balance
between them. It overcomes the traditional shortages of objective functions: there is
no masking of poorly resolved peaks by high values of the resolution factor of the
well resolved ones and both non-Gaussian and Gaussian peaks can be evaluated
appropriately. Additionally, it reflects all important defects of the chromatogram such
as the appearance of asymmetrical or overlapping peaks, prolonged elution time
and possible peak tailings.

The obtained function was compared with previously published Morris’s
chromatographic exponential function (CEF) and Duarte’s chromatographic
response function (Dcrr) in the optimization strategy of raloxifene and its four
impurities  chromatographic  separation.  Thirty  experimentally  obtained
chromatograms defined by central composite design were considered. The
previously mentioned objective functions, including Ncrr, were calculated and
compared. Analyzing the obtained results the shortcomings of CEF and Dcrr were
reveled since they failed to rank the chromatograms appropriately. The Ncrr, on the
other hand, made the adequate ranking and demonstrated the ability to judge the
impact of the complex interactions of the selected chromatographic parameters on
the mixture behavior and led to the determination of the optimal separation
conditions. The newly developed chromatographic response function proved to
have advanced performances and it presents the important step forward in the
optimization of the chromatographic separation.
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A NEW GENERATION OF CAPILLARY COLUMNS FOR SEPARATION AND
SAMPLE TREATMENT: THE TITANIA (TiO2) MONOLITH

J. Randon, M. Abi Jaoudé
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Lyon, Bétiment Curien, Villeurbanne, France
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Recently, liquid chromatography performed on native titania (TiO2) beds has rapidly
emerged as a promising approach for selective purification and enrichment of
organophosphate. Titania offers a versatile selectivity owing to combined ion- and
ligand- exchange surface properties. In this context, latest challenges have
concerned the on-line integration of miniaturized titania columns with hyphenated
techniques. The first trend in micro-column technology was to develop capillary
columns packed with micro-sized (5um) titania particles. The second-generation
has introduced the open tubular design but suffers from low loading capacity due to
a reduced phase ratio compared to that of the packing design.

Nowadays, the advancements in the synthesis of titanium dioxide monoliths using
the sol-gel chemistry are leading the way for the integration of this material by in
situ synthesis within confined geometries with frit-free constructions. The 3D-
geometry of micrometer-sized skeletal network and interconnected flow-through
channels ensures the high permeability of these monoliths making them an
excellent compromise between the permeability and the loading capacity needed to
perform miniaturized sample enrichments for high throughput analysis.

Our study was focused on the elaboration of capillary titanium dioxide monoliths as
original miniaturized devices for selective capture and extraction of phosphorylated
compounds. The synthesis route of titania monoliths has been adapted to in-
capillary synthesis in order to afford adapted features for chromatographic. These
monoliths were used for the analysis of phosphorylated nucleotides as probe
molecules to evaluate their chromatographic characteristics, and were also applied
to the specific enrichment of phosphorylated molecules such as amino-acids and
pesticides for clinical and environmental applications.
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DISTRIBUTION AND SOURCES OF CARBON, POLYCYCLIC AROMATIC
HYDROCARBONS AND POLYCHLORINATED BIPHENYLS IN SLUDGE
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Sewage sludge is widely used as organic fertilizer in various countries. However,
the sludge are found to be contaminated with toxicants i.e. heavy metals, polycyclic
aromatic hydrocarbons, polychlorinated biphenyls, etc. at elevated levels.
Polychlorinated biphenyls (PCBs) are a group of chlorinated hydrocarbons widely
used for industry in many different applications. Some manufacturing processes
which involve hydrocarbons, chlorine and heat such as production of chlorinated
solvents, paints, printing inks, agricultural chemicals, plastics and detergent bars
also generate PCBs. Some data of PAHs and PCBs in the Indian ecosystem were
reported. In the present work, the contamination extent, distribution pattern and
sources of PAHs and PCBs congeners in steel plant, thermal power plant,
municipal and agricultural sludges of the industrialized area of the country, Raipur,
central India (21°8'24" N, 81° 22'48" E) is described. The sludge samples were
collected in the summer 2008. Twelve most toxic PAHs i.e. Phe, Ant, Fla,Pyr,Baa,
Cry,Bbf, Bkf, Bap, Dba, Bgh and Ind were characterized in the present
investigation. All sludge is black in color with of alkaline nature (pH = 8.1+£0.2). The
BC content was ranged (n = 5) from 7.5 — 9.0% with mean value of 8.4+0.7%.
However, the less OC, CC and PAHs contents were seen ranging from 180 — 610,
390 - 615 and 6.3 - 11.7 mg kg with mean value of 389+146, 466198 and 8.4+0. 5
mg kg respectively. Whereas PCB content was ranged from 161 — 800 ng kg
with mean value of 539+217 ng kg The high relative abundance (up to 84%) o
monochlorobiphenyls in the sludge was marked. Significant verticle mobility of the
PAHs was observed unlikely to PCBs. The speciation, stability and mobility of PCB
congeners are discussed with respect to nature of the sludge.

Acknowledgement: We are greatly thankful to the SAP, UGC, New Delhi for
financial support of this work.
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FLUORESCENCE CORRELATION SPECTROSCOPY - QUANTITATIVE
ANALYSIS WITH SINGLE-MOLECULE SENSITIVITY

V. Vukojevi¢
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Quantitative methods with ultimate, single-molecule sensitivity are indispensible
tools in any analytical application. One such method is Fluorescence Correlation
Spectroscopy (FCS). In FCS, the amplitude of spontaneous fluorescence intensity
fluctuations occurring in a diffraction limited observation volume element and the
time-dependent decay of the correlation of fluorescence fluctuations are analyzed to
yield quantitative information about molecular numbers, diffusion properties and
kinetics of chemical interactions. Since its insception in the early 70-thies [1-3], FCS
instrumentation and application are continuously developing [4-6] enabling us to
quantify the number of molecules, measure their transporting properties and study
the kinetics of molecular interactions in the crowded and dynamic environment of a
living cell [7].

The aim of this work is to present the theoretical background behind FCS and
discuss its application in biomedical research and analysis.
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INTERPRETATION OF ISOTOPIC DATA: THE CHALLENGING ASPECT OF
ISOTOPE RATIO MASS SPECTROMETRY?

N. Gentile1, D. Pazos1, L. Besson1, P. Esseiva1, 0. Delémont’

! Institut de Police Scientifique, Ecole des Sciences Criminelles, Université de
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The flourishing number of publications on the use of isotope ratio mass
spectrometry (IRMS) in forensic science denotes the enthusiasm and the attraction
generated by this technology. IRMS has demonstrated its potential to distinguish
samples of the same chemical nature and coming from different sources. Despite
the numerous applications of IRMS to a wide range of forensic materials, the central
aspect related to interpretation of isotopic data remains ambiguous. The isotopic
profile may be used as information to orientate investigations (forensic intelligence)
or as evidence in a prosecutorial perspective. However, in both cases, the meaning
of an isotopic similarity between two specimens or their undistinguishable profile is
often difficult to interpret.

The presentation demonstrates how interpretation of isotopic data is influenced by
the methodological approach undertaken in the study. Through a series of applied
examples, this contribution highlights the key role played by the definition of the
research problem in applications of IRMS to forensic materials. In a source
discrimination or source identity inference process, this stage is directly related to
the definition of the source in a hierarchy of propositions and, therefore, to the level
of source considered, i.e. geographical origin, synthesis pathway, manufacturers
level, etc. The impact of this step on the interpretation of isotopic results and on the
rest of the methodological process is more particularly exemplified for illicit drugs,
arsons and explosives.
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OPTIMIZATION AND VALIDATION OF A HS-SPME/GC-MS METHOD FOR THE
ANALYSIS OF RESIDUAL SOLVENT OCCLUDED IN COCAINE

J. G. Géngora, P. Esseiva, O. Délemont
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Lausanne, Batochime, Lausanne-Dorigny, Switzerland.
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Residual solvents (RS) occluded in cocaine powder has been becoming last years
an important issue in forensic drugs analysis for profiling/intelligent purposes. In
spite of the works related to RS analysis in matrices i.e. pharmaceuticals and
packing materials, developing a method in cocaine samples represents a complex
task due to two factors: the variability of the matrix composition as well as the
variability of the amount of RS occluded in depending on the manipulation previous
the seizure and on the substances employed for the production.

In this work, a generic analytical method is presented for 49 residual solvents in
cocaine by Headspace Solid-Phase Microextraction (HS-SPME) coupled to Gas
Chromatography Mass Spectrometry (GC-MS), using a
carboxen/polydimethylsiloxane (CAR/PDMS) SPME fiber. For this purpose, it was
necessary to study the signal response of RS in presence of a cocaine matrix
doped with adulterants and cutting agents most commonly used.

A critical step was to choice an adequate solvent capable of dissolving the target
analytes and providing no interference. Solvent selection was a great challenge due
to the different physical and chemical properties. Dimethylphtalate was chosen as
solvent taken into account, the chromatographic response, physical and chemical
properties and toxicity aspects.

HS-SPME extraction parameters (extraction time, extraction temperature and
desorption time) were optimized using a statistical design of experiments procedure
in order to obtain the optimal extraction conditions taking into account the
interdependence of these variables. The analytical method was validated in terms
of limits of detection and linearity, repeatability and reproducibility, and robutness.
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COMPARISON OF LIQUID LIQUID EXTRACTION (LLE) TO SAMPLE
DERIVATISATION FOR THE ANALYSIS AND QUANTIFICATION OF
AMPHETAMINE TYPE STIMULANT (ATS) BY GAS CHROMATOGRAPHY
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The fight of synthetic illicit drug (ATS) traffic is in continuous update and one of the
most recent initiatives is the monitoring of the ATS precursors in order to prevent
the ATS manufacturing. A contribution to this fight is furnished by the European
project DIRAC (rapid screening and identification of illegal drug by IR Absorption
spectroscopy and gas chromatography) which aims at developing a new advanced
sensor for detecting ATS drugs and their precursors.

The compounds used in the presented research study are the three principal ATS
compounds, MDMA (3,4-methylendioxymethylamphetamine), Methamphetamine
and Amphetamine as well as their main precursors: ephedrine, pseudoephedrine,
norephedrine, norpseudoephedrine.

One task of the project is dedicated to the development of a simple and reliable
analytical methodology to identify and quantify these substances.

GC-MS has been selected as the reference method considering it's potential to
analyse this kind of compounds. However analytes that are present in a salt form
need a sample treatment before to be injected.

In the presented results two sample preparation methods are investigated and
compared for such analytes. The first consists in the use of a derivatising agent
which transforms the salt compound into a product more suitable to be injected.
Unfortunately this procedure is not ideal for quantification purposes.

The second method relies on transformation of the salt compound into its
corresponding basic form following an extraction with an organic solvent (LLE). This
technique provides good quantification results however is not the ideal procedure
for a complete screening of street samples seizures.

The results demonstrate the complementarity and the comparability of the two
techniques as well as the added value of combing the information.

The research leading to the presented results has received funding from the
European Community's Seventh Framework Programme (FP7/2007-2013) under
grant agreement n° 242309.
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Analytical methods for trace silicon determination in biological samples is still one of
the most demanding tasks in analytical chemistry, despite its importance in medical
research, toxicity studies and quality control [1]. The main limitations are silicon
ubiquity and, consequently, a high risk of contamination, its low solubility in acid
media and the volatility of silicon tetrafluoride that can lead to losses during sample
preparation.

The main purpose of this study is to demonstrate that the difference of blood Si
concentration between the left and the right ventricle can be a marker of fresh water
drowning. For this purpose, it is necessary to quantify poorly soluble silicate fraction
and HNOs-soluble species. Both arise from diatoms, phyto-, geo-, zooplankton and
soluble silicon naturally present in drowning medium, pass from the alveoli into the
pulmonary capillaries and reach the left ventricle.

An accurate, precise and sensitive method for the determination of soluble Si in
whole blood based on microwave dissolution and DRC ICP-MS analysis has been
previously developed by our research group, and first significant results have been
recently presented [2]. Described hereafter is an alkaline high pressure microwave
assisted digestion procedure using tetramethylammonium hydroxide for total Si
determination. The silicon concentration of the digested samples was measured by
inductively coupled plasma (ICP-OES, ICP-MS).

Accuracy has been tested on fresh water plankton (CRM 414) with Si recovery
93(8)%, according to literature [3,4]. Possible influence of the matrix has been
investigated for whole blood, before and after spikes with SiO», diatomaceous earth
powder and CRM 414.

The procedure has been applied to blood samples from confirmed and suspected
drowning cases.

[1] B.A. Cavié-Vlasak, M.Thompson, D.C. Smith, Analyst 121 (1996) 53R

[2] F. Maraschi, M. Sturini, A. Vitale, L. Cucca, A. Profumo, G. Pierucci, XXII
Convegno Nazionale SCI di Chimica Analitica - Como, 12-16 Settembre 2010

[3] J. Sucharova, I. Suchara, Analytica Chimica Acta 576 (2006) 163

[4] Z. Arslan, N. Ertas, J.F. Tyson, P.C. Uden, E.R. Denoyer, Fresenius J. Anal.
Chem. 366 (2000) 273
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«PRACTICE OF FIRE DEBRIS ANALYSIS IN FORENSIC SCIENCE : A PLEA
FOR AN HOLISTIC APPROACH»
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Fire debris analysis is a forensic discipline widely carried out, generally applying
headspace extraction (with enrichment) followed GC-MS analysis. Deplorably, this
discipline has not been the subject of extensive studies or fundamental researches.
Most of the recent publications focus restrictively on a specific, yet important,
aspect of the process and fail to consider its implication in the overall approach of
fire debris analysis. There is a lack of global judgment on the mutual influence that
the different steps of the process have on the final results and the decision to
assess the presence of traces of an ignitable liquid in a matrix of complex and,
more often than not, uncertain nature.

In this presentation we advocate for a holistic approach of fire debris analysis. This
begins by the identification of the forensic problem for which data can be obtained
through analytical process. This problematic is the key starting point from which the
analytical strategy should be shaped. However, pressure to accreditation and de-
contextualization within forensic laboratories tend to hinder this delimitation of the
problem. However, on the basis of this step of specification of the problematic,
accurate extraction, separation and detection methods can be selected. Results
obtained after the separation-detection step (GC-MS) represent raw data that need
to be carefully evaluated by the light of the different parameters that influence them.
This requires the identification of these crucial parameters and the evaluation of the
potential impact that each of them could have in the specific case. This evaluation
process relies on a hypothetico-deductive reasoning that is seldom enlightened, if
even applied.

With examples, we aim to show how a too narrow view of the practice of fire debris
analysis can conduct to misleading or incomplete conclusions. We make a claim for
a holistic and informed approach of the application of analytical chemistry to fire
debris analysis in order to provide information useful in the perspective of the
forensic problem that must be answered.
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Microarray technology is known from DNA analysis since 30 years. Less known is
the usage of biochip and microarray. In its best configuration they represent a fully
automated analysis platform.

Such read-out system for analytical flow-through microarrays based on multiplexed
immunoassays has been developed. The (Munich) microarray chip reader (MCR 3)
is designed as a stand-alone platform (Kloth et al., 2009). The platform is a self-
contained system for the automated multiplexed immunoanalysis.The MCR 3 uses
a microarray chip, which consists of two channels for parallel measurement and
regeneration. One version is designed for parallel analysis of up to 15 different
antibiotics in milk applying an indirect competitive immunoassay. The chip surface
is regenerable for < 80 measurement cycles per chip. Assay time, incl.
regeneration, is 6 min.

Multianalyte test systems are currently of high interest for the monitoring and quality
control of drinking water, since microbiological methods are labor intensive and can
take days. The 1st flow-through chemiluminescence microarray was developed
and characterized for the rapid and simultaneous detection of Escherichia coli
0O157:H7, Salmonella typhimurium, and Legionella pneumophila in water samples.
The overall assay time was 13 min. In multianalyte experiments, DLs were 3 x 10°,
1 x 10°, and 3 x 10% cells/mL for S. typhimurium, L. pneumophila, and E. coli
0157:H7, resp. Combination with oligonucleotides as receptors has been
demonstrated recently by Donhauser et al. (2011).

References:

Donhauser, S., Niessner, R., Seidel, M., 2011. Anal. Chem., 83 (2011) 3153

Kloth, K., Niessner, R., Seidel, M., 2009. Biosens. & Bioelectron. 24, 2106.
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Nanoscience, Nanomaterials, Nanotechnologies and the integration of technologies
for Industrial Applications forms currently a key objective of the European Union
with primary concern about natural resources, food processing and distribution,
health issues, climate change and clean energy as some key issues. This can be
seen from the large number of research consortiums with current projects from the
European Commission where Nanotechnology is one of the main areas with a
budget reaching into millions of Euros. As a result micro- and nanosystems
technology with PAT, MPAT and NPAT become increasingly important in various
operations in real-time and new innovations linking the different PAT systems
successfully to these technologies may create fruitful solutions to the problems
above. The successful establishment of PATLAB in Bucharest, Romania may serve
as a catalyst for PAT, MPAT and NPAT. Different scenarios regarding the
innovation, development, implementation and application of nanotechnologies in the
flow domain of process analysis will be outlined. This will be compared with the
non-flow based domain. Careful attention will be given to the reality of nano- and
microfluidics as marketable applications with flow-based PAT, MPAT and NPAT,
the incorporations of micro- or/and nanosensors as detection devices and if real-
time is always possible. It will be discussed if there is any improvement in the
configuration and construction of downscaled chemically devices and if the
movements to remote sensing with innovation of high performance real-time
intelligent interactive multi-point multi-species process analytical technological
nano- and microsystems are possible. The reality of the current situation with
integration of these technologies from the benchtop to pilot plant to real industrial
applications with possible future solutions will be highlighted and outlined.
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The environment contamination by hazardous metals (Cd, Pb, etc.) of different
origin belongs to most important problems. They have to be transported into the
cells of living organisms (across the cell- and the subcellular membranes) to start
their activity. Elucidation of the transport mechanisms is prerequisite for
understanding distribution of pollutants in cells.

The research has been focused on investigation of transport across the
phospholipid membranes (ion channels, pores, etc.) and on characterization of the
forms in which the species are transported (free ions, charged and uncharged
complexes with biomolecules as e.g. low-molecular weight organic acids, cysteine
containing peptides or more complicated species [1-3]). The porous membranes or
agar layers have been utilized as supports. The real membranes were simulated by
various model supported phospholipid (lecithin, azolectin) bilayers and the real
transporters by polypeptidic ionophores (e.g., calcimycin, valinomycin).

Combination of two different techniques: electrochemical methods (e.g.,
electrochemical impedance spectroscopy (EIS), voltammetry, ion selective
electrodes (ISEs)) with electrospray-ionization mass spectrometry (ESI-MS) seems
to be highly suitable for the intended purposes and yields the unique information on
solution composition and on structure of the transported species on both sides of
the membrane barrier. Special attention has been devoted to the transport affecting
conditions (pH, electrolyte concentration, voltage, etc.).

Acknowledgements
The research was supported by GAAVCR (project 1AA400400806) and by GACR
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Quality determination of plants and plant-derived foods relies on implementation of
unbiased fingerprinting and profiling approaches in order to study overall
composition of a biological system. This approach has recently been popularized
as ‘metabolomics’, a sophisticated, but complicated technique due to the huge
diversity of metabolites in any given species. The objective of this project is to
address some of the challenges of metabolomics analysis with the use of SPME
and GCxGC-TOFMS to allow comprehensive metabolomic profiling of apples.
Among well-known advantages of SPME, the most important include generation of
representative sample extracts, generation of clean chromatograms and its
miniaturized format which causes minimum disturbance to the investigated system
allowing measurements to be performed in real-time/invivo manner, therefore,
eliminating the need for the sacrifice of biological systems. On the other hand,
GCxGC-TOFMS further increases the selectivity of determinations due to three
separation dimensions: i) non-polar first dimension column; ii) polar second
dimension column and iii) extremely sensitive and fast TOF mass spectrometric
detection. The optimized extraction method in this study involved the use of
DVB/CAR/PDMS SPME fibre coating which provided the least biased volatile and
semivolatile metabolite coverage and allowed the extraction of highest number of
metabolites across volatility and polarity range. For extraction of metabolites, the
SPME assemblies were implemented in headspace, direct and invivo sampling
modes. The traditional exvivo SPME sampling formats were accompanied by
appropriate metabolism quenching steps. Following sample preparation and
analysis, data processing was directed toward comparing three different SPME
modes of sampling in terms of metabolite coverage and precision. The results
obtained are indicative of great potential of non-invasive invivo SPME to provide
more comprehensive and more representative metabolism snapshoot, while at the
same time allowing for capture of true and unstable metabolite fraction.
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In non-target analysis, which is often performed in environmental analysis and food
research, the accurate identification and quantification of analytes represents one of
the key problems. For this purpose gas chromatography (GC) coupled with mass
spectrometry (MS) is the most commonly used technique. Since the number and
properties of the components to be determined are usually unknown it is difficult to
optimize separation conditions. At the same time qualitative and quantitative
determination is hindered due to the absence of standard materials.

The identification can be improved using their retention properties in addition to
their spectroscopic characteristics. A correlation between the chemical structure
and the retention property of the particular compound (quantitative structure
retention relationship - QSRR) was applied to approach these problems. The
thermodynamic values (DH, DS) which enable calculation of retention times for any
selected chromatographic condition were predicted from different types of molecular
descriptors using multiple-linear regression model.

The accurate quantification of unknown compounds is an even more difficult task
since there is no numerical model that enables theoretical calculations of MS
response factor for particular organic compound. Theoretical procedures based on
molecular similarity can be beneficial to overcome this problem. A quantitative
structure-property relationship (QSPR) model was applied for the prediction of MS
response factors and used for the quantification of ozone precursors present in the
atmosphere. Experimental MS response factors were obtained for more than 30
different saturated and unsaturated organic compounds containing carbon,
hydrogen and chlorine atoms. The prediction ability of the created model was
estimated by leave-one-out cross validation procedure. The error in the prediction of
response factors calculated by cross-validation procedure was around 15%.

The proposed procedure was applied for simultaneous qualitative and quantitative
determination of volatile organic compounds in the atmosphere.
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We have developed LC-ESI-MS/MS i LC-UV method for determination of
bioflavanons (rutin, hesperidin, hesperetin) in some food samples (red onion,
orange peel, honey and broccoli). Extraction of flavanons from food samples were
carried out with methanol. For determination of bioflavanons the post extraction
standard addition method was used, while the isolation of analytes from samples
was carried out on C18 SPE cartridge.

The analytes from extracts were separated by gradient elution method on RP-C18
column using mobile phase composed of solvent A: 2 wt% of acetic acid in water
and solvent B: acetonitrile. Mass detection was carried out in negative ion mode.
The precursor and major product ions of the analytes were monitored in selected
reaction mode (SRM) as follows rutin: (m/z) 609 — 301; 609 — 273; 609 — 257;
609 — 179, hesperidin: 609 — 343; 609 — 325; 609 — 174; 609 — 151,
hesperetin: 301 — 286; 301 — 244; 301 — 179; 301 — 151, and UV detection was
in spectral interval 260 — 280 nm. Peak resolution was higher than 1.8

Validation parameters obtained with solutions of standard substances, indicated
linearity range 0.05 — 10 ug/mL and recoveries between 95 — 97%, thus confirming
method suitability.

In the analysis of the real samples by standard additon method low detection limits
(calculated as three times standard deviation of non-spiked sample) between 0.014
—0.063 pg/mL were obtained with excellent recoveries (86 — 117 %).

Our resultes of analyses are in good agreement with the data from Food and
Agricultural Import Regulations and Standard Report (FAIRS) (USA).
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Instrumental analytical techniques are critical for improving our fundamental
understanding of environmental processes. In addition to the challenge of
environmentally relevant detection limits is the need for high temporal and spatial
resolution measurements. In this context there is a growing need for rapid and
reliable but relatively low cost techniques that can be remotely deployed to provide
high quality environmental data. This presentation describes the evolution of flow
injection (FI) based instrumentation for investigating the aquatic environment [1],
with particular focus on the powerful combination with chemiluminescence detection
(FI-CL). Key aspects of FI-CL systems will be discussed, including reaction
chemistry, detector design, analytical performance and sample presentation.
Several examples will be used to illustrate the impact of FI-CL techniques at the
interface between environmental analytical chemistry and biogeochemistry. FI-CL
manifolds for the determination of macronutrients (nitrate and phosphate) will be
described as sensitive alternatives to spectrophotometric detection. FI-CL manifolds
incorporating solid phase preconcentration columns will also be presented for the
determination of trace metal micronutrients (specifically iron and cobalt) in remote,
open ocean environments. These examples will demonstrate how FI-CL can
enhance our understanding of nutrient biogeochemistry and the link between
chemical and biological processes in aquatic systems.

[1] Flow analysis techniques for spatial and temporal measurement of nutrients in
aquatic systems, S. Gray, G. Hanrahan, |. McKelvie, A. Tappin, F. Tse and P.J.
Worsfold, Environmental Chemistry, 3, 3-18 (2006) doi: 10.1071/EN05059.
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Due to the massive application of detergents, surfactants are common pollutants of
surface water. Non-ionic surfactants (NS) are a significant component of the
surfactant stream. This group of surfactants exhibits the greatest variety of chemical
composition. Several hundred individual compounds can be present in a NS mixture
in surface water. Despite the fact that NS are relatively harmless to the aquatic
environment, thier fate in water and soil shoud be monitored.

The general pathways of NS biodegradation in the environment are known.
However, participation of different micro-organisms in this process is unknown. In
this work, NS biodegrdation by two bacteria strains isolated from activated sludge:
Pseudomonas fluorescens, Brevundimonas vesicularis, as well as two bacteria
strains originating from soil: Sphingomonas paucimobilis, Acinetobacter baumani
was investigated. The River Water Die-Away Test was used as a reference. Model
oxyethylated alcohol — surfactant C12E10 was used as a NS representative.
Biodegradation testing was performed in accordance with the modyfied OECD
301E Test. Residual NS and metabolite was isolated by liquid-liquid extraction with
chloroform. Liquid chromatography-tandem mass spectrometry (LC-MS-MS) with
electrospray ionisation was applied for metabolites identification and quantification.
Total current chromatograms, together with mass spectra were used both for
identification and quantification of analytes. A multiple reaction monitoring (MRM)
mass analysis was also used for quantification.

In all four instances, the w-oxidation of the oxyethylene chain with the carboxyl end-
group formation was found to be the major biodegradation pathway. Poly (ethylene
glygols) (PEG) formation was found to be a parallel pathway. This is a different
pathway to the predominant pathway, occuring in surface water, i.e. cetral fission
with predominant PEG formation. In all instances, the residual NS and metabilte
concentration changes during the 30 day biodegradation test were determined.
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A new and reliable analytical method for simultaneous determination of two
benzimidazole anthelmintics and their corresponding metabolites in liquid pig
manure at trace level was developed. Target compounds were fenbendazole with
its metabolites fenbendazole sulfoxide and fenbendazole sulfone as well as
flubendazole with six major metabolites mainly resulting from carbamate hydrolysis
or keton reduction in liquid pig manure. LC/MS/MS with electrospray ionization
(ESIl) and atmospheric pressure chemical ionization (APCI) was applied.
Identification focused on information dependent acquisition to define precursor and
product ions of the target compounds. Quantitation based on multiple reaction
monitoring (MRM). Different extraction procedures were tested, i.e., direct ethyl
acetate extraction at different pH values, lyophilisation followed by methanol
extraction and ultrasonic assisted extraction, then centrifugation followed by solid
phase extraction of the aqueous phases and methanol extraction of the solids after
freeze drying. Size exclusion chromatography (SEC) and solid phase extraction
(SPE) were used to clean up the raw extracts. As revealed by fortification
experiments, lowest quantitation limits of 2 ug kg'1 fresh manure with recoveries of
> 86% and relative standard deviations of < 10% were achieved when manure
samples were analyzed by LC/MS/MS-ESI+ after ethyl acetate extraction and two
clean up steps. The detection limits ranged from 0.5 to 0.9 ug kg'1. In order to
compensate matrix effects during LC/MS/MS analysis, matrix-matched calibration,
external and internal calibrations and standard addition techniques were studied.
Finally, this method was successfully applied for the analysis of real manure
samples from different sow and piglet farms.
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Pharmaceuticals are regarded as “emerging contaminants” in environmental
waters. Up to 95% of the administered dose can be excreted unmetabolized and
discharged into wastewater. Wastewater treatment plants (WWTPs) are not
designed to remove pharmaceuticals and consequently the efficiency of their
elimination can significantly vary. The majority of cities in Serbia do not have
WWTPs, and the municipal wastewater is directly released into environment. Due to
their high water solubility and often poor degradability, pharmaceuticals can pass
through all natural filtrations and reach ground, and ultimately drinking water. Since
cardiovascular drugs are among the most frequently used, their presence in waters
is especially important as their residues can induce unwanted effects. The sensitive
multiresidual method for analysis of eight most commonly used cardiovascular
drugs in Serbia (enalapril, cilazapril, metoprolol, bisoprolol, atorvastatin,
simvastatin, amlodipine, clopidogrel) was developed and optimized. Water samples
were prepared using solid-phase extraction (SPE) and extracts were analyzed by
liquid chromatography—ion trap—tandem mass spectrometry with electrospray
ionization in the positive ionization mode. Parameters that affect the SPE procedure
efficiency were optimized, as the elution solvents, the sample pH and the sample
volume. For each pharmaceutical, MS" analysis was performed and distinctive ions
and transitions were selected for identification and quantification, as well as for
confirmation purposes. Good recoveries (82-108%) were achieved with this
method, except in the case of bisoprolol (28%). The analytical method was
successfully applied in analysis of four river water samples collected in Serbia, as
well as nine corresponding ground water samples. The residues of enalapril,
atorvastatin and simvastatin were detected in river water. These drugs were not
detected in corresponding ground water samples indicating that the bank filtration
successfully eliminates pharmaceutical residues from water and prevents leaching
from surface to ground water. In addition, in order to estimate the removal rate of
cardiovascular drugs, influents and effluents of two WWTPs were analyzed.
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MICROEXTRACTION BY PACKED SORBENT (MEPS) FOR THE ANALYSIS OF
PHARMACEUTICAL RESIDUES IN ENVIRONMENTAL WATER SAMPLES BY
GAS CHROMATOGRAPHY-MASS SPECTROMETRY
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Microextraction by packed sorbent (MEPS) is a technique introduced in 2003 by
Abdel-Rehim. It is based on the miniaturization of conventional solid phase
extraction (SPE). Extraction time, sample size and solvent volumes are
considerably reduced and the elution extract is directly compatible with liquid
chromatography, gas chromatography or capillary electrophoresis. The sorbent can
be reused with an adequate washing and reconditioning to avoid carry-over and to
keep the adsoption power of the solid phase. To compensate for matrix effect, and
variability in extraction and instrumental parameters an internal standard is
frequently used.

MEPS has been mainly used for determination of analytes in biological fluids, but
there are less applications reported in environmental samples. In this study the
development of a procedure for determination of five non-steroidal anti-
inflammatory drugs (NSAIDs: clofibric acid, ibuprofen, naproxen, diclofenac and
ketoprofen) in waters is described. The fully automated method includes in situ
aqueous derivatization followed by analytes enrichment by MEPS coupled directly
to programmed temperature vaporizer-gas chromatography-mass spectrometry.
The MEPS variables, such as sample volume, elution solvent, elution volume, fill
and injection speed and washing steps were optimized. The MEPS applied polymer
(silica-C18) could be used up to 250 times. Ibuprofen-d3 was used as internal
standard. The reproducibility of the method, calculated as relative standard
deviation was below 10% for all compounds. Detection limits were between 0.030
and 0.13 ug/L for ibuprofen and ketoprofen, respectively. The developed method
was applied to the determination of NSAIDs in several environmental water
samples, including river, sea and influent and effluent waste water.
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ANALYSIS OF 11 OXY-PAHs ON ATMOSPHERIC PARTICULATE MATTER BY
ADVANCED SOLVENT EXTRACTION AND HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY MAGNETIC SECTOR MASS SPECTROMETRY: METHOD
DEVELOPMENT, CONCENTRATION LEVELS IN FLANDERS AND HEALTH
EFFECTS
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In this work, a HPLC — high resolution mass spectrometry based method was
developed for the analysis of 11 oxy-PAHs [1] (including benzo[a]pyrenediones)
sorbed onto airborne particulate matter (PMig). A magnetic sector mass
spectrometer was used, operated in multiple ion detection. The different steps of
the analytical method: sample preparation, separation and detection were
systematically investigated.

Pressurized liquid extraction (PLE) was evaluated as an advanced sample
extraction technique and was compared to ultrasonic extraction (UE). Ethyl acetate
was used as the extraction solvent and both techniques showed high recoveries
from spiked quartz fiber filters (PLE: >82%; USE: >67%). The effect of the matrix on
both recovery and ionization process was studied, resulting in high recoveries
(>76%) and no significant disturbance of the ionization process. Through
optimization of the chromatographic and mass spectrometric parameters, method
detection limits between 1 and 160 pg/m?® were obtained.

Finally, the method was used for the analysis of real PM samples collected at
several urban and rural locations in the Antwerp Area, Belgium, in the vicinity of
homes for the elderly. Concentration levels (2 pg/m® to 2 ng/m3) obtained were
compared to other studies and were linked to changes in pulse pressure, a
predictive marker of adverse cardiovascular events in elderly, living in these homes.

[1] Walgraeve et al. (2010). Atmospheric Environment 44, 1831-1846.
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In this presentation, two sources will figure prominently: a flowing atmospheric-
pressure afterglow (FAPA) useful for ambient mass spectrometry, and a solution-
cathode glow discharge (SCGD), applied to the determination of trace-metal
concentrations in solution. “Ambient Mass Spectrometry” is a relatively new field
aimed at obtaining the mass spectra of samples as they are, and in the open
atmosphere. In our work, we have found that the effluent from an atmospheric-
pressure helium discharge is capable not only of ionizing sample species, but also
of desorbing them from solids, solutions, or liquids. The new source has
applications in bioanalysis, forensics, and homeland security.

The second source is also an atmospheric-pressure glow discharge, but with a
sample solution serving as the cathode. Similar to the well-known ELCAD, the
SCGD offers lower detection limits and faster sample processing. Here,
fundamental features of the SCGD will be highlighted and new areas of application
explored.

A mass spectrometer to be discussed is based on a “Distance-of-flight” (DOF)
concept. Similar in design to a time-of-flight mass spectrometer (TOFMS), the
DOFMS employs not a single detector at the end of a flight tube, but rather an array
of detectors positioned alongside the flight region. Before the lightest ion of interest
leaves the flight tube (where in TOFMS it would encounter the detector), the ions
are pushed in a direction perpendicular to their original direction of travel, where
they encounter the spatially resolved detector. Unlike a sector-field spectrometer,
the DOFMS design has no theoretical upper mass limit. And unlike a TOFMS, the
DOFMS system offers truly simultaneous detection, high duty factor, and a much
broader linear dynamic range. Its early application to isotope analysis will be
featured.
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BIOLOGICAL TRACE ELEMENT ANALYSIS: SPECIATION AND
METALLOMICS
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The analysis for trace elements and specific metal-containing contaminants in
biological systems has been reaching maturity. The incoming challenge is the
development of analytical methods to describe interactions of metals with
biomolecules which constitute the genome, proteome, metabolome and other —
omes in a cell, tissue or organism. Advances in analytical methods for trace
element analysis in life sciences have brought the emergence of new research
areas aiming at the description of metal interactions with biomolecules; the terms
metalloproteomics, metallometabollomics or simply metallomics have been coined.
Advances in these areas focus on the development and improvement of methods
for the detection, quantification, identification and characterization of complexes of
metals (metalloids) at trace levels in an environment rich in biomolecules which
often have similar physicochemical properties. Hyphenated techniques based on
the coupling of a high resolution separation technique, such as HPLC, capillary
electrophoresis of gel electrophoresis with elemental (ICP MS) and molecular (ES
MS/MS) mass spectrometry offer the possibility of high-throughput acquisition of
metallomics information in many biological systems. The progress in electrospray
MS instrumentation being much faster than that of ICP MS, molecular mass
spectrometry is invading many areas currently occupied by ICP MS. On the other
hand, there are still some features of ICP MS which make it an indispensable
technique in bioinorganic speciation analysis.

The lecture presents recent advances in analytical techniques for speciation of
metals and metalloids interacting with the cellular metabolome and proteome.
Particular attention is given to the correlations of the analytical chemistry data
acquired with those obtained by molecular biology approaches or bioinformatics.
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The technical maturation of liquid chromatography tandem mass spectrometry (LC-
MS/MS) hyphenations over the past decade brought this technology into most of
the major clinical laboratories worldwide. It found its sound place amongst major
basic routine technologies of laboratory medicine as enzyme based assays or
immunoassays. LC-MS/MS extended the technological armamentarium of clinical
laboratories significantly, both in analytical and economical terms. Especially in
therapeutic drug monitoring, endocrinology, and toxicology, it became an
indispensable routine tool [1-3].

Although a well designed LC-MS/MS assay generally outperforms immunoassays
due to its accuracy, sensitivity, precision, and its inherent multiplexing capability, it
is not free from analytical problems. Besides limitations in selectivity (i.e. “isobaric”
interferences), sudden and unpredictable ion yield attenuations, often known as “ion
suppression effect’, can be considered the Achilles heel of quantitative bio-
analytical mass spectrometry [4].

Most LC-MS/MS methods used in clinical laboratories are still “home-brewn”
laboratory-developed tests operating on very heterogeneous instrument
configurations, although commercial IVD-CE certified LC-MS/MS assay kits have
become available recently. Consequently, assay heterogeneity and lacking
traceability to reference procedures or materials leads to an increased imprecision
in proficiency testing as well as to inaccurate result reporting if basic rules of assay
validation and “post marketing” surveillance are violated.

The position of LC-MS/MS and its advantages / disadvantages compared to
immunoassays will be discussed. Technical limitations and analytical problems of
LC-MS/MS instrumentation will be critically evaluated in the light of technical
development.

[1] Vogeser M, Seger C. Clin Biochem. 2008;41:649-62. [2] Seger C, Vogeser M. J
Lab Med 2010;34:117-128. [3] Seger C, Tentschert K, Stoggl W, Griesmacher A,
Ramsay SL. Nat Protoc. 2009;4:526-34. [4] Vogeser M, Seger C. Clin Chem. 2010,
56:1234-44.
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ENANTIORESOLUTION OF CHLORO INTERMEDIATES OF
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Methamphetamine use exists to some extent in all European countries, and is a
huge problem worldwide particularly in the US and SE Asia/Australia/NZ. This is
because of methamphetamine has low production costs, easily obtained precursor
chemicals, and a simple production process. There are various routes to the
synthesis of methamphetamine e.g. Emde, Nagai, Birch. During these synthesis,
different by-products are generated. Impurity profiling and classification of seized
methamphetamine may supply valuable information with respect to the conditions
and the chemicals used in the illicit manufacture and may provide information on
the original source of the sample. Determination of the stereochemical makeup of
forensic samples is important and provide chemical information not available from
other types of chemical analysis.

The Emde synthetic route involves the chlorination ephedrine/pseudoephedrine,
followed by hydrogentation of the intermediates to form methamphetamine. It is
reported that methamphetamine synthesized by Emde contains following by-
products: ephedrine, chloroephedrine, cis-1,2-dimethyl-3-phenylaziridine, trans-1,2-
dimethyl-3-phenylaziridine, two unidentified impurities. Stereochemical relation of
(+)-methamphetamine to its initial precursor (-)-ephedrine or (+)-pseudoephedrine is
achieved by detection of (+)-chloropseudoephedrine or cis-1,2-dimethyl-3-
phenylaziridine, and (-)-chloroephedrine or trans-1,2-dimethyl-3-phenylaziridine,
respectively. Thus, knowledge about chiral profile of methamphetamine synthesized
by Emde is important and may be used to determine the source of starting material
and provide links to illicit laboratory.

To obtain full characterization of enantiomeric composition of methamphetamine
synthesized by Emde, pure enantiomers of chloroephedrine as reference
substances for analytical analysis are required. Therefore, is necessary to work out
stereochemistry of the standards and thereafter the chromatographic behaviour.
The purpose of this study was to investigate the stereochemical course of part | of
the Emde method involving the synthesis chloroephedrine/chloropseudoephedrine
via chlorination of ephedrine/pseudoephedrine. The configuration of these
chloroamines was determined by multi-dimensional NMR analysis. The separation
of the enantiomers of chloroephedrines was carried out by GC on a chiral stationary
phase.
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The goal of this research is the development of electrophoretic methods for
improved chiral separations of analytes that are extremely important in clinical
analysis. Chiral compounds are common in several synthetic and biological
systems. It has been shown that usually only one enantiomer is active, while the
other might be less active, inactive or has damaging side effects. Fucose is a rare
carbohydrate essential for proper cell-to-cell communication. Fucose can be found
in the skin, brain cells, kidneys, retina of the eye, and breast milk. Pipecolic acid is a
human metabolite that is found in biofluids. In human blood stream, the L-
enantiomer is mostly present, while the D-enantiomer is primarily excreted. Even
though high levels of D-pipecolic acid are not found in plasma, they are significantly
increased in urine of people with chronic liver disease. Huperzine A is an important
compound that is used to treat Alzheimer’s disease. However, only the (-) form of
this compound is biologically active and behaves as a potential acetylcholinesterase
inhibitor. Therefore, the separation of the (-) form from the (+) for the compounds
mentioned above is of greatest importance. In this study, MEKC and CD-EKC were
used for the chiral separation of fucose, pipecolic acid and Huperzine A. The
optimum conditions were obtained by investigating different parameters, and
particularly the type of the chiral selector. The most effective chiral selector was
determined in regards to resolution, analysis time and reproducibility. More
parameters were examined, such as the addition of modifiers, in order to optimize
further the separations in regards to efficiency. The method was then validated in
terms of reproducibility, linearity, LOD and LOQ. Finally, the optimum conditions
were applied to a pharmaceutical formulation, in order to demonstrate the ability of
the method to control the purity of the (-)-Huperzine A in pharmaceutical
formulations.
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Herbal Medicinal Products (HMPs) often consist of a highly complex mixture of both
active and inactive ingredients. The development of appropriate analytical
separation methods can therefore be an arduous task. Increasing government
regulations relating to the production and sale of HMPs have placed even more
burden on the analytical chemist to develop effective and robust methods. To
assure the quality of Herbal Medicinal Products the content of constituent(s) with
known therapeutic activity, active markers or analytical markers have got to be
determined in the starting materials, in in-process controls and batch release
controls [1]. The indication of the content of constituent(s) with known therapeutic
activity in the Summary of Product Characteristics (SmPC) is required for HMPs
consisting of standardized or quantified herbal preparations [2].

Due to the complex composition of natural products HPLC analysis time is very
often more than one hour. Fused Core™ particle technology provides the ability to
reduce the analysis time without sacrificing resolution [3]. When separating the
components of a complex mixture, traditional alkyl stationary phases are often
inadequate. The choice of alternative phases, however, is often made arbitrarily and
thus may be ineffective at solving a given issue.

In this study, the separation of active and inactive components for several popular
natural products is investigated using a variety of commercially available stationary
phase chemistries based on the Fused Core technology. Parameters such as
resolution, retention and selectivity are compared, contrasted and related to known
retention mechanisms exhibited by the phase chemistries. General trends and
guidance will be provided that promises to greatly facilitate the method development
in this complex environment.

[1] Guideline on Quality of Herbal Medicinal Products/Traditional Herbal Medicinal
Products
(http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009
[09/WC500003370.pdf).

[2] Guideline on declaration of herbal substances and herbal preparations in herbal
medicinal products/traditional herbal medicinal products
(http://www.ema.europa.eu/docs/en_GB/document_library/Scientific _guideline/2009
[09/WC500003272.pdf).

[3] Reporter (2009) Vol. 27.1, page 9.
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CE-ICP-MS - as a tool to model the fragile human system transporting
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Metallodrugs play an increasingly important role in the arsenal of anticancer
remedies. As hybrids of inorganic and organic components, they join advantages of
inorganic and organic drugs: potential in treatment of a broad range of tumors and
selective mode of action, respectively. However, cancer still causes death of more
than 20.000 people a year, in a great extent due to many widespread and not
curable tumors. Therefore, examination of potential anticancer metallodrugs needs
to be intensified and, in particular, focused on a better understanding of the mode-
of-action of designed non-platinum tumor-inhibiting compounds. A promising
examples, indazolinium trans-[tetrachlorobis(1H-indazole)ruthenate(lll)] and tris(8-
quinolinolato)gallium(lll) are now appreciably progressing in clinical studies, with the
outcome of few side effects and evidence of clinical activity in renal cell carcinoma.
In order to make their clinical development more straightforward, the way in which
the drugs are transported into cancer cell should be clarified.

Capillary electrophoresis (CE) as a high performance separation technique can be
considered as the most suitable for kinetic and thermodynamic studies of protein
binding of metallodrugs due to lack of organic modifiers in the separation medium,
no need of the stationary phase, and small sample volume requirement. Pros and
cons of CE-ICP-MS hyphenation will be discussed on the basis of our experimental
results and experience gained during studying the transport mechanism of
ruthenium(lll) and gallium(lll) developmental drugs. The approaches will also be
reported to circumvent the challenging problems in exploiting the CE system that
can follow the drug-processing reactions in human organism.
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The objective of this presentation is to identify analytical tools commonly used at
various stages of drug development pathway from discovery to market and to
specify test-method related requirements. Drug development is a long process that
involves target selection, biomarker identification, lead identification and
optimization, non-clinical and clinical (phases 1-3) testing, formulation design and
optimization, regulatory approval and post-marketing drug monitoring. Target
selection, based on matabolomics and proteonomics, as well as biomarker
identification, are the tasks commonly approached by MS- or NMR- based methods.
Lead identification and optimization assumes physico-chemical characterization and
in vitro and in vivo assessment of ADME properties, including identification of
metabolic pathways mostly using LC-MS or LC-MS-MS techniques. During
formulation design and optimization the major focus is development of robust and
stable formulation. Critical quality attributes of active and inactive pharmaceutical
ingredients, such as potency, purity, stability, compatibility, crystallinity and
polymorphic stability, are determined and testing must be performed to ensure
quality of the finished product. Purity testing is a complex task due to diverse nature
of potentially present impurities (i.e. starting materials, synthetic intermediates, by-
products, degradants, isomers, heavy metals, residual solvents, genotoxic
impurities), and as such is approached by variety of analytical techniques (HPLC-
DAD, HPLC-MS, chiral chromatography, head-space GC, AAS, ICPS etc). In vitro
drug release from solid oral dosage form is a tool to assess in vivo release of active
ingredient and drug in vivo bioavailability. Development of bio-indicative in vitro
dissolution method is challenging, especially for drugs with poor solubility or low
content of active ingredient in the formulation. Finally, drug, in order to be marketed,
has to meet regulatory and compendial requirements . A dynamic interactive
relationship between analytical development and regulatory/compendial
requirements is a driving force that affects both analytical and regulatory science.
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Sequential injection analysis (Sl) is considered to be the second generation of
automated flow-injection based techniques. Sl offers some interesting features to
analytical chemists such as: (i) precise handling of minute volumes of liquids, (i)
drastic reduction in reagents consumption and waste generation and (iii) automation
through single-channeled manifolds. The potentials of S| are magnified when it is
coupled to separation techniques such as liquid (SI-HPLC) and gas
chromatography (SI-GC) and capillary electrophoresis (SI-CE). The resulted
analytical schemes combine automated sample preparation by S| (e.g.
derivatization, dilution, extraction etc) and the high selectivity and separation
efficiency of these techniques.

The present lecture will present interesting published applications based on the
“marriage” of Sl to the above mentioned separation techniques. Additionally, the
concept of Sequential Injection Chromatography (SIC) — based on the incorporation
of monolithic columns to low pressure Sl setups — will be discussed. Finally, new
instrumental advances that might lead to the development of “High Pressure
Sequential Injection - HPSI” will be highlighted.
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PARTICLES IN ULTRASOUND FIELD: BEHAVIOUR, FRACTIONATION AND
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Ultrasound (US) can help analytical chemists in numerous laboratory tasks, from
sample preparation to detection. In sample preparation US is applied to treat liquid,
solid, and heterogeneous sample. In the latter case, US can facilitate the formation,
stabilization, fractionation and filtration of suspensions containing micron and
submicron particles. In the last few years, some new methods have been developed
for continuous fractionation and characterization of samples containing particles
due to different retention of different particles in an external acoustic field. Such an
approach and corresponding devices were used for the fractionation of various
micro particles.

The possibility to retain particles in a US field has allowed us to arrive to the idea
that beaded sorbents, most often used in solid-phase extraction (SPE), can be
completely retained in a flow cell or column in the form of suspension and applied
as fluidized beds instead of conventional packed beds. This novel approach has
been shown to give serious advantages. First, US field makes it possible to work
with SPE units filled with sorbent beads as small as a few microns which are hold in
a sample solution flow. Such small beads are known to be more efficient sorbents
than the grains of 40-100 p traditionally used in SPE to avoid applying high
pressures needed to overcome a pressure drop across the SPE cartridge or
column. Therefore second, low-pressure suspension units can be used. Third,
acoustic field may simultaneously play another role: to accelerate sorbent/sorbate
interactions. It has been shown experimentally that a combination of an acoustic
force field with an appropriate flow system enables the efficient recovery of various
analytes from liquid samples. This has been demonstrated by separation and
enrichment of metal ions from aqueous solutions using complexing sorbents and by
preparation of some biological samples by means of immunosorbents.
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lon chromatography is the best method for determining substances of ionic nature in
different environmental samples. Stationary phase usually plays the key role in
chromatographic analysis and modern ion exchangers should possess such
characteristics as low ion-exchange capacity, high stability, absence of swelling in a
mobile phase and guarantee of high efficiency and selectivity of separation.
Polystyrene-divinylbenzene (PS-DVB) ion exchange resins meet all these requirements
but there are some problems associated with using PS-DVB-based sorbents as the
stationary phases for the determination of polarizable inorganic anions such as nitrate
and bromide. These ions have strong affinity to the matrix of anion exchanger which is
caused by their specific interactions with aromatic rings of a polymer. It results in
abnormal retention, low efficiency and unsymmetrical peaks for these anions.

Negative influence of a matrix can be eliminated by increasing the hydrophilicity of
functional groups or moving them away from aromatic rings with long alkyl or carbonyl
spacers. In this study two novel methods of synthesis including one or both of these
approaches are presented:

I Il
1. Acetylation with acetic anhydride 1. Chloroacylation
2. Reductive amination 2. Amination
3. Alkylation 3. Alkylation

The main advantage of both methods is that they allow one to vary the structure of the
functional group, its hydrophilicity and spacer length easily on different stages.
Traditionally halogeno- and dihalogenoalkens are used for alkylation but in order to
increase the hydrophilicity of functional groups oxiranes were proposed as a novel
promising class of alkylating agents.

Chromatographic properties of the obtained anion exchangers were studied by means of
suppressed ion chromatography with conductometric detection. The decrease of the
retention of the polarizable ions of nitrate and bromide, increase of their efficiency and
improvement of the peak shape were observed as the hydrophilicity of the functional
group and spacer length increased. Anion exchangers with heightened hydrophilicity
provide good efficiency and selectivity for separating the mixture of seven inorganic
anions such as fluoride, chloride, nitrite, nitrate, bromide, phosphate and sulfate in less
than 30 min in isocratic mode with using sodium bicarbonate as a mobile phase. The
highest efficiencies of the columns with the obtained anion exchangers for phosphate-ion
were 50000 (using carbonate buffer solution as a mobile phase) and 35000 (using
sodium bicarbonate) theoretical plates per meter.
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Pd is widely used in today’s automotive catalytic converters. Thermal and
mechanical stress cause surface abrasion of the catalytic material, releasing Pd in
the environment [1]. Due to its potentially harmful properties, it has become
necessary to perform analysis of very low concentrations of Pd in environmental
samples. The methods at hand for this task are ICP-MS, ICP-AES or ET-AAS [1].
Unfortunately, when using these methods, Pd is either strongly interfered by other
elements (ICP-MS) or sensitivity does not allow measurements in the desired
concentration range (ICP-AES, ET-AAS). To improve detection limits and to
eliminate interferences usually sample pre-treatment techniques like solid phase
extraction (SPE) with ion-exchangers are applied. Although being well established,
SPE suffers from several shortcomings such as time consuming conditioning steps,
incomplete recovery of the adsorbed ions and memory effects. One of the major
drawbacks of SPE is the necessity to elute the analyte after adsorption using
appropriate solvents.

In this work a novel sample pre-treatment procedure for enriching Pd from liquid
samples is presented, featuring the idea of renewable surfaces and eliminating any
elution process. Porous nano- spherical silica was functionalized with quarternary
ammonium groups [2], yielding a strong anion exchanging material with a mean
particle size of 700nm. Due to the high specific surface of the silica, very low
amounts of this compound are sufficient to obtain nearly quantitative recovery for
Pd from aqueous solutions. After separating the particles from the sample volume
by means of a centrifuge and removing excess liquid, an aliquot of the remaining
suspension is analyzed using ET-AAS. This straight- forward slurry approach helps
to overcome the problems associated with the elution process. On that account it is
possible to enrich Pd from aqueous solutions or sample digests, propelling the limit
of detection in the 100ng/L range.

References

[1] L. Bencs, K. Ravindra, R. Van Grieken, Methods for the determination of
platinum group elements originating from the abrasion of automotive catalytic
converters, Spectrochimica Acta Part B 58 (2003) 1723-1755
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THERMO-RESPONSIVE POLYMER-MEDIATED EXTRACTION OF
ANTIBACTERIAL AGENTS FROM WATER
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A novel extraction method using thermo-responsive polymers was developed and
applied to the removal of antibacterial agents in water. A thermo-responsive
polymer, poly (N-isopropylacrylamide), was water-soluble at room temperature, but
deposited above the lower critical solution temperature (ca. 32°C). By shaking the
solution, the polymer deposits were agglutinated to form a small gum-like coagulate
(polymer phase). Accompanying with the heat-induced polymer deposition,
hydrophobic antibacterial agents such as triclocarban and triclosan in water were
quantitatively collected and highly concentrated to the polymer phase. It was
dissolved with a small amount of acetonitrile for the introduction into the HPLC
system having a UV or MS detector. The method was useful to preconcentrate
traces of antibacterial agents in environmental waters and effluents. For the
collection of rather polar phenolic compounds, chitosan- and polyallylamine-
conjugated thermo-responsive polymers were prepared by the water-soluble
carbodiimide-mediated condensation method. In the presence of an appropriate
oxidation enzyme, phenols in water were converted to dark brown compounds and
spontaneously bound to the amino moieties of polymer molecules. Tyrosinase
(from mushroom) was useful for the collection of phenol and its p-substituted
derivatives. However, it was not effective for the oxidation of o- and m-substituted
phenols. On the other hand, peroxidase (from horseradish) was a useful enzyme
for the oxidization of varieties of phenolic compounds in the presence of hydrogen
peroxide. The method allowed the rapid removal of o-, m-, p-isomers of cresols,
methoxyphenols, and chlorophenols. Phenolic drugs, metabolites, and hormones
including isopropylmethylphenol, acetaminophen, aminophenol, L-DOPA, and
estrogens were also collected completely from water. The applicability of the
proposed method to the treatment of municipal and hospital wastewaters was
investigated.
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RENEWABLE AUTOMATED SOLID PHASE EXTRACTION BASED ON BEAD
INJECTION CONCEPT COUPLED TO LIQUID CHROMATOGRAPHY FOR ON-
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The integration of sample treatment to liquid chromatography (LC) is generally
implemented using robotic stations and commercial, disposable cartridges filled with
suitable solid phase sorbents, requiring expensive and sophisticated equipment.
Continuous flow based solutions for on-line automated sample treatment have been
proposed as well, but they are not feasible for complex samples, because the
accuracy and precision of LC determination are often jeopardized by carry-over
effects from consecutive samples, or by permanent contamination of the flow-
through extraction columns.

Recently, Lab-on-Valve (LOV) systems were proposed as an alternative that fosters
the automatic renewal of the solid phase sorbent in a simple, less expensive
apparatus that can be directly coupled to separative techniques [1]. In this case,
sorbent renewal is achieved through the bead injection (Bl) concept, where the solid
sorbent is manipulated within the micro-channels of the LOV piece in an automated
fashion. The present communication will address recent developments in this area,
concerning novel strategies for mesofluidic handling of solid phases with non-
spherical shape, namely molecularly imprinted polymers for molecular recognition
of target analytes and for selective separation from complex, real samples such as
milk and soil extracts. Other relevant features, including coupling strategies
between LOV and LC to circumvent peak broadening effects, will be critically
discussed. Finally, successful examples of LOV-BI coupling to LC will be given,
including the determination of UV filters in coastal waters and phenolic compounds
in food samples.

Reference:
[1] M. Mir6, H. M. Oliveira, M. A. Segundo, Trac-Trends Anal.Chem., 30, 153-164
(2011).
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DEVELOPMENTS IN ACCREDIATION AND INTERNATIONAL MEASUREMENT
INFRASTRUCTURE: RELEVANCE FOR LABORATORIES
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About 20 years after the introduction of accreditation in Europe the thus induced
advantages for analytical quality assurance are well established and taken for
granted. Except in small niches it is no longer possible to offer analytical
services without being accredited. For this reason it is essential to constantly
monitor the modern developments in quality matters for the chemical laboratory
in order both to increase its efficiency and ensure high standards in reliability of
new analytical procedures.

The most significant development of the last years is — besides the acceptance
of quality management on the basis of ISO 17025 in the version of 2005 — the
recent responsibility of national governments for matters of accreditation. This
provision serves mainly the purpose to keep accreditation itself free of
influences of the market in order to have a better basis for the assessment of
conformity for accredited laboratories and notified bodies.

With the development of new nomenclature and definitions published in VIM 3
(also known as ISO 99) a remarkable attempt has been made to make all of
metrology independent of the special field of expertise. This was accompanied
for each and every branch — therefore also for chemical measurement —
novelties and compromises, but it has undoubtedly helped to strengthen
metrology on a worldwide basis. This has led the EURACHEM Working Group
on Education and Training to issue separate interpretations and examples for
some of the most important terms.

With respect to technical advances for enhancing worldwide comparability of
chemical measurement CCQM has intensified its efforts in the organisation of
Key Comparisons. It is particularly important that the experiences gained
through these exercises are made available to all interested laboratories. For
analytical chemistry advances in the estimation of measurement uncertainty
through Monte Carlo approaches are of great scientific value as this leads to
much more plausible results particularly for greater uncertainties and for
measurements near the detection limit. Examples of this approach will be
provided.
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THE PRINCIPLE OF POOLED CALIBRATIONS AND OUTLIER RETAINMENT
ELUCIDATES OPTIMUM PERFORMANCE OF ION CHROMATOGRAPHY
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A new principle of statistical data treatment is presented. Since the majority of
scientists and costumers are interested in determination of the true amount of
analyte in real samples, the focus of attention should be directed towards the
concept of accuracy rather than precision. By exploiting the principle of pooled
calibrations retaining all outliers it was possible to obtain full correspondence
between uncertainty of calibration and uncertainty of repetition, which for the first
time evidences statistical control in experiments of ion chromatography. Chloride,
bromide and oxalate were determined at a high number of repetitions in standards
containing different anions. The method was capable of baseline separation of 17
different anions. It was found that the limit of quantification (LOQ) was significantly
underestimated by up to an order of magnitude with respect to determination of
concentration of unknowns. The concept of lower-limit of analysis (LLA) and upper-
limit of analysis (ULA) were found to provide more acceptable limits with respect to
reliable analysis at a limited number of repetitions. These findings comply with
earlier investigations of method validations where it was found that the principle of
pooled calibrations provides a more realistic picture of the analytical performance
with the drawback however, that generally higher levels of uncertainties should be
accepted, as compared to contemporary literature values. The implications to the
science of analytical chemistry in general and to method validations in particular are
discussed.
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OUT-OF-SPECIFICATION RESULTS OF CETIRIZINE DIHYDROCHLORIDE
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Cetirizine dihydrochloride is used to treat allergic rhinitis and chronic idiopathic
urticaria, and as a treatment adjunct in asthma. European Pharmacopoeia sets the
lower specification limit ¢s;=99.0% and the upper specification limit cysi= 100.5%
of cetirizine dihydrochloride content in a bulk material (dried substance). The
test/assay method is the acid-base potentiometric titration of acetone-water solution
of the analyte with sodium hydroxide to the second point of inflexion. A test result
Crest Obtained by this method should be in the specification limits, i.e., Cisi1< Ciest<
Cusl-

Results which fall outside the specification limits are named out-of-specification
(OOS) test results. They may be obtained when the true content cyye Of cetirizine
dihydrochloride is really less than the lower specification limit (ciue < Cis1) because of
a high content of known impurities. However, OOS test results may be caused also
by measurement problems and, for example, exceed the upper specification limit
(Ctest> Cus1) While cyue < cusi- When an OOS test result differs from the specification
limit in the range of the measurement uncertainty, it is considered as metrologically-
related. Such a consideration is important for understanding the root causes of OOS
test results and preventing, where possible, their occurrence.

Probabilities of OOS test results, discussed in application to an example, are
calculated for both specification limits. Global producer’s and consumer’s risks of
incorrect decisions about the product quality, caused by the measurement
uncertainty, are evaluated. Intra-factory acceptance limits for ciwst, stronger than the
specification limits, are examined.
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SHOULD RECOVERY INFORMATION BE USED TO CORRECT
MEASUREMENTS?
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Every step of analytical procedure carries the risk of occurrence of errors which
have

an impact on the quality of analytical result. Recovery (RV) is one of tools of both
the quality assurance and quality control that is commonly used in analytical
laboratories to evaluate the trueness of analytical result [1].

The International Union of Pure and Applied Chemistry (IUPAC) have compiled

the guidelines for the use of recovery information in analytical measurement which
are only a conceptual framework [2,3]. Neither in these guidelines nor in the
available literature any research on the influence of various effects on the
estimation of recovery was found.

Theoretical considerations prove that erroneously interpreted information resulting
from RV value may gain a semblance of a reliable evaluation of an analytical result.
In practice it means that the obtained RV = 100% is not equivalent to achieving a
result close to the real one. On the other hand, the accurate result may be obtained
in the conditions which do not guarantee the complete analyte recovery [4].

The influence of the effects (preparative and interference ones, the analyte effect)
on the RV value, which may appear during a whole analytical procedure, was
presented in this work. On the basis of the obtained results an attempt was made to
answer the essential question raised by IUPAC: whether and in what circumstances
the analytical result should be corrected for recovery?

The research was financed by the Polish National Science Centre.
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2201.
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DETERMINATION OF TRACE ELEMENTS IN DANUBE WATER:
RESULTS OF SIX INTERLABORATORY STUDIES IN SOUTH-EASTERN
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In order to improve the quality of chemical analyses of water in South-Eastern
Europe the long term project was initiated and six interlaboratory studies were
organised in the period 2003-2011. The International Scientific Committee with
professor dr. Anastasios Voulgaropoulos as the Chairperson organised and
evaluated regional interlaboratory studies. More than 70 laboratories from Greece,
Montenegro, Republic of Srpska - Bosnia and Herzegovina, Romania and Serbia
took part in them. The samples for regional interlaboratory studies were prepared
from filtered water of the river Danube near Belgrade by addition of corresponding
substances. In each regional interlaboratory studies one of the the task for
participants was to determine trace elements (Al, As, Cd, Cu, Mn, Fe, Pb and Zn) in
two water samples. Results were analysed using the same methods as in
interlaboratory studies organised by IRMM-JRC (Institute for Reference Materials
and Measurements: EU-Joint Research Centre, Geel, Belgium) within IMEP
(International Measurements Evaluation Programme). In addition to graphic
presentation and analysis of results by Youden method, Cochran and Grubbs tests
were also used. Reproducibility (R) and repeatability (r) were calculated according
to the British standard BS 5497: Part |: 1987. All regional interlaboratory studies
were generally successful and useful for participants. Systematic errors were
observed in some cases and these laboratories needed to improve their
performance. The quality of results for some elements improved gradually in the
period 2003-2011.
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DEVELOPMENT OF NEW CERTIFIED REFERENCE MATERIALS FOR
CHROMATOGRAPHY BY CONTENT ASSIGNMENT WITH HIGH
PERFORMANCE QUANTITATIVE NMR (HP-gNMR)

F. Michel', A. Rueck?, C. Hellriegel®

S/gma -Aldrich Chemie GmbH, Taufkirchen, Germany
S/gma -Aldrich Chemie GmbH, Buchs SG, Switzerland

E-mail: frank.michel@sial.com

Quantitative NMR spectroscopy (QNMR) has become an invaluable instrument for
exact content assignment and quantitative determination of impurities. [1]

'H-gNMR is a relative primary method because the intensity of a signal is direct
proportional to the number of protons contributing to the signal of interest. [2]
Therefore the signals of a sample compound and a reference substance with known
content can directly be compared and the content of the sample compound can be
assigned. Based on this approach an unequivocal traceability to international
acknowledged reference standards, e. g. from NIST, is achieved. [3]
Chromatographic techniques such as HPLC or GC usually do not provide this
traceability, because they require a highly pure standard of the substance to be
investigated which is often not available.

This work presents the approach of content assignment by High-Performance
Quantitative NMR (HP- qNMR ) and its application on organic compounds from
different classes such as amino acids, polycyclic aromatic hydrocarbons, pesticides,
antibiotics, fatty acids and fatty acid esters, resulting in new Certified Reference
Materials for chromatography. The high performance qNMR measurements were
performed at maximum accuracy with a 600 MHz NMR instrument under ISO17025
and ISO34 double accreditation resulting in expanded uncertainties between 0.1 %
and 0.5%.

Literature:
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POSSIBILITY OF KOMPLEX ELECTROCHEMICAL DETECTION OF
STRUCTURAL DNA DAMAGE IN THE PRESENCE OF INTERCALATOR
THIORIDAZINE
K. Benikova, L. Hlavata, V. Kubri¢anova, J. Labuda
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Intercalator represents a group of chemicals that can, according to their appropriate
size and chemical structure, specifically interact with base pairs of DNA. Commonly
they are characterized by the possession of an extended planar heteroaromatic ring
system (chromophore) that can be inserted in between adjacent base pairs.
Intercalation results in an extension of the double helix, together with changes in
helical twist (unwinding) for the base pairs at adjacent to each binding site. These
changes in double helix might be significantly detected by electrochemical methods,
especially electrochemical impedance spectroscopy. Electrochemical detection
technique represents relatively cheap, nondestructive and effective method for the
characterization of surface attached NA layers at the NA biosensors. With the use
of DNA intercalative chemicals we should be able to obtain also more specific EIS
signals of individual NA layers at the electrodes. Using this approach we could
confirm match or mismatch hybridization without additional tags or mediators.
Intercalators can not only serve as a stain for detection of DNA hybridization but
also contribute to the detection of structural DNA damage.

In this work we study the electrochemical intercalation properties of the drug
thioridazine. We perform the measurements of detection of the DNA damage by
reactive oxygen species and UV radiation in the presence and absence of
thioridazine. We studied the DNA damage on a sample of flavored mineral water.
Information acquired from the measurements with thioridazine showed different
behavior between drug and DNA interaction on DNA damage by ROS and DNA
damage by UV radiation. Model DNA damage by ROS was additionally confirmed
by the measurement on a real sample.

This work was supported by the Scientific Grant Agency VEGA of the Slovak
Republic (Project 1/0182/11).



BCO05 Session A

SPANISH SALVIA EXTRACTS: AROMATIC PROFILE AND ANTIOXIDANT
CAPACITY
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Spanish salvia (Salvia lavandulifolia) from Murcia country, was milled and extracted
with water, ethanol and n-hexane. The extracts were analysed on an Agilent SB
C18 5 cm x 4.6 mm x 1.8 microm column, with 0.1% formic acid water/acetonitrile
gradient as mobile phase, using an Agilent 1200 HPLC-RR liquid chromatograph,
DAD-SL detector and ChemStation software. Water extract showed high
proportions of chlorogenic and caffeic acids and other phenolic acids. Hexane
extract contains broad and high concentrations of terpenoids and some flavonoids
such as quercetin and luteolin. Ethanol extract consist of phenolic acids, flavonoids
and some terpenoids. Hexane extract: The main aromatic terpenoids were camphor
(57.68%), eucalyptol (22.69%), bornyl acetate (9.61%), borneol (2.36%) and
limonene (1.64%). Ethanol extract: camphor (60.87%), eucalyptol (20.80%), bornyl
acetate (8.26%) limonene (2.34%), borneol (2.17%) and camphene (1.71%). These
values were determined from calibration straights on a Supelco SLB 5ms 15 m x
0.1 mm x 0.1 microm column, with hydrogen gas carrier, using an Agilent 7890 gas
chromatograph, the 5975 EI-SQ mass spectrometer detector, the ChemStation
software and the NIST and Wiley mass spectrometry libraries. The antioxidant
capacities of the extracts have been evaluated with the ABTS-TEAC and ORAC-
TEAC assays. The disappearance of the ABTS radical has been monitored at 734
nm with a Perkin ElImer dual beam Lambda 35 spectrophotometer and UV-WinLab
software. The fluorescein disappearance was recorded at 485 nm and 530 nm as
excitation and emission wavelengths, respectively, after 3D optimization with a
Perkin Elmer LS55 luminescence spectrometer and FL-WinLab software. This work
has been partially supported by grants from several Spanish organizations. Projects
BI02009-12956 (MICINN, Madrid) and 08856/PI/08 (Fundacion Seneca, CARM,
Murcia). Predoctoral fellowships JMR BES-2007-16208 (FPI, MICINN, Madrid), MP
09378/FP1/08 (Fundacion Seneca, CARM, Murcia), AC (Esencias Martinez Lozano,
Murcia), VO (Alissi Bronté, Murcia).
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NEW ASSAY OF THE ACETYLCHOLINESTERASE ACTIVITY BY
POTENTIOMETRIC MONITORING OF ACETYLCHOLINE
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Qualitative and quantitative activity analysis of the enzyme acetylcholinesterase
(AChE) have been implementing because of it applicability to a very broad range of
fields. For that purpose, an acetylcholine (ACh) selective electrode, that allowed us
to monitore the AChE-catalyzed hydrolysis of ACh, is here proposed.

Firstly, we proceeded to develop an ACh-selective electrode that satisfies the
requirements for kinetic monitoring: sufficient sensitivity and stability, low
background noise, low drift, rapid response time and adequate selectivity. To
achieve this, the influence of the plasticizer and the amount of the ionic additive
present in the electrode membrane was studied. A membrane containing NPOE as
plasticizer and 0.5% of ionic additive was selected because it provided the best
sensitivity and the best selectivity with respect to choline and some common
inorganic cations.

Secondly, the selected ISE was applied for monitoring the AChE-catalyzed
hydrolysis of ACh in a pH 7.5 phosphate buffer at a constant temperature of 28°C.
Variables that affect the reaction kinetics, substrate and enzyme concentrations,
were studied. The application of the Michaelis-Menten equation to the results
obtained in the study of the substrate influence provided values for Vimax and Kn, of
7.6x10% + 0.1x10® Ms™ and 4.7x10° + 0.1x10° M, respectively.

The effect of the AChE activity was studied and a linear relationship between
enzymatic activity and AChE concentration was obtained, which might be used for
the determination of microquantities of AChE in problem samples.
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BACTERICIDAL ACTIVITY OF SOME CALIX ARENES BASED POLYMERIC
MEMBRANES
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New type of polyimide based selective membranes were obtained. As electroactive
compound there were used -calix[6] arene, calix[8Jarene and sulphonated
calix[8]arene. Due to the polymeric matrix used, namely polyimide, the selective
membranes presented a very good adherence to the silicon nitride surface of a
microdevice. In consequence, such membranes were suitable for clinical
microdevices.

Therefore, prelimary tests to evaluate the selective membranes behaviour in
biological environment were performed. The laboratory tests were conducted on
ATCC 15445 Pseudomonas aeroginosa bacteria strains and fungi strain -
Aspergillus niger. The latest used microorganism belongs to the monomorphic fungi
type with septated hyphae hyaline. Also, microbioological tests on a yeast strain of
Candida robusta type were carried out on the selective polyimde membranes.

There were realized antibiogram discs with 10 mg concentration on a disk for the
used electroactive compounds as: calix[6]arne, calix[8]arene and sulphonated
calix[8]arene. From the polymeric selective membranes obtained with each of the
previously mentioned calix arene there were cut discs. It was applied the method of
antifungigrame diffusion on a standardized subculture. Inoculum used should
correspond approximately to 0.5 McFarland standard, so to obtain an inoculum
density of 1.8 x 10 CFU/mL for bacteria and yeast and from 0.4 x 10* CFU/mL to 5
x10* CFU/mL for fungi, where CFU stands for colony-forming unit.

Active substances from the calix arene tested compounds: calix[6]arne,
calix[8]arene and sulphonated calix[8]arene and the corrsponding selective
polymeric membranes, had no inhibitory effect (bactericidal) over the strains of
Pseudomonas aeroginosa, Candida robusta and Aspergillus niger at concentrations
of 10 mg/mL for the studied compounds.

Calixarene-based active substances showed no toxicity to the cells of
microorganisms used in these experiments which may allow their inclusion into
products, selective microdevices, respectively, for human use.
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MASS SPECTROMETRY UTILIZED TO FACILITATE METABOLITE
IDENTIFICATION
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The structural elucidation of metabolites by LCMS remains challenging in many
cases. Some metabolic pathways yield modifications that are labile in the ion
source. This can reduce the protonated molecular ion’s intensity so that confidence
in its assignment diminishes. Some analytes yield a small number of intense
fragments so their spectra lack the richness required to propose a structure with
certainty. To meet these challenges, the number or complexity of experiments is
often increased. Performing successive product ion, precursor ion, or neutral loss
experiments under different conditions adds to the scientist’s workload. Elaborate
data-dependent MSn protocols can tax the duty cycle of an instrument, and are
difficult to design so that all of the appropriate data are captured. The preferable
solution is to gain more information from fewer, simpler experiments. Herein, we
describe how multi-reflecting time-of-flight mass spectrometry (MR-TOFMS)
enriches the structurally relevant information of a mass spectrum. MR-TOFMS
technology can exhibit massindependent and acquisition rate-independent resolving
power greater than 50,000 and sub-ppm mass accuracy. The instrument’s novel
design, including gridless mirrors and periodic ion beam refocusing affords this
resolution at no cost to sensitivity. These factors, together with high dynamic range
detection, allow lowabundance fragment ions to be extracted from complex
backgrounds, and assigned with certainty. This is demonstrated by identifying
metabolites of a complex multi-component pharmaceutical product in urine, without
any sample treatment other than dilution, using a fast ultra high pressure liquid
chromatographic method that resulted in significant coelution.
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POTENTIOMETRIC DETERMINATION OF LITHIUM IN URINE WITH AN ION-
SELECTIVE ELECTRODE
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Lithium salts, normally administered as lithium carbonate, have widely been
employed in the control of bipolar disorder symptom. Unfortunately, some cases of
severe intoxication and even death have been reported due to its narrow
therapeutic window. Therefore, the monitoring of lithium levels in drugs and
biological fluids is important to ensure adequate and safe treatment.

Therapeutic levels control of lithium in patients currently involves blood analysis
which leads to some discomfort in patients until the drug dosis is adjusted. For this
reason, it is interesting to look for an alternative based on urine analysis. The aim of
this work is to propose a new method to determine lithium in urine samples at
concentration levels at which it is excreted in treated patients. In urine analysis it is
neccesary to correct the analytes concentration values found because the volume
of excreted urine per time is variable. The ratio analyte/creatinine is used because
the creatinine amount excreted is fairly constant with time.

For that purpose, a lithium-selective electrode with a PVC membrane containing
N,N,N’,N’,N”,N”-hexacyclohexyl-4,4’,4”-propylidynetris(3-oxabutyramide) as
ionophore and DOS as plasticizer, was used. The response of the electrode is
affected by the sodium concentration due to the high molar concentration ratio Na/Li
present in the urine and the selectivity of the electrode. Therefore, it was necessary
to develop a method that allows eliminating the sodium contribution.

Lithium calibrations were carried out by adding known amounts of lithium on
different urine samples from untreated patients. The concentration of other species
present in the samples, including sodium and creatinine, was previously obtained in
order to evaluate their possible interference. Although sodium is a strong interfering,
from an exact evaluation of its selectivity coefficient and its concentration, it is
possible to determine the lithium concentration in urine accurately.
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SURFACE PLASMON RESONANCE IMAGING BIOSENSOR FOR 20S
PROTEASOME: SENSOR DEVELOPMENT AND APPLICATION FOR

MEASUREMENT OF PROTEASOMES IN HUMAN BLOOD PLASMA
E. Gorodkiewicz', H. Ostrowska?, A. Sankiewicz'
1Department of Electrochemistry, Institute of Chemistry, University of Bialystok,
Bialystok, Poland
®Department of Biology, Medical University of Bialystok, Bialystok, Poland
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The 20S proteasome is a multicatalytic enzyme complex responsible for
intracellular protein degradation in all mammalian cells, and its antigen level or
enzymatic activity measured in blood plasma are potentially useful markers for
various malignant and nonmalignant diseases. In this study, a novel method for the
highly selective determination of 20S proteasome by using a Surface Plasmon
Resonance Imaging (SPRI) technique has been developed. For the sensor
development, a highly selective interaction between proteasome catalytic B5
subunit and immobilized inhibitors: Z-lle-Glu(OBut)-Ala-Leu-H (PSI) or epoxomicin
was applied. Such parameters as inhibitor concentration, pH of interaction were
optimized. The biosensors analytical responses, linear response ranges, accuracy,
precision and interferences were investigated. Both PSI and epoxomicin based
biosensors were found to be suitable for 20S proteasome quantitative determination
showing a precision of 10% for each, recoveries of 102% and 113%, respectively,
and excellent tolerance of albumin, trypsin, chymotrypsin, cathepsin B and papain.
In order to demonstrate the biosensors and the SPRI technique applicability, 20S
proteasome was determined in plasma from healthy subjects and patients suffering
from acute leukemia. Both biosensors gave similar results equal to 2 860 ng/mL in
average for control and 42 300 ng/mL in average for leukemia patients. Thus, the
method of the present invention is highly selective and can be useful for
measurements of 20S proteasome concentration in human plasma.
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CAPILLARY ELECTROPHORESIS WHITH MASS SPECTROMETRIC
DETECTION FOR THE DETERMINATION OF URINARY LEVELS OF MODIFIED
NUCLEOSIDES

R. Hernandez-Prieto, D. Garcia-Gémez, E. Rodriguez-Gonzalo,
R. Carabias-Martinez

Dept. of Analytical Chemistry, Nutrition and Food Science, University of Salamanca

E-mail: rhprieto@usal.es

Modified nucleosides excreted in human urine are related to RNA turnover, a
process that is increased in the presence of a tumor. They have been studied to
examine their biomedical significance as possible biomarkers for cancer and other
diseases. Immunoassays and mainly liquid chromatography are the analytical
techniques most widely employed for the determination of urinary nucleosides.
Application of capillary electrophoresis has also been reported although generally in
MECC mode which involves the use of surfactants. This hinders MS detection. The
main goal of this work was to develop a fast and reliable method based on capillary
zone electrophoresis coupled with electrospray ionization-mass spectrometry (CZE-
ESI-MS) for the determination of modified nucleosides in human urine. The target
compounds were guanine, 1-methyl-guanine, 7-methyl-guanine, 9-methyl-guanine;
adenosine, 1-methyl-adenosine, cytidine, guanosine, 7-methyl-guanosine. As
internal standards, ribose-2-13C-adenosine and 8-13C-guanine were used. The
CZE separation was carried out at pH 2.5 with 100 mM formic acid as BGE. MS
detection in a single quadrupole, with ESI operating in positive-ion mode, was
optimized. Analyte quantification was carried out under SIM acquisition mode. Here
we also developed a procedure for the isolation-preconcentration of nucleosides
from urine based on SPE with a polymeric sorbent that can be applied to a broad
range of nucleosides. In most methods reported, nucleosides were isolated from
urine by SPE in affinity mode, using an immobilized phenylboronic acid group,
which specifically binds cis-diols. However, this is not applicable to non-cis-diol
nucleosides. For the analysis of urine samples, different quantification strategies
were explored to study the possible existence of a matrix effect. The standard
additions method and matrix-matched calibration in synthetic urine were compared
with calibration in aqueous medium. It was concluded that quantification by
calibration in a synthetic matrix was the most appropriate quantification mode.
These observations were confirmed by LC-MS/MS detection. The results obtained
showed that the CZE-ESI methodology is rapid and robust for the determination of
urinary nucleosides at 72—300 ugL'1 levels.
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DETERMINATION OF HUMAN SERUM ALBUMIN THIOL GROUP
V B Jovanovi¢', J M A¢imovi¢', A Z Penezi¢', Lj M Mandi¢'

Faculty of Chemistry, Department of Biochemistry, University of Belgrade,
Belgrade, Serbia

E-mail: vjovanovic@chem.bg.ac.rs

Oxidative stress is increased in many pathological processes. Serum albumin
(HSA) is the most abundant protein in plasma and a major extracellular antioxidant.
The free thiol group of Cys 34 contributes to HSA antioxidant capacity. There is no
simple, fast and cheap method for determination of the free HSA thiol group content
for clinical purposes. Precipitation of serum proteins (HSA isolation) by ammonium
sulfate as the first step in thiol determination was tested. The different factors such
as various concentrations of AS, the method of precipitation (solid or saturated AS)
and centrifugation (time and relative centrifugal force) and removal of AS on the
content of HSA and globulin in all precipitates and supernatants were examined. In
order to study the effects of various treatments on the composition of these
precipitates and supernatants all of them were analyzed by determination of HSA,
total protein and free thiol group concentrations (with bromcresol green, Biuret
method and 5,5’-dithiobis-(2-nitrobenzoic acid), as well as by electrophoresis and
immunoblotting (with antibodies against HSA). Also, the purity of HSA obtained by
AS precipitation was compared to HSA isolated by affinity chromatography on
Cibacron Blue F3G Sepharose. The 50% to 65% saturated AS fraction obtained
after centrifugation 10 minutes at 3000 g has almost the same HSA purity as HSA
isolated by affinity chromatography. The method is simple, fast, and accurate
(recovery about 100% of total serum thiol goups). It was applied to isolation of
serum HSA from 15 healthy persons and 15 patients with diabetes. The content of
thiol groups in HSA of diabetics was significantly lower (p <0.01) in comparison with
the healthy persons. Therefore, the method developed is suitable for monitoring of
HSA thiol groups in clinical practice.
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THE SPECTROPHOTOMETRIC METHOD FOR MONITORING OF PROTEIN
GUANIDINE GROUP CHANGES DURING CARBONYLATION

J M Ac¢imovi¢', V B Jovanovi¢', | D Pavicevi¢', Lj M Mandi¢'

1Faculty of Chemistry, Department of Biochemistry, University of Belgrade,
Belgrade, Serbia

E-mail: jelena@chem.bg.ac.rs

The accumulation of methylglyoxal (MG) and other a-oxoaldehydes from both
glycoxidation and lipoxidation sources lead to carbonyl stress. They are produced in
higher quantities in diabetes, uremia, oxidative stress, aging and inflammation.
Carbonylation of the protein amino, guanidino and thiol groups is one of the
important causes of vascular complications in diabetes. As the guanidine groups
are very abundant on protein surface and the most reactive toward carbonyls, the
changes in their levels could be the measure of carbonyl stress. Therefore, the aim
of this study was to develop a simple spectrophotometric method for monitoring of
the protein guanidine group changes during carbonylation. It was based on the
formation of coloured adduct between thymol and product of reaction of guanidine
group with hypobromite under alkaline conditions. The curve slopes of absorption
vs. concentration plot of substances containing guanidine groups [arginine, human
(HSA) and bovine serum albumin (BSA)] were substance dependent. The results
obtained were in agreement with the Beer's law for the guanidine group
concentrations of 1-36 mM. The method is simple, fast, precise (RSD in the range
of 0.9-2% ), accurate (recovery about 100%) It was applied for in vitro experiments
of incubation of HSA with MG, as well as for monitoring of the changes of HSA
molecule isolated by affinity chromatography from serum of patients with diabetes
type 2. It was found that quantification of guanidine groups during protein
carbonylation in vitro enables examination of the kinetics of these reactions,
competitiveness of guanidine against thiol and amino groups. On the other hand it
is suitable for monitoring of the HSA modification in carbonyl stress in clinical
practice.
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AFFINITY STUDIES OF NOVEL ANTIVIRAL DRUGS BY ISOTHERMAL
MICROCALORIMETRY

Kolarov, F2., Kolocouris, A°., Gauglitz, G°.

a: Tiubingen University; Institute of physical and theoretical chemistry;; Tiibingen
b: Department of Meducinical Chemistry, Faculty of Pharmacy, National and
Kapodistrian University of Athens Panepistimioupolis Zografou, Athens
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Influenza is one of the most |nfect|ous diseases with the potential to cause a
pandemic with thousands of deaths'. The World Health Organisation (WHO)
considers it as a ,serious puplic health problem®, and sees urgent need in research
about optimizing patient treatment®. However, only few antiviral drugs exist which
allow for an effective treatment. Recent outbreaks of the bird flu just highlighted the
urgent need for medication as a potent counteragent.

The M2 Protein is already known as a possible target for |nf|uenza drugs. The M2
proton channel is responsible for acidification of the virus proteln The acidification
is required for virus uptake into the cells. Furthermore acidification is required for
uncoating of virus RNA from matrix proteins. Thus, inhibition of this protein inhibits
critical steps in the virus reproduction cycle. Amantadine and Rimatadine were the
first developed anti-influenza drugs targeted for blocking this proton channel.
Unfortunately, many influenza types became resistant against Amantadine and
Rimantadine. This raises the need for the development of novel M2 Protein blocking
agents.

Based on Adamantane, different structural derivatives were synthesized. The
affinity of 20 different derivatives towards two different mutants of the
transmembrane domain of the M2 Protein were investigated using isothermal
microcalorimetry. This method monitors the heat of binding and allows for an
accurate, label free determination of affinity constants.

Some of these novel substances showed even higher affinities towards the M2
protein channel than the commercially available drugs Rimandtadine and
Amantadine. Thus, based on the tested substances, novel antiviral drugs could be
developed.

1Taubenberger, J. K.; Reid, A. H.; Lourens, R. M.; Wang, R.; Jin, G.; Fanning, T. G.
Nature 2005, 437, 889;

WHO Influenca fact sheet

L H. Pinto, L.J. Holsinger and R.A. Lamb, Cell 69 (1992), p. 517

‘AJ. Hay, A.J. Wolstenholme, J.J. Skehel and M.H. Smith, EMBO J. 4 (1985), p.
3021
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QUANTIFICATION OF TOTAL HESPERETIN AND HESPERETIN
ENANTIOMERS IN BIOLOGICAL MATRICES VIA UPLC-MS/MS

A. Léveques, L. Actis-Goretta, M. J. Rein, G. Williamson, F. Dionisi, F. Giuffrida

Nutrient Bioavailability Group - BioAnalytical Science Department, Nestlé Research
Center, Nestec Ltd., Lausanne, Switzerland

E-mail: antoine.leveques@rdls.nestle.com

Hesperidin (hesperetin-7-O-rutinoside), a flavonoid affecting vascular function, is
abundant in citrus fruits and derived products such as juices . After oral
administration, hesperidin is hydrolyzed by the colonic microbiota producing
hesperetin-7-O-glucoside, the glucoside group is further cleaved and the resulting
hesperetin is absorbed and metabolized. Flavanones have a chiral carbon
generating (R)- and (S)-enantiomers, with potentially different biological activities. A
rapid UPLC-MS/MS method for the analysis of (R)- and (S)-hesperetin enantiomers
in human plasma and urine was developed and validated. Biological matrices were
incubated with B-glucuronidase/sulfatase, and hesperetin was isolated by solid-
phase extraction using 96-well plate mixed-mode cartridges having reversed-phase
and anion-exchange functionalities. Racemic hesperetin was analysed with a UPLC
HSS T3 reversed phase column and hesperetin enantiomers with a HPLC
Chiralpak IA3 column using water with 0.1% formic acid as solvent A and
acetonitrile with 0.1% formic acid as solvent B. The method was linear between 50
and 5000 nM for racemic hesperetin in plasma and between 25 and 2500 nM for
(S)- and (R)-hesperetin in plasma. Linearity was achieved between 100 and 10000
nM for racemic hesperetin in urine and between 50 and 5000 nM for (S)- and (R)-
hesperetin in urine. Values of repeatability and intermediate reproducibility for
racemic hesperetin and enantiomers in plasma and urine were below 15% of
deviation in general, and maximum 20% for the lowest concentrations. In addition,
the method was applied for the quantification of total hesperetin and of hesperetin
enantiomers in human plasma and urine samples, obtained after oral ingestion of
purified hesperetin-7-O-glucoside. In conclusion, the developed and validated
method was sensitive, accurate and precise for the quantification of enantiomers of
hesperetin in biological fluids.
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ISOLATION OF THE INSULIN-LIKE GROWTH FACTOR-BINDING PROTEIN-
3/TRANSFERRIN COMPLEX FROM THE HUMAN SERUM

G. Miljus, M. Petrovi¢ and O. Nedié

Institute for the application of nuclear energy-INEP, University of Belgrade,
Belgrade, Serbia

E-mail:: goranm@inep.co.rs

Insulin-like growth factors (IGFs) are anabolic hormones whose activities are
regulatetd via binding to IGF-binding proteins (IGFBPs). IGFBP-3 is the most
abundant, forming complexes with IGFs and acid-labile subunit. These complexes
serve as an IGF reservoir in the circulation. IGFBP-3 was also reported to form
complexes with other proteins, including transferrin (Tf). Tf is the main transporting
protein for iron (Fe) and it regulates Fe distribution. A complex formation between
IGFBP-3 and Tf could influence Fe metabolism and it may be postulated that the
anabolic action of the IGF system extends on the Fe metabolism. In order to study
this relationship, an IGFBP-3/Tf complex was isolated from human serum and
investigated. A wide repertoir of affinity methods was tested: metal-, lectin- and
immuno-affinity methods. The most informative results were obtained with immuno-
affinity techniques: immuno-affinity chromatography, immunoelectrophoresis and
immunoprecipitation with anti-Tf or anti-IGFBP-3 antibodies. The presence of
IGFBP-3 and Tf during isolation was confirmed by SDS/PAGE/immunoblotting.
Immuno-affinity chromatography revealed that IGFBP-3 bound to only one Tf
isoform. Immunoelectrophoresis demonstrated that the IGFBP-3/Tf complex
exhibited a mobility different from those of the native IGFBP-3 and Tf molecules. It
could be isolated from the gel, but it was unstable and decomposed upon
preparation for SDS/PAGE. Immunoprecipitation method resulted in the isolation of
the stable IGFBP-3/Tf complex. A ,two step“ procedure was applied. Firstly, serum
sample interacted with immobilised anti-IGFBP-3 antibodies and, after specific
elution, a fraction containing all IGFBP-3-immunoreactive species was allowed to
interact with immobilised anti-Tf antibodies. Immunoblotting confirmed that the
preparation obtained did not contain free IGFBP-3 or Tf molecules. According to the
results reported here, immunoprecipitation can be recommended as a method of
choice to isolate a stable IGFBP-3/Tf complex from the serum, which can be further
used to study physiological relationship between IGF system and iron metabolism.



BC20 Session A

OPTIMIZATION OF ANALYTICAL METHODS FOR METALLOPROTEOMIC
STUDY OF MERCURY IN FISH MUSCLE FROM AMAZON REGION - BRAZIL
USING 2D ELECTROPHORESIS AND SYNCHROTRON RADIATION X-RAY
FLUORESCENCE
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In the last decades studies developed have reported that about 50 tons of mercury
released into the environment from gold mining activities have been deposited in
water bodies and soils near the Madeira River.1,2 Thus, the elucidation of the
mechanisms of mercury toxicity is critical to the socio-environment of this region.
Here we presented preliminary results of metalloproteomic study of mercury in fish
muscle samples from JIRAU Hydroelectric using two-dimensional polyacrylamide
gel electrophoresis (2D-PAGE) and synchrotron radiation X-ray fluorescence
(SRXRF). The primary objective is the possible identification of biomarkers protein
of mercury with samples of muscle tissue from Mylossoma sp. (‘pacu”) and
Brachyplatystoma rousseeaxii (“dourada”). The muscle samples were macerated in
deionized water and subsequently their proteins were precipitated by mixing of the
extracts with ice-cold solution of acetone 80% (v/v). The protein precipitate was
then centrifuged to separate the supernatant and resolubilized in specific buffer.
The resulting solution was then used in the protein separations by 2D-PAGE (gel
12.5%). The protein spots obtained were cut out from the gel and analyzed by SR
XRF for the determination qualitative of mercury. The preliminary analysis revealed
the mercury presence in two protein spots wich presents molecular weight of 19.8
and 20.8 kDa and isoelectric point of 7.5 and 5.6, respectively.

References

1. Bastos, W., Lacerda, L.D. Geochimica Brasiliensis, 18, 99, 2004.

2. Lacerda, L.D., Souza, M., Ribeiro, M.G. Environ. Pollut., 129, 247, 2004.
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NOVEL ASPECTS OF THE APPLICATION OF WATER-MISCIBLE IONIC
LIQUIDS IN CATALYSIS BY PLANT PEROXIDASES: FORMATION OF THE
REACTION MEDIA AND SUPPORTING MATERIAL FOR THE ENZYME
IMMOBILIZATION
S. Muginova, A. Poliakov, D. Myasnikova, and T. Shekhovtsova
M.V. Lomonosov Moscow State University, Chemical Department, Moscow, Russia
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The area of the application of solvents of a new generation — ionic liquids (ILs) — in
chemical analysis and biotechnology is constantly expanding. In this report, the
attention is focused on two aspects of the application of some commercial
hydrophilic ILs and plant peroxidases isolated from horseradish roots (HRP) and
soybean hulls (SBP) in biochemical methods of analysis.

The first aspect involves the use of IL (1-butyl-2-methylimidazolium ([BMIm]) and N-
butyl-3-methylpyridinium ([BMPy]) tetrafluoroborates)-water mixtures as the reaction
media for the transformation of the model phenolic substrates of peroxidases
(guaiacol and o-chlorophenol) by tert-butyl hydroperoxide. Using hydrophilic ILs
instead of organic solvents (acetonitrile and DMSO) and the optimization of the
reaction medium composition provided the oxidation of phenolic compounds
catalyzed by plant peroxidases in the presence of 60 — 80 vol% of IL. As a result,
the procedures for the determination of 3 uM — 3 mM of the indicated substrates in
samples with low water content (pharmaceuticals, for example) were developed.
The catalytic activity of the considered plant peroxidases controlled by
spectrophotometric method, and their substrate specificity was found to depend
significantly on the nature of the enzyme, IL cation, and buffer solution used as co-
solvent for IL. Thus, SBP had the greatest catalytic activity and substrate specificity
towards guaiacol, whereas HRP was more preferable for the transformation of o-
chlorophenol in [BMIm][BF4]-water mixture (70:30 vol%).

The second aspect employs ILs including [BMIm] cation and some anions (CI, Br,
CH3COQ") for obtaining active and stable peroxidase-cellulose composites in the
form of thin and transparent films as the sensitive element of the optical biosensors.
The conditions of the formation, storage and applicability of the novel composites in
the reactions of aryldiamines (o-phenylendiamine, o-dianisidine, 3,3’,5,5-
tetramethylbensidine) and catecholamines (dopamine, adrenaline, a-methyldopa,
dobutamine) oxidation by H.O, were optimized.

The discussion of the efficiency of catalysis by plant peroxidases in the presence of
ILs employed cosmotropia theory for ions of the considered ILs, the logP values
characterizing the polarity of ILs, and the pl values of the enzymes.

(RFBR project, no. 09-03-00823-a and contract of the RF Ministry of Education and
Science, no. 991 2010, 27 May).
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PRELIMINARY RESULTS OF THE METALLOMIC STUDY OF MUSCLE TISSUE
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The last few years in Brazil have seen a considerable increase in Nile tilapia
(Oreochromis niloticus) production, motivating aquaculture researchers to develop
studies focusing on the behavior, physiology, genetics and nutrition of this fish
species [1]. There is a consensus among researchers about the fundamental
importance of metal ions as structural and functional components of fishes, e.g.
from the structural standpoint: the copper and zinc present in metallothioneins; and
from the functional aspect: the catalyzing role of these ions on enzyme systems [2].
Considering the above, an investigation was made on Nile tilapia muscle samples
obtained after protein separation. The proteins of Nile tilapia muscle was separated
by 2D-PAGE and copper, iron, selenium and zinc in protein spots was qualitatively
and quantitatively determined by synchrotron radiation X-ray fluorescence (SR-
XRF) and graphite furnace atomic absorption spectrometry (GFAAS). Copper, iron,
selenium and zinc are present in four muscle protein spots with molecular weights
of 14.6, 35.1, 11.2 and 56.6 kDa, respectively and with isoelectric point (pl) ranging
from 6.1 to 9.6. The concentrations of copper, iron, selenium and zinc bound to
these proteins was determined by GFAAS following acid digestion of the spots
presents ranges from 3.5—4.4 mg of copper, 1.05-1.5 mg of iron, 1.5-6.8 mg of
selenium and 1.5 mg of zinc, respectively, per g of protein. The quantification of
these elements in the protein spots enabled us to estimate that the proteins in the
protein spots here studied contained proportions of one to two atoms of these
elements per protein molecule.

References

1. Silva F.A., Neves R.C.F., Quintero-Pinto L.G., Padilha C.C.F., Jorge S.M.A.,
Barros M.M., Pezzato L.E., Padilha P.M. Chemosphere 68:1542—-1547, 2007.

2. Lima P.M., Neves R.C.F., Santos F.A., Pérez C.A., Silva M.A.O., Arruda M.A.Z.,
Castro G.R., Padilha P.M. Talanta 82:1052-1056, 2010.
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ENZYME-BIOSILICA NANOSTRUCTURES: A MINIATURIZED AUTOMATIC
APPROACH
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The enzyme immobilization enhances the stability and hence applicability of
biomolecules as reusable and robust biocatalysts. However, most methods used to
synthesize mesoporous, nanostructured and/or hybridized silica materials use
harsh conditions which limits their applicability to encapsulate biomolecules [1]. In
contrast, the production under mild physiological conditions of nanostructured silica
in natural systems by diatoms and sponges has been considered a process to
mimic with great potential in the silicon technology [2].

So, the use of a biomimetic approach to synthesize biosilica nanostructures
provides a rapid and simple alternative method for the enzyme immobilization that
results in the physical entrapment of enzymes within silica nanospheres as they are
formed. The primary advantage of the biological synthesis of silica is the benign
reaction conditions (ambient temperatures, physiological pH range and aqueous
solvents) which favor retention of biological activity. Thus, the catalytic
nanostructures provide an ideal solution to the equilibrium that should be always
regarded between minimum diffusion limitation, maximum surface area per unit
mass, and high enzyme loading. Moreover, it occurs in ambient environmental
conditions involving only a silica precursor and a biological catalyst, occurring the
immobilization of the enzyme within seconds.

In the present communication, different precursors (templates and silica derivatives)
and reaction conditions are tested, regarding not only the morphology and size of
the particles obtained but also its stability and consequent activity of the enzymes.
The developed nanosilica particles are used in a reactor (IMER) and incorporated in
an automated flow system. This miniaturized approach could demonstrate the
analytical potential of the biocatalytic nanoparticles in order to guarantee reliable,
cost-effective and fast methods, which enable real-time continuous monitoring, low
reagent consumption and reuse of the catalytic surface.

[1]1 R. B. Bhatia, C. J. Brinker, Chem. Mater. 2000, 12, 2434.
[2] M. Sumper, e. Brunner, Adv. Funct. Mater. 2006, 16, 17.
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INFLUENCE OF BILE ACIDS’ STEROID NUCLEUS ON THEIR PARTITION
COEFFICIENT BETWEEN CHLOROFORM, DIBUTYL ETHER AND WATER
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Bile acids are well known natural surfactants that modify permeability of biological
membranes [1]. Partly because of that they have a wide pharmacological
application. Since bile acids promote transport of drugs through cell membranes it is
important to know their partition coefficients in chloroform and dibutyl ether as
models for blood brain barrier. Thus, the aim of this work is to determine partition
coefficients of bile acids between chloroform, dibutyl ether and water and to
examine the influence of the structure of bile acids’ nucleus on measured partition
coefficients. Special attention is paid on bile acids’ oxo derivatives since they have
a lower toxicity and their physico- chemical properties are not examined yet.
Partition coefficients were determined using shake- flask method and concentration
of bile acids were determined after twelve hours of shaking at room temperature in
aqueous and organic layer using reversed phase HPLC with DAD detector on 210
nm.

It is found that, for both organic solvents after substitution of bile acids’ hydroxyl
group with oxo group in the steroid nucleus the value of logP falls especially if more
oxo group are present. This can be explained as bile acid molecules with oxo
groups are more stabilised in aqueous than in organic solvent since oxo group
forms the angle of 30 ° with steroid skeleton mean plane i.e. it is in equatorial
position. Thus, since spatial reasons, stabilisation is possible from the both sides of
the steroid skeleton while for bile acids with axial oxo groups (cholic and
deoxycholic acid) stabilisation is possible only from the a side of the steroid
skeleton and for them balance is favored toward organic solvent and that is the
reason why water molecules are liberated and they move back in solution while
entropy rises. In dibutyl ether partition coefficients for oxo derivatives are lower
since chloroform has one hydrogen as proton donor and forms hydrogen bonds with
oxygen atoms while dibutyl ether as a proton acceptor doesn’t have the possibility
for formation of hydrogen bonds.

The work was financially supported by the Provincial Secretariat for Science and
Technological Development, AP Vojvodina, Republic of Serbia, Grant No.114-451-
2113/2011-01.

[1] M. Mikov, J. P. Fawcett, K. Kuhajda, S. Kevresan: Pharmacology of Bile Acids
and their Derivatives: Absorption Promoters and Therapeutic Agents, p. 177-203. In
M. Mikov and J. P. Fawcett (Eds.): BILE ACIDS. Chemistry, Biosynthesis, Analysis,
Chemical and Metabolic Transformations and Pharmacology, MEDISET
PUBLISHER, Geneva, Switzerland, 2007.
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ASSAY OF NEUROTOXINS

M Pohanka1, J Povraznik?
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Republic
2Decomkov, Praha, Czech Republic

E-mail: miroslav.pohanka@gmail.com

Acetylcholinesterase (AChE) is an enzyme playing a pivotal role in cholinergic
neurotransmission. It is inhibited by a wide group of neurotoxic compounds. Owing
to the practical significance, pesticides (e.g. carbaryl, dichlorvos, dimethoate) nerve
agents (e.g. sarin, soman, tabun, VX) natural toxins (e.g. aflatoxins from Aspergillus
flavus) and drugs (e.g. Alzheimer’s disease drugs galantamine, rivastigmine,
donepezil) can be example as the AChE inhibitors. The neurotoxins can be easily
assayed by devices containing AChE as a recognition element. Several colorimetric
dipsticks and biosensors are typical tools containing AChE. The reported
experiment is devoted to the construction of dipstick with immobilized AChE and
indoxylacetate respective 2,5-dichlorophenol acetate as substrates. Original idea is
to construct devices providing a contrast coloration comparing to the commercially
available devices based on color change white to yellow as they use Ellman’s
reagent. AChE was immobilized as a membrane stabilized by gelatin,
glutaraldehyde and albumin, or cyclodextrins on cellulose, wax film, cotton gauze or
alumina covered by silicagel. The immobilization procedure was optimized. After the
optimization, the prepared dipsticks were tested for a long term stability and
suitability for assay of neurotoxic compounds. We proved good stability with no
relevant decay of the immobilized AChE activity when dipstick stored at laboratory
temperature for one month. We assayed nerve agents (sarin, soman, VX),
paraoxon and neostigmine as representative neurotoxins. When assessed the
coloration by a naked eye, the limit of detection was approximately 100 nmol/l for
the tested compounds. We infer suitability of the constructed dipsticks for fast and
low cost field assay.
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USE OF CAPILLARY ELECTROPHORESIS OF NUCLEOTIDES AS A RAPID
METHOD FOR INSECT METABOLIC STATUS ASSESSMENT

2.D. Popovi¢'?, V. Maier®, D. Koji¢, J. Pura¢’, E. Pamer', S. Go$i¢é-Dondo®,
G. Grubor-Lajsi¢', V. Kost'al?
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Olomouc, Olomouc, Czech Republic
4 Maize Research Institute “Zemun Polje“, Belgrade, Serbia
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Capillary electrophoresis (CE) and related capillary techniques are widely
exploited in the biomedical sciences not only because they have high
separation power and sufficient selectivity under properly chosen conditions, but
also because they can separate the most diverse types of compounds. In this
study, CE of nucleotides is used as a rapid method for metabolic status assessment
of diapausing larvae of the European corn borer Ostrinia nubilalis. Diapause is a
state of arrested development that enables insects to survive predictable
unfavourable environmental conditions (lack of food, high/low temperatures,
hypoxia/anoxia). It is characterised as a hypometabolic state with a strong net
suppression of organismal metabolic rate, targeting and coordinating both ATP-
utilization as well as ATP-generation in the cell.

Whole body homogenates of the 5" instar diapausing larvae of O. nubilalis of
different age were analyzed by capillary electrophoresis to estimate the
concentration of selected nucleotides: ATP, ADP, AMP, NAD, NADP. The
homogenates were deproteinated using methanol, sonicated and centrifuged.
Supernatants were evaporated under nitrogen stream, and dry pellets reconstituted
in ultrapure water and directly injected into capillary. CE separation was performed
under following conditions: background electrolyte of 40 mM citrate titrated with y-
aminobutyric acid pH 4.4 with addition of 0.8 mM cetyltrimethylammonium bromide,
U = -25 kV, detection wavelength 260 nm, injection 50 mbar/20 s, total capillary
length 80.5 cm, length of capillary from injection to detection point 72 cm, internal
diameter 75 ym. Between analyses of different samples, the capillary was flushed
by background electrolyte for 3 min.

Results showed that the concentrations of ATP and NADP decreased during
diapause, while the concentrations of ADP, AMP and NAD increased. An ATP/ADP
ratio decrease during diapause confirms that diapause is a hypometabolic state with
strong metabolic suppression. Our results confirmed that capillary electrophoresis
can be used as a rapid and reliable method for metabolomic analysis of complex
biological mixtures and metabolic status assessment.
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METABOLIC STUDIES WITH BOVINE BLOOD PLASMA AFTER TREATMENT
WITH IVERMECTIN EMPLOYING Hi-Res NMR

M. P. Postigo,®® A. C. S. Chagas,® M. C. S. Oliveira,°L. A. Colnago®
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Despite the constant advances in food science and quality control methods, which
gathers Analytical Chemistry, Veterinary and Farmacology, there are several issues
related to misuse of veterinarian drugs, such as Ivermectin, a powerful and effective
anti-helmintic drug. The balance between avoiding diseases and respecting the
recommended dosis and drug withdrawals period is the major focus of cattle
producers, which is often unobtained. In this context, this job presents a
novel method for detecting the consequences of misadministration of Ivermectin in
blood plasma composition, in order to provide a new way to understand bovine
metabonomics.

For our studies, blood plasma samples were semi-lyophilized for concentration
increase and added of 20% of D,O for the lock signal, followed by addition of 100
mM of phosphate buffer, at pH = 7. 4. NMR analysis were carried out in a Varian
INOVA 400 spectrometer. 'H data were obtained by summing 32 spectra obtained
with a conventional PRESAT sequence, in order to suppress water signal, much
more |ntense than metabolites signals. 3c spectra were obtained by both
traditional” and SSFP pulse sequences, which allows a much higher number of
acquisitions in a shorter perlod of time. The results show that SSFP-NMR can be a
valuable technique for fast °C data acqwsmon which is a powerful complementary
tool for metabolite identification, made via 'H-NMR. After chemometric studies of
these data, we are able to identify the regions in H spectra responsible for
distinguishing samples. Frequently, the large amount of peaks demands some tools
for a|d|n3q this identification, so we emg)loyed both Human Metabolome Database
(HMDB)” and Metabolomics Database™ which allows identifying taurine, creatine,
creatinine, hippurate, citrate and urea as main metabolites, and a modest variation
for acetate signals, what can be related to a light ketotic condition, to be confirmed
in future experiments.

Finally, NMR analysis for both 'H and "C represent a fast metabolic data
acquisition method and also a first step for comprehension of metabolism behavior
when this is externally disturbed, as by lvermectin administration.
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A MULTICLASS METHOD FOR ENDOCRINE DISRUPTING CHEMICAL
RESIDUE ANALYSIS IN HUMAN PLACENTAL TISSUE SAMPLES BY UHPLC-
MS/MS
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The group of compounds commonly called endocrine disrupting chemicals covers a
wide range of synthetic and natural substances able to alter the normal hormone
function of wildlife and humans, consequently causing adverse health effects.
Bisphenol A (BPA) and its chlorinated derivatives, benzophenones (BPs) and
parabens (PBs) belong to this group of compounds. In this work, we propose a
multiclass ultra high performance liquid chromatographytandem mass spectrometry
(UHPLC-MS/MS) method to determine BPA, its four chlorinated derivatives
(monochloro- dichloro, trichloro- and tetrachloro- bisphenol A), six BPs
(benzophenone-1, benzophenone-2, benzophenone-3, benzophenone-6,
benzophenone-8 and 4-hidroxybenzophenone) and four PBs (methylparaben,
ethylparaben, propylparaben and butylparaben) in human placental tissue samples.
The method involves an extraction step of the analytes from the samples using
ethyl acetate, followed by a clean-up step by centrifugation prior to their
quantification by UHPLC-MS/MS using an atmospheric pressure chemical
ionization (APCI) interface in negative mode. Deuterated bisphenol A (BPA-d16)
was used as surrogate. The limits of detection (LOD) found ranged from 0.03 to 0.6
ng g-1, while inter- and intra-day variability was under 13.8%. The method was
validated using matrix-matched calibration standard and a spike recovery assay.
Recovery rates for spiked samples ranged from 90% to 110%. This method was
applied to the determination of these compounds in 50 placental tissue samples
collected from women who live in the province of Granada (Spain).
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SEPARATION OF NUCLEOSIDES AND NUCLEOBASES BY ZWITTERIONIC
HYDROPHILIC INTERACTION CHROMATOGRAPHY: EVALUATION OF THE

ELECTROSTATIC CONTRIBUTION TO THE RETENTION MECHANISM.
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Hydrophilic interaction chromatography (HILIC) is a viable alternative to RPLC for
the separation of polar compounds. HILIC is based on the use of polar stationary
phases combined with mobile phases with a high organic content and a small
amount of water. A partition mechanism between the aqueous layer associated with
the stationary phase and the organic component of the mobile phase has been
proposed to explain separation in HILIC. However, later studies have shown that
the mechanism of retention involves more complex equilibria. Moreover, the
presence of charged sites in the stationary phase in zwitterionic hydrophilic
chromatography (ZIC-HILIC) would propitiate the appearance of other retention
mechanisms.

This study explores the benefits and limitations, on a quantitative basis, of using
ZIC-HILIC for the separation of modified nucleosides and nucleobases (MNN).
Studies have addressed the potential of MNN as markers of several diseases and,
mainly, as early markers of different types of cancer. The MNN selected were 8-
hydroxy-guanine, 8-hydroxy-guanosine, 8-hydroxy-2’-deoxyguanosine, 1-methyl-
guanine, 7-methyl-guanine and 9-methyl-guanine.

The results obtained from the study of the different parameters affecting separation,
especially salt nature and concentration, showed that separation in the ZIC-HILIC
column is based on a mechanism of partition and interaction through weak
electrostatic forces; however, the mechanism is complex, and it presumably
involves other processes such as retention of the MNN with hydroxyl groups by
hydrogen bonding.

The contribution of the electrostatic interactions to the retention of the charged
analytes reached values between 25-52% when 80% acetonitrile:20% formic acid
(2.6 mM, pH 3.1) with 0.25mM ammonium perchlorate was used as the mobile
phase, and between 26-49% when potassium perchlorate was used instead. The
electrostatic contribution decreased progressively as the salt concentration rose.
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ULTRASENSITIVE CHEMILUMINESCENT ENZYME IMMUNOASSAY
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The most sensitive format of enzyme immunoassay (EIA) is the assay with

chemiluminescent (CL) detection of enzyme activity of immunoreagents.

Traditionally in CL-EIA horseradish peroxidase (HRP) and 4-iodophenol (PIP) are

used as enzyme label and enhancer, respectively. This enhanced

chemiluminescence reaction has been successfully used in development of ultra-

sensitive immunochemical kits for the determination of various compounds. A

drawback of HRP-C as a label in CL-EIA is the relatively quick decay of CL signal.

Recently, we showed that a combination of 3-(10’-phenothiazinyl)propane-1-

sulfonate (SPTZ) and 4-morpholinopyridine (MORPH) is a potent enhancement

system of soybean peroxidase (SbP)-induced CL [1]. A detection limit of

SbP/SPTZ/MORPH system (0.03 pM) was 40-fold lower than that of HRP/PIP

system. Moreover, upon luminol oxidation the SbP/SPTZ/MORPH system produced

a long-term CL signal. Therefore, a replacement of HRP/PIP with

SbP/SPTZ/MORPH system allowed to solve the question connecting with the quick

decay of the CL signal. The novel detection system was applied successfully in

construction of ultrasensitive EIA kit for determination of thyroglobulin in human
serum [2]. The study showed that a lower detection limit (LOD) of the CL-EIA with

SbP/SPTZ/MORPH was 10 times lower than for the immunoassay with HRP/PIP.

This opens good perspectives for use of SbP/SPTZ/MORPH system in the

development of ultra-sensitive immunoassay kits.
References:

1. Vdovenko, M.M.; Della Ciana, L.; Sakharov, |.Yu. 3-(10’-Phenothiazinyl)
propane-1-sulfonate is a potent enhancer of soybean peroxidase-induced
chemiluminescence. Analyt. Biochem. 2009, 392, 54.

2. Vdovenko, M.M.; Zubkov, A.V.; Kuznetsova, G.l.; et al. Development of ultra-
sensitive soybean peroxidase-based CL-ELISA for the determination of
human thyroglobulin. J. Immunol. Meth., 2010, 362, 127.
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Luminescence spectroscopy gives many opportunities to determine the biologically
active substances (BAS) for example by their own fluorescence, fluorescence of
their derivatives or using sensitized fluorescence of lanthanide complexes. The last
approach is more effective and popular because of its high sensitivity and better
selectivity. In such complexes, the energy absorbed by organic BAS-ligand (donor)
is first transferred to its triplet state through intersystem crossing and then
intramolecularly transferred to a closest resonance level of the lanthanide ion
(acceptor) which finally emits sensitized fluorescence displaying so-called “antenna”
effect. Solubilization of the chelate in nanosized micellar assembly can be another
factor strengthening the antenna effect. This solubilization promotes concentrating
the reaction components, enhances stability of the chelate, stimulates additional
lanthanide dehydration, and as a result increases the efficiency of excitation energy
transfer and the intensity of analytical signal.

The aim of the report is to reveal major factors influencing the efficiency of electron
excitation energy transfer in chelates of Eu(lll) and Tb(lll) ions with different BAS-
ligands (tetracycline and fluoroquinolone antibiotics, amino acids, coumarine
anticoagulants) in different micelles and some microemulsions and their practical
application in fluorimetric analysis. It was shown that micelles of ionic and nonionic
surfactants enhance the own fluorescence of some fluoroquinolones and
coumarines and decrease the limit of detection to a 510”° M (lomefloxacin) or 410
M (warfarin). The same enhancing effect observes on solubilization in micelles of
lanthanide chelates with one kind of BAS-ligand or mixed-ligand complexes.
Introduction of a second ligand into the binary lanthanoid-BAS complex may
accompanied by two effects, namely: i) an increase in the excitation energy transfer
efficiency as a result of replacement of the remaining water molecules (quenchers)
from the first coordination sphere of the metal ion and additional excitation energy
transfer from the second ligand to the lanthanide ion (the antenna effect), and ii)
quenching of lanthanide chelate fluorescence due to the formed complexes having
poorer fluorescent properties. As a result of joint action of the second ligand and
micelles the analytical signal is enhanced by n10 times compared to binary
complex. General regularities were established at studying the influence of
surfactant micelle nature on the efficiency of energy transfer in mixed-ligand
complexes. Applications of the studied complexes in analysis of drugs, biological
and nutrition objects, and soils are considered.
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SENSITIVE FLUORESCENT DETERMINATION OF PEROXIDASE
SUBSTRATES IN AQUEOUS-ORGANIC AND MICELLAR MEDIA
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Horseradish peroxidase (HRP) is one of the widely used enzymes in bioanalytical
chemistry. However, efficient use of HRP in bioanalysis still has to overcome a
number of limitations, in particular, limited sensitivity of earlier proposed biosensors
for the determination of its substrates in clinical, nutritional and environmental
samples, and low operating activity of the biocatalyst in organic media which is
necessary for the determination of low water-soluble analytes in water-insoluble
samples.

In the present work we propose some promising approaches for sensitive and
selective fluorescent determination of a number of HRP substrates in real samples
of various nature.

Catecholamines (dopamine, epinephrine, nofepinephrine, serotonine, L-DOPA) and
flavonoids (quercetin, rutine, esculitin in particular) belong to biologically active
compounds which regulate processes in human and plant systems. In order to
create new highly sensitive Procedures for the determination of the listed analytes in
the range 1-10 nmol I, we employed their enzymatic derivatization by
benzylamine. It was shown that quantum vyield of fluorescence of the substrate
derivatives increased dramatically in the presence of cationic or nonionogenic
surfactants (CTAB or Tween 20) and in the presence of dimethylsulfoxide (10-30
vol. %).

The approach based on the use of micellar and aqueous-organic media was
successfully applied for the fluorescent determination of poorly water-soluble
organic peroxides (markers of food quality). HRP-catalyzed oxidation of fluorescein
by these analytes was used as the indicator reaction.

Moreover, some of the proposed recognition systems were used for the
development of fluorescent solid biosensors on the basis of chitosan/peroxidase
films for the determination of dopamine and epinephrine.

The analytical prospects of the developed fluorescent procedures were
demonstrated in the analysis of some pharmaceuticals, herbal materials, foods,
urine and human blood serum.

The study was supported by RFBR (N 09-03-00-823-a) and RF Ministry of
Education and Science (contract P868 2010/25/05).
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In this work, the possibilities and limitations of the systematic optimization of fast
chromatographic methods for separation of compounds with similar structures, but
different physico-chemical characteristics are presented. Different chromatographic
methods were developed, optimized and validated for the determination of alkaloids
from opium poppy (Papaver somniferum L., Papaveraceae).

The effects of different chromatographic conditions on the defined chromatographic
descriptors during the optimization process were investigated by use of
chemometrics. Full factorial linear design of experiments was used for the
determination of the relationship between the chromatografic conditions and the
retention behaviour of the analytes and the central composite circumscribed design
for the final method optimization. The chemometric aproach was effectively
employed for a more profound understanding of the basic processes underlying
chromatographic separations and an increasement of the reliability of the proposed
methods.

The separation of the opium alkaloids using gas chromatography hyphenated with
flame ionasation detector and mass spectrometer (GC/FID/MSD) was achieved
within ten minutes, avoiding the derivatisation step. The separation of all
compounds on a reversed phase HPLC system and diode array detection (RP-
HPLC/DAD) was obtained within close retention window using optimized gradient
elution with high pH value of the mobile phase on a reversed phase column with
bidentate C18-C18 bonding technology. The internal standards were used for both
of the methods.

The methods were used for determination of opium alkaloids from poppy straw. The
methods were compared for their sensitivity, efficacy, speed, simplicity, price,
ecological aspects and compatibility with the extraction procedure.
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MULTIVARIATE ANALYSIS OF PESTICIDE RESIDUES IN FOODSTUFFS OF
PLANT ORIGIN - SELECTION OF REPRESENTATIVE ANALYTES
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The cost effective monitoring of hundreds of pesticide residues in foodstuffs of
vegetable origin involves the definition of groups of analytes associated with
homogeneous performance parameters of the used analytical method. The
performance of the analytical method only needs to be tested on a daily base for
some of these group’s compounds. This work proposes a strategy for defining
groups of compounds with homogeneous physical-chemical properties based on
the evaluation of the similarity of the multivariate pattern of these properties using
three competing multivariate analysis tools, namely, Principal Component Analysis,
Hierarchical Clustering and K-Mean Clustering. This strategy was successfully used
to group 100 pesticides in nine clusters represented by a compound with within
group average properties. The developed groups were validated using physical-
chemical data from other references or compounds and are consistent with the
performance of the studied determination of pesticide residues in dried red bean.
This grouping can support the reduction of the number of recovery tests performed
for the validation of the analytical method or tests quality control.
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INTEGRATED ANALYSIS OF HETEROGENEOUS ANALYTICAL
DATA FOR THE DETECTION OF MEAT SPOILAGE
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In this study, we evaluate various approaches for the integration of data from a
diverse range of analytical instruments, with the aim of detecting bacterial spoilage
in meat. The chief goal is to test the hypothesis that different instruments provide
complementary information which, when brought together in an integrated analysis,
can provide a more reliable method for spoilage detection than any single
instrument.

We have used data acquired from three main experimental techniques:
spectroscopy, high performance liquid chromatography (HPLC) and electronic
nose. The first step in the analysis of the data is the application of unsupervised
methods for the extraction of prominent features, followed by geometric
transformations. The results of these analyses are integrated into a consensus
profile, which is subsequently used as input to a classification model. Classification
techniques that have been investigated include partial least squares discriminant
analysis

(PLS-DA) and support vector machines (SVMs). Ensembles of individual classifiers
have been used to maximise the accuracy and provide a confidence score for each
classification.

A thorough model training, optimisation and evaluation process has been
implemented throughout the analysis to ensure that the performance metrics of the
classification models are representative of real world application and to provide an
indication of the statistical significance of our results.

The motivation for this work is to improve the speed and accuracy with which
spoilage of meat products can be identified. Preventing spoiled meat products
entering the food chain is of major commercial and public health interest. This work
was carried out as part of the SYMBIOSIS-EU project, funded by European
Commission Framework 7. More information can be found at the project web site:
http://www.symbiosis-eu.net/.
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ESTIMATION OF MINIMUM RELATIVE ERRORS OF THE PARTIAL LEAST
SQUARES MULTIVARIATE REGRESSION IN ANALYTICAL SPECTROMETRY

J.M. Dubrovkin
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Earlier [1], using the inverse least squares (ILS) and the classical least squares
(CLS) explicitly regularized estimators of multivariate calibration [2], we developed
a new method of evaluating the potentially achievable relative accuracy and
precision for the determination of individual component concentrations in mixtures
prior to performing analytical procedures. In the present study, we estimate the
mean squared relative errors (MRSE) of the quantitative determination of mixture
components using partial least squares regression (PLSR). It is assumed that
there are no systematic calibration errors and the noise of the measurements is
white. We use the simulated mixture spectra of Gaussian curves with different
widths and the UV-VIS spectra of Excedrin tablets [3]. For a given concentration
vector of the mixture, the relative weights of the pure-component spectra (RWPC)
in the mixture spectrum and in the calibration matrix are changed simultaneously
in the range of 0.01-0.99.

For the first time, the existence of the MRSE dependence on RWPC has been
discovered. The corresponding ternary diagrams, calculated using the error
propagation expressions, are in satisfactory agreement with the diagrams
obtained by the method of modelling.

It is shown that there exist optimal regions of RWPC, which allow minimizing the
MRSE values for a given analytical procedure. We have also studied the
dependence of MRSE values on the number of PLSR factors and on the noise
variances for different calibration matrices. Lower MRSE values in a wider range
of RWPC and shorter computation time are the main advantages of the PLSR
estimator over the Tikhonov-regularized CLS and ILS estimators [1]. The
implementation of the above findings is discussed.

References

1. Dubrovkin J. M. ISRANALITICA- 2011.

2. Brown C.D. Anal. Chem. 76, 4364-4373, 2004.
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DT199505_A02.pdf
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Multi-dimensional analytical methods, such as gas chromatography with mass
spectrometry (GC-MS) detection, provide great separation powers. These
techniques can be used for both target and non-target analysis of compounds in
complex mixtures. However, the amount of data provided by these techniques often
exceeds 10° — 10° data points per sample, which makes both target and non-target
analysis difficult and laborious. New automated techniques for peak finding, curve
resolution and quantification are needed to efficiently analyse the data.

Many chemometric methods are ideally suited to help analyse this kind of data.
However, using these methods requires some expert knowledge, both in
implementation and in analysis of the results, which is often not available to the
analytical chemist. What is needed is automated chemometric methods which
requires a minimum of user interaction and gives results that are easy to interpret.
The Automated Peak Extraction and Quantification (APEQ) method is a novel
method for target and non-target analysis. It analyses the GC-MS data of several
samples and outputs the retention times, mass spectra and relative quantity of the
substances present. It is a tiered approach consisting of four tiers: (1) the
chromatogram is split into regions, each containing 1-5 peaks; (2) the number of
peaks in each region is estimated; (3) for each peak, the elution profile, the mass
spectrum and the concentration profile in the samples is approximated. (4) For each
region, the peaks and background is modelled using parallel factor analysis
(PARAFAC). PARAFAC models with different number of factors are tested and the
model with the optimal model complexity is selected automatically. The optimal
model will in most cases be the model with lowest dimensionality (i.e., fewest
factors) that has a factor describing the baseline.

The APEQ method has been used to analyse a set of 12 samples consisting of
polycyclic aromatic hydrocarbons.

The total analysis time was 2 minutes on an ordinary laptop, which included finding
the mass spectra of 41 compounds of which 12 was unexpected, and quantification
of 492 peaks.
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The classification of plants essential oils upon their antibacterial activity by the
multivariate statistical analysis was done. The antibacterial effects of Thymus
vulgaris L., Lavandula angustifolia L. and Calamintha nepeta (L.) Savi essential oil,
expressed as minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) were studied. Eleven types of bacteria were used: (1)
Pseudomonas aeruginosa ATCC 27853; (2) Pseudomonas aeruginosa; (3)
Salmonella enteritidis ATCC 13076; (4) Salmonella enteritidis; (5) Staphylococcus
aureus ATCC 29213; (6) Staphylococcus aureus; (7) Bacillus cereus ATCC 10876;
(8) Bacillus cereus; (9) Escherichia coli ATCC 13706; (10) Escherichia coli (from
urine); and (11) Escherichia coli (from feces). For the chemometric study of the
plants-bacteria system, we used softvere Mathworks MATLAB and two different
methods: principal component analysis (PCA) and hierarchical clustering. For plants
(as scores) and bacteria (as variable) we used full sized PC model, with cross
validation method centering data at the first principal component. The score and
correlation loading plots of PC model showed a similar influence of MIC and MBC
values of tested bacteria for the classification of examined plants. PCA analysis
revealed that essential oil of T. vulgaris L. and L. angustifolia L. in contrast to C.
nepeta (L.) Savi are similar and have strong effect against S. enteritidis and S.
aureus. The similar effect of thyme and lavender oils were also shown for P.
aeruginosa, S. enteritidis ATCC 13076, B. cereus and S. aureus ATCC 29213. PCA
model showed that other tested bacteria have the same influence at all plants
essential oils and that are not relevant for their classifying. The similarity between T.
vulgaris L. and L. angustifolia L. was also confirmed by the hierarchical cluster
analysis used between groups-linkage as cluster method and euclidean distance as
a measure.
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COMBINATION OF CHROMATOGRAPHIC AND CHEMOMETRIC METHODS TO
STUDY THE INTERACTIONS BETWEEN DNA STRANDS

S. Ruiz, A. Checa, R. Gargallo and J. Jaumot
Dept. Of Analytical Chemistry, Universitat de Barcelona, Barcelona, Spain

E-mail: joaquimjaumot@ub.edu

This work describes the combination of size exclusion chromatography and
chemometric resolution methods to study the interactions between different DNA
strands to build up complex structures.

DNA strands can form secondary structures of varying complexity. It is well known
the double helix structure discovered by Watson and Crick in which two
complementary DNA strands interact. However, besides this duplex structure, there
are more complex arrangements such as triplexes (interaction of three strands) or
quadruplexes (interaction of four strands). In recent years, it has been discovered
that these structures could be very important "in vivo" as they could be used in
antigenic therapies or, also, could be closely related to the appearance of certain
types of aging cancer.

Thus, we studied the formation of these structures considering three different
options: a) the formation of duplex structures from the interaction of two single-
stranded DNAs, b) the formation of triplex structures from the interaction of a double
stranded DNA and single-stranded DNA, and, c) the competition of duplex and
quadruplex structures. In some cases, the analysis of the chromatogram at a single
wavelength is enough to confirm the existence of a higher order structure. In other
cases, it is necessary to acquire the entire spectrum at each point of the
chromatogram and to apply chemometric resolution methods in order to detect the
formation of the complex structures.

These results obtained by coupling chromatographic and chemometric techniques
have been validated by using spectroscopic techniques such as molecular
absorption in the ultraviolet or circular dichroism.
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USEFULNESS OF PARALLEL FACTOR ANALYSIS FOR FIBER SELECTION IN
A SOLID PHASE MICROEXTRATION PROCEDURE TO DETERMINE
CHLOROPHENOLS BY MEANS GAS CHROMATOGRAPHY-MASS
SPECTROMETRY DETECTION

R.Morales, M.C. Ortiz, L.A. Sarabia

Facultad de Ciencias, Universidad de Burgos, Burgos, Spain

E-mail: mcortiz@ubu.es

Chlorophenols compounds are widespread in the environment; because of their
toxicity official regulatory organizations have set maximum environmental
concentrations. In this work for select the fiber and evaluate the performance of the
developed method the use of three-way signals that provides the SPME-GC/MS
system is proposed to analyse 2,4-dichlorophenol, 2,4,6-trichlorophenol, 2,3,4,6-
tetrachlorophenol and pentachlorophenol.

Three kinds of SPME fibers, polyacrylate, polydimethylsiloxane and polydimethyl-
siloxane/ divinylbenzene (PDMS/DVB) are compared to identify the most suitable
one for the extraction process on basis of two criteria: i) To select the equilibrium
time studying the kinetic of the extraction ii) To obtain the best figures of merit
values, for the five analytes. For the first step, the three-way experimental data are
arranged as follows: if / times of extraction are considered, the tensor of data, X, of
dimensions /xJxK is generated concatenating the / matrices formed by the
abundances of de J ions m/z recorded in K elution times around the retention time
for each chlorophenol. The second order property of trilinear data generated by
SPME-GC/MS asses the unequivocally identification of each chlorophenol, as
consequence the loadings in the first mode estimated by Parallel Factorial Analysis
(PARAFAC) decomposition is the kinetic profile. After that, a calibration based in
PARAFAC decomposition provides the best values of figures of merit for
PDMS/DV1B fiber. The values of decision limit, CCa, achieved are between 0.29 and
0.67 ugL™.

Acknowledgments: Authors acknowledge the financial support: MICINN
CTQ2008-02264, JCyL BU108A11-2 with cofinanced European FEDER funds. R.
Morales is grateful for her FPI grant financed by Caja-Burgos-UBU.



CM10 Session A

PARALLEL FACTOR ANALYSIS TO OPTIMIZE THE CHROMATOGRAPHIC
RESOLUTION IN THE DETERMINATION OF BISPHENOLS AND THEIR
DIGLYCIDYL ETHERS BY GAS-CHROMATOGRAPHY MASS-SPECTROMETRY
WITH A PROGRAMED
TEMPERATURE VAPORIZER INLET

L. Oca, M.C. Ortiz, A. Herrero, L.A. Sarabia

Facultad de Ciencias, Universidad de Burgos, Burgos, Spain

E-mail: mcortiz@ubu.es

Several food alerts caused by migration of substances from contact food materials
have lead to the harmonization of legislation of EU (Commission Regulation ,EU,
No. 10/2011) on plastic materials and articles intended to come into contact with In
this work, the determination of bisphenol A (BPA), bisphenol F (BPF) and their
respective diglycidyl ethers (BADGE and BFDGE) using a PTV-GC/MS system
(BPA-d5 is used as internal standard) is shown.

For each one of the / samples that are analysed, the abundance of J m/z ratios is
recorded at K times, so a tensor of dimension IxJxK is obtained for each analyte.
The decomposition of this tensor by means of Parallel Factor Analysis (PARAFAC)
allows one to: i) identify unequivocally each analyte according to the maximum
permitted tolerances for relative ion intensities, and ii) quantify each analyte, even in
the presence of coeluents. This identification guarantees a complete specificity.

To optimize the procedure two of the heating ramps of the oven temperature
program are changed according to a two levels factorial design. As results, for each
analyte and each heating ramp there are five figures of merit. This data matrix has
been studied by means of principal component analysis for obtaining the best
figures of merit. Values of CCa between 2.10 and 4.41 ppb, with probabilities of
false positive and false negative fixed at 0.05, are reached.

Acknowledgments: Authors acknowledge the financial support: MICINN
CTQ2008-02264, JCyL BU108A11-2 with cofinanced European FEDER funds. L.
Oca is grateful for her eCyL grant.
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BILE ACIDS STEROID SKELETON TOPOLOGICAL DESCRIPTOR
M. Pésa’, A. Pilipovi¢', D. Cirin', F. Gaal®
7Department of Pharmacy, Faculty of g/legi.cine, University of Novi Sad, Novi Sad,
erbia

2Academy of Sciences and Arts of Vojvodina, Novi Sad, Serbia

E-mail: mihaljp@uns.ac.rs

The topological, molecular descriptors are widely used in the QSPR models. These
descriptors explain relatively well the structural differences of bile acids that belong
to different congeneric groups. However, with the bile acids that belong to the same
linear congeneric group (e.g. the bile acids with two oxygen atoms, either from OH
or oxo groups, in the steroid nucleus, glyco conjugates of bile acids with three
oxygen atoms in the steroid skeleton, etc.) the majority of these topological
descriptors give the same value. Because of that the aim of this work was to
construct a new descriptor related to the steroid nucleus of bile acids based on the
molecular graph, which also takes into account the steric environment of the oxygen
atoms bonded to the steroid ring system. This should allow us to obtain the mutually
different values of descriptors for the bile acids belonging to the same congeneric
group. The newly constructed molecular descriptor takes into account the change of
the position, steric orientation, and the number of oxygen atoms bonded to the
steroid skeleton of the bile acid molecule. This steroid skeleton descriptor (ssd)
represents the intensity of the vector obtained as the product of the matrix of
orientation and of the type of oxygen atom (from OH or oxo groups) m and distance
vector v, standing for the distance of the carbon atom with the bonded oxygen atom
from the reference C10 atom. In the matrix m, the column vector is of the form [w;
ot,-]T, where w; is the parameter of steric orientation of the i-th oxygen atom,
whereas of; is the parameter for the type of the i-th oxygen atom. The matrix m is of
the type [2 x n], where n is the number of C atoms of the steroid skeleton to which
oxygen atoms are bonded. The final descriptor is obtained as a linear combination
of ssd and stericS, where stericS descriptor accounts number of synclinal and
synperiplanar groups in a proper Newman’s projection formula of butane that
contain hydroxyl and oxo groups from the steroid skeleton. Calculated novel
descriptor explains very well hydrophobicity of bile acids (retention coefficient,
critical micellar concentration, hemolytic potential) even in simple regression
equations.

The work was financially supported by the Provincial Secretariat for Science and
Technological Development, AP Vojvodina, Republic of Serbia, Grant No.114-451-
2113/2011-01.
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IMPROVEMENT OF DETECTION POWER
IN CHROMATOGRAPHY, VOLTAMMETRY, AND SPECTROMETRY

S. Prikler, D. Pick, J. W. Einax

Friedrich Schiller University of Jena, Institute of Inorganic and Analytical Chemistry,
Department of Environmental Analysis, Jena, Germany

E-mail: simon.prikler@uni-jena.de

Improving signal-to-noise ratios and thus limits of detection is a general challenge in
analytical chemistry. Especially for environmental or clinical tasks it is important to
search for new ways of analyzing smallest amounts of analytes. This may be
achieved by developing new or improving existing analytical methods.

Another possibility, however, is signal treatment after measurement. Means of
signal treatment like convolution with Gaussian distribution curves [1], Fourier
transform (FT) [2] or Wavelet transform (WT) [3] have already been described in
past. As appropriate computers had not been available at their development yet, the
implementation of these methods could not be accomplished to all fields of
analytical chemistry. Therefore, we present a recent comparison of these means for
chromatographic, voltammetric, and spectrometric utilizations.

In one case, arsenic species (inorganic as well as organic) are separated via HPLC-
ICP-MS for estimating their amount in feeding stuff. The separation has been
optimized, but the inevitable noise underlying the chromatogram remains, hindering
the evaluation of smaller peaks in particular. After signal treatment, the limits of
detection, however, are considerably improved by the factors of 1.5-3 (Gaussian
distribution curves) up to 3-4 (FT), depending on the respective arsenic species.
Wavelet transform shows the best results (factors 5-6). Particularly more symmetric
wavelets like Symlet 4 result in de-noised signals without reduction of the peak
heigth.

Literature:

[1] Lam RB, Sparks DT, Isenhour TL (1982) Anal. Chem. 54:1927-1931
[2] Gavaghan DJ, Bond AM (2006) Electroanalysis 18:333-344

[3] Walczak B, Massart DL (1997) Chemom. Intel. Lab. Syst. 36:81-94
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CAPABILITY OF DETECTION, DECISION LIMIT AND OTHER PERFORMANCE
CHARACTERISTICS OF AN ANALYTICAL METHOD WHEN THE CALIBRATION
MODEL IS A NEURAL NETWORK

R.Morales, M.C. Ortiz, L.A. Sarabia, M.S. Sanchez

Facultad de Ciencias, Universidad de Burgos, Burgos, Spain

E-mail: Isarabia@ubu.es

In the present work, molecular fluorescence spectroscopy is used to determine
sulfathiazole in milk. As some non-linear behaviour may occur the calibration model
is computed by a MLF (multi-layer feed-forward) neural network. Despite the fact
that the calibration model is non-linear, the limit of decision, CCa, and capability of
detection,CCB, of the method can be established according to Decision
657/2002/CE.

To take into account the possible quenching effect due to other fluorescent
substances present in the sample, four different volumes of the whey were taken
with which four series of samples were prepared with 0.5 ml, 1 ml, 1.5 ml, and 2 ml.
Each sample was spiked with sulfathiazole in increasing concentration.

By considering the emission spectra (131 wavelengths) of the 28 calibration
samples, a calibration model is built by using a MLF neural network trained with the
Levenger-Marquardt algorithm. To improve the bad objects/variables rate, a
previous PCA was made.

Then a line was fitted by OLS between the predicted concentrations (computed with
the neural network) and the true concentrations, which allows concluding that the
method is unbiased.

The European Union has established (Regulation 37/2010) a maximum residue limit
for this sulfonamide of 100 ug kg™ for this value CCa and CCP are respectively
103.3 pl I" and 106.6 pl I'" with probabilities of false non compliance and false
compliance equal to 0.05.

Acknowledgments: Authors acknowledge the financial support: MICINN
CTQ2008-02264, JCyL BU108A11-2 with cofinanced European FEDER funds. R.
Morales is grateful for his FPU UBU grant.
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USEFULNESS OF PARALLEL FACTOR ANALYSIS IN THE DETERMINATION
OF TRIAZINES IN PRESENCE OF NON INTENCIONALLY ADDED
SUBSTANCES BY GAS CHROMATOGRAPHY WITH A PROGRAMMED
TEMPERATURE VAPORIZER INLET

L.Rubio, L.A. Sarabia, A. Herrero, M.C. Ortiz

Facultad de Ciencias, Universidad de Burgos, Burgos, Spain

E-mail: Isarabia@ubu.es

The presence of non-intentionally added substances (NIASs) is becoming
important. It is common to use high-resolution mass spectrometry detectors to
identify these substances. However, this does not solve the fact that a NIAS
contributes to the relative ion abundance at an m/z ratio corresponding to
fragmentation of other molecules. This is the cause of false negatives in the
identification of compounds (SANCO/10684/2009).

An alternative consists of considering the multivariate structure of the abundances
of K ions recorded at J times. Concatenating / of such matrices, a three-way tensor
X is obtained, which is decomposed by means Parallel Factor Analysis (PARAFAC)
into as many factors as substances that are coeluting, providing the spectral and
chromatographic profiles of each of them. If amount of each analyte changes along
the I samples the unequivocally identification is assessed. These are the basis of a
three-way calibration. But, for a test sample eventually containing NIAS, it is not
possible to prepare samples with different concentration before identifying the
substance.

In this work, the introduction of different volumes of sample on a GC system, used
in full scan mode, with a programmed temperature vaporizer (PTV) inlet, provides a
tensor of data suitable for PARAFAC decomposition. This is applied to the
determination of simazine, atrazine, terbuthylazine, prometryn and terbutryn in the
presence of NIASs. The triazines were unequivocally identified with decision limits
between 7.5 and 25.0 ug L.

Acknowledgments: Authors acknowledge the financial support: MICINN-
CTQ2008-02264, JCyL-BU108A11-2 with cofinanced European FEDER funds.
L.Rubio is grateful for her eCyL grant.
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MATHEMATICAL MODELING OF THE ANALYTICAL SIGNAL IN SINGLE
INTEFACE FLOW ANALYSIS

J. M. G. Sarraguca, Jodo A. Lopes, J. L. M. Santos

REQUIMTE, Departmento de Quimica, Faculdade de Farmacia da Faculdade de
Farmacia da Universidade do Porto, Porto, Portugal

E-mail: jsarraguca@gmail.com

The efforts regarding the theoretical modeling of flow analysis techniques so far
have focused exclusively the original Flow Injection Analysis strategy (FIA), with
approaches from different fields being used for this purpose ranging from
chemometrics (e.g. neural networks) to fluid dynamics (e.g. axial dispersion plug
flow model) and chromatography (e.g. tanks-in-series).

Single Interface Flow Analysis (SIFA) differs from the more traditional flow analysis
technique in the sense that it is based on the interpenetration of reagent and
sample zones at the single interface reaction. Hence it does not depend on the
insertion of defined volumes of sample and reagent. Also, due to its characteristics,
the analytical signal presents itself not as a peak given by the sample dispersion at
leading and a trailing interfaces with the reagents, but as the product of the
dispersion of reagent and sample at a single reaction interface. This flow analysis
strategy has not yet been comprehensively addressed in a theoretically perspective.
Although the dispersion behavior of a colored sample has been focus of previous
work [1], the most common situation where a reaction occurs has not previously
been focused.

In this communication, we present results regarding the mathematical modeling of
the analytical signal in a SIFA determination involving an enzymatic reaction with
the reaction product being detected by UV-VIS spectrophotometry.

Acknowledgements: Jorge M.G. Sarraguga would like to acknowledge Fundagao
para a Ciéncia e a Tecnologia (FCT-MCTES, Portugal) for the grant
SFRH/BPD/46319/2008 co-financed by QREN-POPH.

References :
[1] S. Sofia M. Rodrigues, Karine L. Marques, Jodo A. Lopes, Jo&o L.M.
Santos, José L.F.C. Lima, Analytica Chimica Acta 663 (2010) 178-183
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SOFTWARE «1:1 OR 2:2» FOR JOB’S METHOD
O. Sovyn, |. Patsay, O. Mudryk
Ivan Franko National University of Lviv’s

E-mail: olenasovyn@gmail.com

During provided webometric research it was found out that in spite of the fact, that
job’s method is known for a long time, it is still used in the chemical researches
(examined time 1946-2011 years, sample=2400, system for providing research -
Google.Scholars). The average statistical impact-factor of journals in which that
articles were published was 3,375 (using Google.Scholars 1500 most relevant
articles to the request “Job’s method” were examined). Analyzing over 200 most
relevant article to the requests “Job’s method” and “continues variation method”
(using ScienceDirect) was found out that 56,7% of studied complexes have
complex ratio 1:1.

We used proposer mathematical model [1] in the creation of software “1:1 or 2:2”. In
that model data obtained at classical job’s method research is used for
determination is the complex ratio is 1:1 or 2:2. Additionally, the limitation of the
proposed mathematical model was studied using opportunities of software “1:1 or
2:2".

Software was approved on the real complexes of xylenol orange, eriochrome
cyanine R, chrome azurol S with Cu(ll), Fe(lll), Al(lll), Zn(Il). Examined obtained
results we supposed that Cu(ll)-chrome azurol S and Fe(lll)- xylenol orange have
complex ratio 2:2.

Software is freely available in three languages: English, Ukrainian and Russian on
http://www.chem.org.ua/11-or-22/?lang=en.

1. Sayago A. Continuous variation data: 1:1 or 2:2 weak complexes? / A. Sayago,
M. Boccio, A.G. Asuero // International Journal of Pharmaceutics - 2005 — 295 — P.
29-34
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APPLICATION OF METHODS OF MULTIVARIATE ANALYSIS IN
EVALUATION OF RAMAN SPECTRA OF HEALTHY HUMAN BRAIN TISSUES

A.Stojilikovi¢ ®, M.Dakovié 2, 1.Holclajtner-Antunovié 2",
A.Starcevié °, J.Trifunovi¢ °, L. Pukas ®

@Faculty of Physical Chemistry, University of Belgrade, Serbia
®Institute for anatomy ,Niko Miljani¢“ School of Medicine, University of Belgrade,
Serbia

E-mail: alek.stoj@gmail.com

In this study we evaluated potential of multivariate analysis in assignment and
classification of Raman spectra of different healthy brain tissues. The objects of this
evaluation are the Raman spectra of the following brain tissues: pons, nucleus
caudatus, cortex cerebri, cortex cerebelli, nuclei basales and septum pellucidum.
Raman spectra of the 6 specimens of each tissue, prepared by cutting 50 ym thick
slicess on cryotome, were collected by a DXR Raman microscope with 532 nm
excitation. The spectral characteristics of brain tissues were determined using K-
Mean Cluster Analysis (KMCA) and Principal Component Analysis (PCA). The
established characteristics have helped to analyse the similarities between Raman
spectra of these tissues and of septum pellucidum, whose microstructure has been
the object of many histological disputes. The results of KMCA have shown the
greatest similarity between nuclei basales and septum pellucidum tissues, which
has also been confirmed by the results of PCA analysis. The results of PCA
indicated that all analyzed tissues contain lipids and sterol-derivate compounds.
The differentiation spectra PCA analysis have revealed that tissues, mainly
consisted of grey matter, have much greater representation of components related
to the presence of DNA, proteins and derivates of sterol compounds. The
preliminary study results pinpoint that use of advanced statistical techniques of
Raman spectra classification can give qualitatively new information compared to
standard immunohistological techniques, which can help in further differentiation of
nervous tissue. Further they could serve as reference in characterization of brain
tissues affected by disease.

! Corresponding author: Prof. dr lvanka Holclajtner-Antunovi¢;
E-mail: ivanka@ffh.bg.ac.rs
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MULTIVARIATE ANALYSIS OF DISCRIPTIVE CHEMICAL AND SENSORY
DATA ON TAP AND MINERAL WATERS

S. Platikanov1, V. Garciaz, R. Devesaz, and R. Tauler"”

! Department of Environmental Chemistry, IDAEA-CSIC, Barcelona, Spain
2 Aiglies de Barcelona (Agbar). Laboratory, Barcelona, Spain

E-mail: Roma.Tauler@idaea.csic.es

Sensory analysis tests were performed on 13 tap and 12 mineral water samples,
which were blindly assessed by 14 trained panellists. Trained panellists judged
these 25 samples in duplicates in two days sessions. Averaged panellists taste
quality scores from 1 (worst) to 10 (best ) were evaluated for the different samples
in relation to their chemical content. The same samples were chemically analyzed
for 13 different parameters.

Principal Component Analysis performed simultaneously on the chemical and
sensory data sets resulted in a 5 PC components model explaining more than 95%
of the total variance. This exploratory data analysis allowed for the discrimination of
the two classes of water samples- tap and mineral water. According to these 5
principal components, preferred water sensory parameters characterizing samples
were ‘hardness’ related to high concentrations of bicarbonate, sulphate, calcium,
magnesium ions and to ‘alkalinity’- higher pH values . On the contrary, panellists
scored low waters with higher ‘total mineralisation’ and lower pH-‘acidity’
parameters. Salinity, due to high concentrations of sodium, potassium and chloride
ions, was also low scored by the panellists during the evaluation. The panellists did
not like either those waters with relative high chlorine concentrations present in tap
water samples.

Partial Least Squares regression of panellist sensory evaluations on chemical
parameters resulted in a two latent variables model, explaining 89% of the total
variance and fitting a calibration model with 0.80 R-square. Analysing the
importance of chemical parameters in the regression model using the Variable
Importance of Projection (VIP) scores method, did reveal which were the more
significant variables in sensory testing evaluations. Concentrations of sodium,
potassium, chloride and nitrate ions, chlorine and dry content were confirmed to be
the more important parameters. Moreover, these 6 variables were found to be
scored with negative values in PLS weight and PLS regression vectors leading to
the conclusion that they contribute negatively to the panellist preferences.
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THE USE OF LINEAR REGRESSION FOR CALIBRATION IN ANALYTIC
CHEMISTRY

A. Thorlacius
Agricultural University of Iceland, Hvanneyri, 311 Borgares, Iceland

E-mail: arngrimur@lbhi.is

A vast majority of calibration work in analytical chemistry involves responses that
increase linearly with the concentration of the analyte. Non-linear responses, when
encountered, are often linearized electronically or through some data pre-treatment.
Alternatively, linearity is ensured by dilution of samples prior to determination. For
the calibration of linear responses the method of linear least squares regression is
used almost exclusively. In accordance with this, or vice-versa, IUPAC has
published guidelines where this practice is outlined and advocated [1]. These
guidelines clearly specify the limiting conditions which this algorithm is based on
and the importance of taking these into account, when using this calibration
technique. One of the two limiting conditions is that there should be no errors
associated with the concentration or x-variable. This will never be strictly met, but
for most practical purposes this is probably not a major concern. The second
condition demands homoscedasticity in the measured response or y-variable, which
means that the error in the estimated response is constant over the calibrated
concentration range. Should your calibration fulfil both conditions you can apply a
so-called normal or ordinary regression algorithm and this is what most analysts do.
The IUPAC guidelines however firmly stress that before this most simple least
squares algorithm can be used one must clarify, preferably through statistical
testing, that the above stated conditions are indeed met. If they are not, weighted
regression is recommended. The algorithm for weighted regression is less straight-
forward and it requires some assumption on the nature of the heteroscedastisity. It
also requires more specialized software as compared with ordinary linear
regression.

For instrumental analysis, homoscedasticity is rather an exception than a rule and,
since ordinary regression is very widely used, it may be feared that this problem is
often solved by ignoring or even ignorance. It is the belief of the present author that
the use of linear regression in the way suggested in the [IUPAC guidelines, although
very widely adopted, should be avoided in routine work. An alternative approach,
which has been very thoroughly tested, will be suggested and explained in this
lecture.

1. Guidelines for calibration in analytical chemistry, K. Danzer ét al., Pure & Appl.
Chem., 70(4) (1998) 993-1014
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ASSESSING THE QUALITY OF PEARLS USING ARTIFICIAL NEURAL
NETWORKS AND DIFFUSE REFLECTANCE UV-VISIBLE SPECTROSCOPY

S. Agatonovié-Kustrin, D. W. Morton

School of Pharmacy and Applied Science, La Trobe Institute of Molecular Sciences,
La Trobe University, Bendigo, Australia

E-mail: S.Kustrin@latrobe.edu.au

Assessing the quality of pearls involves various tools and methods, however the
process is mainly visual and often subjective. While there is no official standard for
grading pearls, they are normally classified by origin and are then graded by luster,
nacre thickness, surface quality, size, color and shape. The aim of this study was to
investigate the capacity of Artificial Neural Networks (ANNs) to classify and
estimate the quality of 27 different pearls from their Diffuse Reflectance (DRA) UV-
Visible spectra. The UV-Visible spectrum of a pearl is unique and differ-ent pearls
may show significant differences in their UV-Visible absorbance due to differences
in nacre composition. The iridescent appearance and quality of nacre has been
attributed to light diffraction, both diffraction and interference (interaction between
waves), or interference alone.

Due to the opaque nature of pearls, spectroscopy measurements were performed
using the Diffuse Reflectance UV-Visible spectroscopy technique. The spectra were
acquired at two different locations on each sample to assess surface homogeneity.
The spectral data were smoothed to reduce the noise using the Moving Average
method by counting the average of twenty spectral intensities in every fifth
wavelength record. The resulting spectral data (inputs) were then fed into Artificial
Neural Networks and correlated to the pearl’s quality/grading criteria (outputs). For
the pearl quality assessment the pearls name, species, locality, luster, luster
enhancing, color, color enhancing, donor condition, recipient, surface, and shape
were used with 11 different ANNs trained, tested and validated.

The developed models were successful in predicting the pearls type (South sea
pearl versus Freshwater Pearl, Tahitian pearl or Akoya Pearl), mollusk growing
species (Pinctada maxima, Freshwater mussel (species unknown), Pinctada fucata
martensi or Pinctada margaritifera), possible lustere and colour enhancing
(possible, likely and no), donor condition/type (relaxed or normal/standard seeding),
recipient/host colour (yellow, white or unknown/possibly black), donour colour
(silver, yellow, white or unknown/possibly black), pearl lustre (1,2,3 or reject), pearl
colour (white, cream with various overtone, gold, lavender or reject, pink and
various colour), origin (Bali, China; Japan or South Pacific). The results of this study
shows that the UV-Vis spectroscopy method could be used to predict with accuracy
pearl colour, pearl origin, colour enhancement and treatment and as a quantitative
measure of pearl lustre. This technique provides a less subjective method of
assessing pearl quality (grading) and may become a valuable tool for the pearl
grading industry.
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CHEMOMETRIC CLASIFICATION AND STRUCTURE-ACTIVITY STUDY OF
CHOLINESTERASE DUAL INHIBITORS

M.D. Vitorovi¢-Todorovié,"” I.N. Cvijeti¢,? 1.0. Jurani¢,® B.J. Drakuli¢*

Mllltary—Technlcal Inst/tute Belgrade; %Innovation Center, Faculty of Chemistry —
Un;vers:ty of Belgrade; Faculty of Chemistry — University of Belgrade, Belgrade;
Department of Chemistry-IChTM, University of Belgrade, Belgrade, Serbia

*E-mail: mvitod@chem.bg.ac.rs

Set of eighty-eight structurally diverse, dual acetylcholineesterase (AChE) inhibitors
are classified by principal component analysis (PCA) of 3D-dependent, alignment
independent descriptors (GRIND)[ derived from molecular interaction fields
(MIF).®! Conformations of all compounds studied are adjusted to Ilgand
cocrystalized with the respective enzyme binding site (PDB entry 2CKM)

Tautomeric and protomeric states of compounds studied are ascribed in a way to fit
experimental conditions under which determination of their potency were done. The
first and second generation of GRIND
descriptors are used and compared. First three
PC's give good classification of compounds in
respect to their structural properties, using both
methods. Inclusion of potency data obtained
under the exactly same conditions, spanning
4.2 p(ICso) units, and subsequent structure-
activity study by partial least square analysis
(PLS) give good results. Fractional factorial
design are used to obtain final models. X Il M
variable space is covered by 836 and 870 e
variables. Four Iatent variables (LV) models

show 7 0.91 and q 0.76 - 0.81 (validated by 5 randomly chosen subgroups of
compounds). Very good external predictivity is proven using both external literature
set, as well as potency values of compounds synthesized by our group. To the best
of our knowledge this is the first reported PCA/PLS analysis on such number of
AChE inhibitors so far. Along with this, statistical quality of models obtained
significantly exceeds so far reported ones, using smaller set of compounds.
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[1] J.Med.Chem. 43 (2000) 3233-3243; [2] J.Chem.Inf.Model. 48 (2008) 1813-1823;
[3] J.Med.Chem. 28 (1985) 849-857; [4] J.Med.Chem. 49 (2006) 5491-5500.
Acknowledgement: Ministrty of Education and Science of Serbia support this work.
Grant 172035.
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ASSESSMENT OF RIVER WATER QUALITY BY APPLYING MULTIVARIATE
ANALYSIS

Dragana Z. Zivojinovi¢', Nataa A. Luki¢?, Slavica S. Razi¢®, Ljubinka V. Rajakovi¢'

1Faculty of Technology and Metallurgy, Belgrade, Serbia
2Belgrade Waterworks and Sewerage, Belgrade, Serbia
3Faculty of Pharmacy, Belgrade, Serbia

E-mail: gaga@tmf.bg.ac.rs

The main goal of this work is focused on water quality classification of the Sava
River (Serbia) and evaluation of pollution data obtained by the monitoring of
significant quality parameters measured during the period 2008-2010. Selected
chemometrics techniques, such as principal component analysis (PCA), factor
analysis (FA) and cluster analysis (CA), were applied to the obtained dataset
composed of sixteen chemical and physical-chemical quality parameters for 36
water samples. Multivariate analysis of very complex matrix demonstrated the
power of chemometrics in identification of factors as groups of correlated variables
with the highest percentage of explanatory variance. Natural clusters of analyzed
variables with a similar pollution character were identified for the investigated period
of time. The classification of water purity of the Sava River made by the Inspection
of Environmental Protection showed minor differences between the periods of
monitoring. On the basis of the chemometric approach, it was also found that some
locations were under the high influence of municipal contamination, and others
under the influence of agriculture within the observed time period. Chemometrics
tools appeared as very efficient for river water classification and rapid assessment
of water quality necessary for management of water resources.
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ELECTROCHEMICAL DETERMINATION OF ATOMOXETINE IN IONIC LIQUID
MODIFIED CARBON PASTE ELECTRODE

A. Alvarez-Lueje, C. Nazif, S. Bollo
Chemical and Pharmaceutical Sciences Faculty. University of Chile, Santiago, Chile

E-mail: aalvarez@ciqg.uchile.cl

Based on the unique electrochemical properties of ionic liquids (IL) such as high
ionic conductivity, broad electrochemical potential window and good redox-
robustness, in this work we have prepare and characterize carbon paste (CP)
modified electrodes through incorporation of the IL ethyl-dimethyl-propylammonium
bis(trifluoromethylsulfonyl) imide, and then it was used to determine the selective
noradrenaline reuptake inhibitor drug atomoxetine (N-methyl-3-(2-methylphenoxy)-
3-phenylpropan-1-amine).

Different percentages of carbon paste and IL were investigated (5% to 30% w/w).
The electrochemical response of the IL-CPEs was evaluated by cyclic voltammetry
using the redox mediators ferrocenemethanol and potassium ferrocyanide, and the
results indicate that in relation of bare CPE a) the presence of IL in the carbon
paste enhanced the electrochemical current, b) the background response on the IL-
CPEs was greater and c) the IL-CPE enhanced the active electrode area.
According to the results a 30%-LI (w/w) was selected for the application of IL-CPE
to quantitative determination of atomoxetine.

Atomoxetine exhibited an oxidation signal that shifting at lowers potentials as the
pH increases. The peak current was more intense than that obtained using bare
CPE at all the pH studied (e.g. around 3-fold at pH 3). For analytical purposes,
differential pulse voltammetry technique in Britton-Robinson buffer at pH 3 was
selected, which exhibited adequate analytical parameters. CV (%) of within-day
reproducibility and inter-day reproducibilities were lower than 6% at different
concentration levels. The calibration curve method was employed with a
concentration range of 5.0x10®° — 7.0x10™ M, and was described by the expression:
Ip (A) = 32.7xC (M) - 0.0012 (r* = 0.998)

This work was financed by Project FONDECYT 1110182
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DEVELOPMENT AND CHARACTERIZATION OF IBUPROFEN SELECTIVE
ELECTRODE BASED ON CYCLODEXTRIN AS IONOPHORE

C.M.P.G. Amorim, T.F.A. Sousa, R. L.Gil, M.C.B.S.M. Montenegro, A.N.Araujo

REQUIMTE, Dep. De Ciéncias Quimicas, Fac. Farmacia, Universidade do Porto,
Porto, Portugal

E-mail: camorim@ff.up.pt

Ibuprofen (a-methyl-4-[isobutyl] phenylacetic acid), is the oldest nonsteroidal anti-
inflammatory drugs (NSAIDs) massively prescribed to reduce fever and to treat pain
and inflammation in rheumatic disease and other musculoskeletal disorders [1]. The
analytical control of ibuprofen is important in several kinds of samples and more
recently in environmental water resources, with demonstrable chronic toxicity
activity. Two metabolites of ibuprofen (carboxyl-ibuprofen and hydroxyl-ibuprofen)
were also found in surface waters and sewage treatment plants [2]. Cyclodextrins
has been exploited as ionophores in selective electrodes regarding to several
advantages like selectivity, sensibility, repeatability, stability and lower detection
limits [3]. In this work an ibuprofen selective electrode is proposed aiming screening
proposes as well the coupling to separation techniques. The membrane

incorporates o-cyclodextrin (1.2% w/w) as ionophore, 2-nitrophenyloctyl ether
(65.6% w/w) as plasticizer and tetradodecylammonium bromide (0.4% w/w) as
additive. This sensing cocktail was dropped directly on the conductive surface made
up with a mixture of epoxi resin (Araldite) and graphlte powder. The conventional
ibuprofen electrode as a slope of 57.8+0.1mV decade”, a practical detectlon limit
of (3.34%0. 03)x10 moI L" and a linear range between (3.87+0.00)x10™® and
(1.00%0.00)x10 mol L. The electrode has a response time lower than 15 seconds
and it is stable for at least 2 months. Ibuprofen electrode shows lower selectivity
coefficients concerning the representative ions of the sample matrices. However
this electrode presents nernstian responses for other nonsteroidal anti-inflammatory
drugs such as salicilate and diclofenac. This result has been understood as an
opportunity to be applied in a chromatographic system for monitoring different
drugs. The separation methodology is still understudy.

[1] Roth, S.H. (1985). Rheumatic Therapeutics; McGraw-Hill: New York.

[2] Ldcia H.M.L.M. Santos, A.N. Araujo, Adriano Fachini, A. Pena, C. Delerue-
Matos, M.C.B.S.M. Montenegro. Journal of Hazardous Materials 175 (2010) 45-95
[3] Amorim, C.M.G.A (2009) . Avaliagdo da utilizagdo de sensores renovaveis
miniaturizados na analise de drogas e téxicos em diversas matrizes. Universidade
do Porto. PhD Thesis
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NEW FLOW-THROUGH POTENTIOMETRIC CELL FOR EXPEDITOUS PERM-
SELECTIVE MEMBRANE OPTIMIZATION AND APPLICATION

A.N. Araujo, C.M.P.G. Amorim, M.C.B.S.M. Montenegro
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Recent insights on the mechanism of response of polymeric membrane-based ion-
selective electrodes (ISEs) revealed that trace level analysis is impaired by zero-
current ion fluxes which also prevent the accurate assessment of inherent
membrane selectivities and the achievement of optimized detection limits [1]. To
overcome the problem, several guidelines were proposed either concerning the
optimization of the membrane composition and thickness as well the careful
establishment of the inner reference solution composition and measurement
conditions for each actual application [2,3]. From those studies becomes evident
the need for a versatile configuration of the potentiometric cell namely fulfilling the
requirements for selective membrane optimization and the usefulness in different
analytical control applications. Accordingly a new flow-though potentiometric cell is
proposed, which enables easy replacement of ion-selective membranes and in
which both the appropriate inner reference solution and sample flows according to
the selected application. An initial evaluation study was developed using a 400 um
thickness calcium selective membrane with the composition of 3.3%(w/w) regarding
the ionophore ETH5234, 1.1% of the additive NaTFPB, 63.3% of the o-NPOE
plasticizer and 32.3 of PVC. The best performance, corresponding to a dynamic
range between 10" and 10 of Ca®* was achieved for an inner reference solution
containing 5x10 mol/L EDTA, 10® Ca®* and 10 NaCl adjusted to pH 9.0 and
using an optimum flow-rate of solutions of 1.0 mL/min. The performance results
compared favourably with those reported for other ISEs with conventional rod
configuration possessing inner reference solution. Simple procedures were
developed for the accurate determination of calcium in biological fluids, waters and
natural fruit juices.

[1] E. Bakker, E. Pretsch, Trends Anal. Chem. 20 (2001) 11.
[2] Z. Szigetti, T. Vigassy, E. Bakker, E. Pretsch, Electroanalysis18 (2006) 1254
[3] J. Bobacka, A. lvaska, A. Lewenstam, Chem. Rev. 108 (2008) 329
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EVALUATION OF THE ANTIOXIDANT CAPACITY OF FLAVOURED WATERS
USING A PURINE BIOSENSOR: OXIDATIVE DAMAGE BY HYDROXYL,
SUPEROXIDE AND SULFATE RADICAL (A COMPARATIVE STUDY)

M. F. Barroso 1'2, C. DeIerue-Matos1, M. B. P.P. Oliveira®

'REQUIMTE/Instituto Superior de Engenharia, Instituto Politécnico do Porto, Porto,
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’REQUIMTE/Servigo de Bromatologia, Faculdade de Farméacia, Universidade do
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Oxidative lesions in DNA are the primary risk factor for gene mutations, playing a
key role in carcinogenesis and aging. Free radicals are continuously generated in
living cells, such as, in the inner mitochondrial membrane, outer membrane, and in
several metabolic pathways in mammalian cells, for instance, in the microsomal
electron transport [1]. Hydroxyl radical (OH’), superoxide radical (O2") and the
sulfate radical (SO4”) are some examples of free radicals produced in the human
body.

Some food and beverage compounds have an important external contribution to
body defences against oxidative insult. It provides cells specific antioxidants that
are able to scavenge multiple types of free radicals contributing to maintain cellular
health.

In this work, a purine (adenine and guanine) biosensor was developed to assess
the total antioxidant capacity of flavoured waters and flavours. This biosensor
consisted in the electro-deposition of a purine base on a glassy carbon electrode.

In order to evaluate the oxidative lesions in the purine base, this biosensor was
immersed in hydroxyl, superoxide and sulfate radicals. Damage produced in the
DNA layer was evaluated by square wave voltammetry by measuring the decrease
in the oxidative peak current. Ascorbic acid, gallic acid, caffeic acid, coumaric acid
and resveratrol antioxidants were added as standards and its subsequent protective
effects was achieved. A comparative study was done on the oxidative damage
promoted by the three different free radicals.

[1] Soares, R., Costa, C. 2009. Oxidative Stress, Inflammation and Angiogenesis in
the Metabolic Syndrome. Springer Publication, Portugal.
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DETERMINATION OF MERCURY IN STREET DUST SAMPLES BY
ULTRASONIC EXTRACTION AND STRIPPING VOLTAMMETRY ON GOLD
NANOPARTICLES MODIFIED SCREEN-PRINTED ELECTRODES
E. Bernalte, C. Marin Sanchez, E. Pinilla Gil

Departamento de Quimica Analitica, Universidad de Extremadura, Badajoz, Spain
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Gaseous elemental mercury, particle-bound mercury and Hg(ll) in rainwater are
often selected as analytes to investigate atmospheric mercury distribution and
behaviour. As an alternative to the several spectroscopic techniques for Hg
determination, electrochemical analysis, particularly stripping voltammetry on gold
or gold-based electrodes and recently on new disposable screen-printed platforms,
have attracted significant interest because of their excellent sensitivity, short
analysis time, and affordable and miniaturized equipments. In the last few years,
modified electrodes based on nanoparticles research have become one of the most
active areas in environmental analysis. In comparison to conventional electrodes,
sensors based on metal nanoparticles present a high surface area, increased mass
transport, low detection limit and better signal to noise ratio. On the other hand,
extraction of Hg from complex samples (food, soil, sediments) is recognized as a
crucial step before its determination due to its usual low concentration. Ultrasonic
bath and probe have been described as efficient and inexpensive alternatives for
solid sample pre-treatment.

We explore in this work the applicability of novel commercial gold nanoparticles
screen-printed electrodes for the determination of particle-bound mercury in street
dust samples by square wave anodic stripping voltammetry (SWASV) after
ultrasonic bath and ultrasonic probe extraction. Faced centred central composite
design was developed to optimize the pre-treatment. NIST Standard Reference
Material® 2583 Trace Elements in Indoor Dust and ICP-MS data were used to test
the method. Applicability to particle-bound mercury extraction and determination in
real street dust samples from urban areas is described.

Acknowledgments: This work is supported by the Spanish Ministry of Science and
Innovation (project CTQ2008-06657/BQU), Junta de Extremadura (Spain)
PRE09107 and GR10091 and the European Union (FEDER).
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NEW CARBON NANOTUBES-BASED SONOGEL-CARBON MATERIAL.:
DEVELOPMENT, CHARACTERIZATION AND ELECTROCHEMICAL
APPLICATIONS

J. R. Crespo Rosa, J. Cabeza Saucedo, L. Cubillana Aguilera, |. Naranjo
Rodriguez, J. L. Hidalgo Hidalgo de Cisneros, J. M. Palacios Santander

Departament of Analytical Chemistry, Faculty of Science, University of Cadiz,
Puerto Real, Cadiz, Spain

E-mail: joaquin.crespo@uca.es

The present work reports the development and characterization of a new type of
Sonogel (SNG)-Carbon material, where the conductive material (carbon powder)
has been substituted by multi-wall carbon nanotubes (MWCNTs). The exceptional
electrical and mechanical properties of CNTs together with their enormous surface-
to-volume ratio are well-known. Therefore, it is expected to enhance remarkably the
conductive properties of resulting material, and hence, of the electrodes built with it.
As a consequence of this, sensitivity of the electrochemical devices versus different
analytes is intended to be improved, as well as to decrease their detection limits.
The synthesis of the CNTs-based SNG electrodes, via acidic sonocatalysis and sol-
gel processing, is described. The amount of CNTs added to the sol in order to
obtain materials with adequate mechanical and conductive properties is optimized.
The electrodes built with this new material have been electrochemically
characterized by cyclic voltammetry (CV) and differential pulse voltammetry (DPV).
Some structural characterization techniques have been also employed, such as
scanning electron microscopy (SEM), scanning transmission microscopy (TEM) and
energy dispersive X-ray spectroscopy (EDS), among others.

The decoration of CNTs with gold sononanoparticles (AuSNPs) is also reported.
Electrodes based on this conductive nanocomposite material have been tested and
their electrochemical performance has been compared to CNTs-based SNG
electrodes and common Sonogel-Carbon electrodes [1].

Some electroanalytical applications of this new CNTs-based SNG material are
reported.

[1] M. M. Cordero-Rando, J. L. Hidalgo-Hidalgo de Cisneros, E. Blanco, I. Naranjo-
Rodriguez, Anal. Chem., 2002, 74, 2423-2427.
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ELECTROCHEMICAL DETERMINATION OF ASCORBIC ACID IN BABY JUICES
BY USING METAL OXIDE-BASED SONOGEL-CARBON ELECTRODES

J. R. Crespo Rosa', M. Y. Marei AbdelRahim?, L. Cubillana Aguilera1, . Naranjo
Rodriguez’, J. L. Hidalgo Hidalgo de Cisneros', F. Terzi, R. Seeber?,
J. M. Palacios Santander’
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Metal oxides, and in particular, CeO, have demonstrated to possess anti-fouling
properties, what make them very useful for the determination of analytes in real
samples. The present work reports the development and characterization of a new
metal oxide-Sonogel Carbon electrode for the electrochemical determination of
ascorbic acid in apple juices for babies. The electrochemical devices were built
using Sonogel-Carbon (SNGC) [1] as supporting material, which were modified by
depositing different concentrations of CeO2 nanoparticles on their surface.

These electrodes were electrochemically characterized by cyclic voltammetry (CV)
and differential pulse voltammetry (DPV). The CeO. nanoparticles were also
decorated with gold sononanoparticles [2] at different proportions to enhance
sensitivity.

Besides, the electrochemical devices obtained were characterized structurally by
several techniques: scanning electron microscopy (SEM), scanning transmission
microscopy (TEM), energy dispersive X-ray spectroscopy (EDS), and X-ray
diffraction (XRD), among others.

Finally, the devices developed were applied for the determination of ascorbic acid in
apple juices for babies. The recovery percentages and the relative errors are also
reported.

[1] M. M. Cordero-Rando, J. L. Hidalgo-Hidalgo de Cisneros, E. Blanco, I. Naranjo-
Rodriguez, Anal. Chem., 2002, 74, 2423-2427.

[2] L. M. Cubillana-Aguilera, M. Franco-Romano, M. L. A. Gil, I. Naranjo-Rodriguez,
J. L. Hidalgo-Hidalgo de Cisneros, J. M. Palacios-Santander, Ultrason. Sonochem.
2011, 18, 789-794.
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ENANTIOANALYSIS OF PIPECOLIC ACID WITH STOCHASTIC AND
POTENTIOMETRIC MICROSENSORS

RI Stefan-van Staden’, | Moldoveanu’, DF Savu’, Constantina Kapnissi-
Christodoulou?, JF van Staden’

"Laboratory of Electrochemistry and PATLAB Bucharest, National Institute of
Research for Electrochemistry and Condensed Matter, Splaiul Independentei
Nr.202, Bucharest, Romania, 2University of Cyprus, Nicosia, Cyprus
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Stochastic and potentiometric sensors based on porphyrins and polymeric
surfactants (poly-SULV, poly-SUVV) were applied for enantioselective assay of
pipecolic acid. The matrix used for the design of the stochastic sensors was
diamond paste while the matrix used for the design of potentiometric sensors was
carbon paste. Surface characterisation of the active side of the microsensors was
performed using AFM. The response characteristics of the microsensors were
determined for the enantiomers of pipecolic acid. The response characteristics,
selectivity and enantioselectivity studies proved that the proposed microsensors can
be used for clinical analysis. The enantiomers of pipecolic acid can be directly
determine in biological fluids, e.g., urine and serum.

Acknowledgements
This work has been supported by the Romanian National Programme PN I, Ideas,
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ECO09 Session A
POTENTIOMETRIC DETERMINATION OF DISSOCIATION CONSTANTS OF
SOME SCHIFF BASE LIGANDS IN BINARY WATER-ORGANIC SOLVENT
MIXTURES
D. Dabic', M. Vojic?, N. Stevanovic?, M. Aleksic®, R. Baosic?
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The Schiff bases and complexes with them are mterestmg because of the|r
properties such as their ability to reversnbly bind oxygen', catalytic activity?,
antibacterial and antifungal propertles The Schlff base complexes can be greatly
modified by introducing different substituents®.

In this work acidity constants of some Schiff base ligands synthesized from diamine
(etane-1,2-diamine or propane-1,2-diamine) and corresponding p-diketone
(pentane-2,4-dione and/or 1-phenylbutane-1,3-dione, pentane-2,4-dione and/or
1,1,1-trifluoropentane-2,4-dione, or 1,1,1-trifluoropentane-2,4-dione and/or 1-
phenylbutane-1,3-dione) were potentiometrically determined in methanol-water (1:1,
v/v) and dlmethylsquOX|de-water (1:1, vv) at t = 25 £ 1°C and constant ionic
strength (/ = 0.1 mol/dm® (NaCl)). Titrations were performed with TTT-60 titrator
with an ABU-12 autoburette (Radiometer) and pH measured with PHM240 pH-
Meter (Radiometer) with a combined GK2401B electrode (Radiometer). Measured
pH values were converted into pcy values according to relation’ pcy = -log [H30™] =
pH - A, where A is the correction factor determined by potentiometric titration of the
standard HCI solution with the standard NaOH solution in the used experimental
conditions. pKw Values was calculated from the same set of titrations. The software
Hyper Quad 2008° was used to evaluate the dissociation scheme in the studied PCH
range and to calculate the values of acidity constants from four times repeated
titrations.
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OPTIMIZATION AND VALIDATION OF A NEW METHOD FOR THE
DETERMINATION OF Pb (Il) IN ENVIROMENTAL SAMPLES BY ANODIC
STRIPPING VOLTAMMETRY ON A BISMUTH DISK ELECTRODE

M. de la Gala Morales, L. Calvo Blazquez, E. Pinilla Gil

Departament of Analytical Chemistry, University of Extremadura, Badajoz, Spain

E-mail: magalam@unex.es

Heavy metals measurement are critically important in environmental pollution
assessment. In the past, mercury (Hg)-based electrodes have been the material of
choice for stripping analyses due to their attractive analytical properties. Due to the
toxicity and inconvenient disposal of Hg, alternative electrode materials are being
explored, including bismuth [1]. Among the bismuth-based electrodes, little work
has been done using a bismuth disk electrode (BiDE). In this work, we have
explored the voltammetric stripping behaviour of Pb(ll), Cd(ll) and Zn(ll) on a
homemade BIiDE. Optimization of chemical and instrumental parameters was
carried out to develop a reliable and convenient method for the determination of
these metals by square-wave anodic stripping voltammetry (SWASV). Calibrations
resulted in good linearity for all metals studied with appropriated detection limits for
environmental monitoring applications. The method has been validated with surface
water, wastewater and soil certified reference materials with good agreement
between measured and certified values. Finally, the method has proven its
applicability in the determination of Pb(ll) in samples of fortified rainwater and
sewage sludge from a steel industry, expanding the previously described
applicability of the BiDE [2]. All results obtained have been contrasted by ICP-MS
with good agreement. The BIiDE has been shown a good option for Pb(ll)
determination in environmental samples by SWASV due to its proper detection
limits, inexpensive and easy fabrication, and low toxicity.

Acknowledgments: This work is supported by the Spanish Ministry of Science and
Innovation (project CTQ2008-06657/BQU), Junta de Extremadura, Spain
(GR10091) and the European Union (FEDER).
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METALLIC OXIDE COATING ELECTRODES AND ANALYTICAL
APPLICATION THEREOF
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Dept of Chemistry, Faculty of Science, University of Kragujevac, Kragujevac, Serbia

E-mail: zorkas@kg.ac.rs

Electrochemical characterization of palladium and platinum oxide electrodes are
reported. Wire electrodes for acid-base sensing are produced by coating palladium
and platinum wire with sodium hydroxide and then oxidizing in oxygen at 750 and
450 °C, respectively. After suitably insulating to define the active area and cover up
bare palladium (platinum), the wires are useful for potentiometric measurement.
The electrodes are stable a few years in distilled water storage with no essential
change in response.

The palladium oxide electrode enable fast measurements, with good sensitivity (54
+ 0.9 mV per decade), |n acidic and base solutions (Ilnear range of response up to
the concentration 1x10® M) in acetonitrile and 49 * 1.2 mV per decade in
propionitrile. The response of the platinum OXIde electrode was linear in the
concentration range between 5x10? and 1x10° M, and a sensitivity of 52 + 1.6 mV
per decade in acetonitrile was obtained. The response time of the electrodes was
less than 15 s in the both solvents. The properties of the palladium oxide electrodes
were similar to those of the platinum ones.

Some potential analytical applications of the sensors are pointed. Palladium and
platinum oxide electrodes for the potentiometric titrations of acids (benzoic,
anthranilic, salicylic acids, sulfadiazine) and bases (N,N-diphenylguanidine,
tributylamine, and collidine) in acetonitrile and propionitrile were studied. Potassium
hydroxide, tetrabutylammonium hydroxide and perchloric acid proved to be very
suitable titrating agents for these titrations. The standard deviation of the
determination of the investigated acids and bases was less than 0.7% from those
obtained with a glass electrode.

The obtained results confirme that the palladium and platinum oxide electrodes can
be successfully applied as indicator electrodes for the titration of weak acids and
bases in acetonitrile and propionitrile. These electrodes exhibited useful features for
determination of weak acids and bases with respect to its mechanical resistance,
very low cost, simple preparation, great hardiness and chemical inertness to the
non-aqueous working mediums in comparison with glass electrode.



EC12 Session A

NATURAL MONOCRYSTALLINE PYRITE AS SENSOR FOR POTENTIOMETRIC
TITRATIONS OF COBALT(Il) WITH IRON(III) AND CERIUM(IV) IN THE
PRESENCE OF 1,10-PHENANTHROLINE
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1Hygh Polytechnical School, KruSevac, Serbia, 2Faculty of Sciences, University of
Kragujevac, Kragujevac, Serbia and 3Faculty of Mining and Geology, University of
Belgrade, Beograd, Serbia

E-mail: radadz@kg.ac.rs

Mineral pyrite as a new indicator electrode for potentiometric redox titrations
cobalt(ll) in the presence of the ligand 1,10-phenanthroline (phen) was used.
Iron(lll) and cerium(lV) solutions were employed as titrating agents. The titrations of
cobalt(ll) with iron(lll) and cerium(IV) were carried out in acid solutions in the
presence of 0.02 M and 0.01 M phen, respectively.

Indicator pyrite electrode was prepared in the folowing manner:

A quadratic piece of natural crystalline (a = 0.5 cm) was used as the electrode
material. The crystal to be in contact with the solution was polished with diamond
paste. A narrow glass tube was fixed with glue to the other side of electrode and
then filled with mercury. One end of a copper or silver wire was immersed in the
mercury and this device was mounted into a wider glass tube (@ = 1 cm), which
was then cemented with a cold sealing mass based on methyl methacrylate. After
solidification of this mass, the working surface of electrode was polished to a high
gloss. The electrode was then rinsed with distilled water and alcohol and dried in
air, after which it was ready for use.

When this electrode was employed as an indicator electrode, the equilibrium
potential in the course of the titration and at the titration end-point was rapidly
established (within a few minutes). The results obtained by using pyrite electrode
was compared with those obtained by application of a platinum electrode under the
same conditions, and good agreement, reproducibility and accuracy were obtained.
The relative error of the determination for 0.001 M cobalt(ll) was less then 3% .
The advantages of the pyrite electrode are long-term stability, fast response, easy
preparation and low cost. The effect of some ions on the titration of cobalt(ll) with
cerium(lV) in presence phen was also investigated. Accurate and reproducible
results were obtained.
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DETERMINATION OF CARBENDAZIM FUNGICIDE BY DIFFERENTIAL PULSE
STRIPPING VOLTAMMETRY AT A TRICRESYL PHOSPHATE-BASED CARBON
PASTE ELECTRODE

J. Dordevi¢', A. Ashrafi®, V. Guzsvany Zs. Papp K. Vytras |. Svancara®,
T. Trtié- Petrowc
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In this study, carbon paste electrode based on tricresyl phosphate (TCP-CPE) as a
binding liquid has been applied as working electrode for the voltammetric
characterization and determination of the Carbendazim fungicide (methyl 1H-
benzimidazol-2-ylcarbamate).

The effects of the pH value of the supporting electrolyte (Britton-Robinson buffer,
pH 2.0-8.0) as well as the presence of cyclodextrin on the electrochemical
behaviour of Carbendazim were investigated. In the investigated potential range
(from -0.1 V to 1.3 V) one oxidation peak was obserevd, and its potential shifted
from 1.06 V to 0.69 V while the pH of the supporting electrolyte increased from 2.0
to 8.0. The oxidation peak intensity also changed significantly with the change of
the pH, and the most intensive and well shaped signal was obtained at pH 4.0. This
indicates that protons are |nvolved in the OX|dat|0n mechanism.

Addition of cyclodextrin (3.6 10° mol dm™) to the electrolyte (Britton-Robinson
buffer, pH 4.0) significantly enhanced the sensitivity of the Carbendazim
determination.

The experimental conditions of the differential pulse stripping voltammetric method
for the determination of Carbendazim were as follows: start potential -0.1 V, end
potential 1. 3 V, deposition potential -0.35 V, deposition time 120 s and scan rate
100 mV s The developed method offered a good linearity in the concentration
range of 5 10 -1 10 mol dm with the correlation coefficient 0.995 and the limit
of detection of 3 107 mol dm™. Satisfactory recovery achleved W|th spiked water
was 101.9% at the concetration range of 1 10° - 3 10° mol dm™ , inferring that the
established method can be applied to real sample analysis.

Acknowledgement: We acknowledge financial supports of the Ministry of Education
and Science of the Republic of Serbia (project No. 45006), of the Secretariat for
Science and Technological Development, Autonomous Province of Vojvodina,
Republic of Serbia (No. 114-451-02011/2007-02), of the Ministry of Education,
Youth and Sports of the Czech Republic (No. MSM0021627502), and of the
CEEPUS Il program (ClI-CZ-0212-04-1011).
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SCREEN-PRINTED ELECTRODES MODIFIED WITH BISMUTH PRECURSOR
COMPOUNDS FOR THE DETERMINATION OF TI(I) BY ANODIC STRIPPING
VOLTAMMETRY

N. Lezi', M. Prodromidis®, A. Economou'
1Laboratory of Analytical Chemistry, Dept of Chemistry, University of Athens,
Athens, Greece
2 Laboratory of Analytical Chemistry, Dept of Chemistry, University of loannina,
loannina, Greece
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Over the last decade, it has been demonstrated that the environmentally-friendly
bismuth film electrodes (BiFEs) exhibit favourable analytical properties in stripping
voltammetry, in many ways comparable to those of the toxic mercury film electrodes
(MFEs) [1]. The commonest method to generate a BiFE involves electroplating in
the in-situ or ex-situ modes. The main drawback of electroplating is the added
experimental complexity and the requirement for Bi(lll) solutions while the
morphology of the bismuth deposit is strongly dependent on the electroplating
conditions. An alternative approach to fabricate a BIiFE is the use of bismuth
precursors; this involves bulk-modification of an electrode with a bismuth precursor
compound (typically a Bi(lll) compound); generation of the bismuth film occurs in-
situ by reduction of the B(lll) in the precursor during the reductive deposition step in
anodic stripping analysis. So far, screen-printed electrodes (SPEs) loaded with
bismuth oxide have been reported [2-3]; these sensors are disposabe and do not
require a separate bismuth plating step. The aim of the present work was to assess
five different bismuth(l1l) compounds (bismuth citrate
[O2CCH,C(OH)(CO2)CH2CO,]Bi, bismuth titanate (Bi2O3-2TiO2), bismuth oxide
(Bi203), bismuth aluminate (Bi2(Al2O4)3-xH20) and bismuth zirconate 2Bi,O3-3ZrO5)
as potential bismuth precursors for the fabrication of disposable modified SPEs for
the determination of TI(I) by anodic stripping voltammetry. The chemical and
instrumental paramemetrs were investigated in detail and the analytical features of
the modified SPEs were established. The results indicate that the nature of the
precursor and its content in the graphite ink critically affect the sensitivity of the
analysis.
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ELECTROCHEMICAL BEHAVIOR OF REBOXETINE AND ITS VOLTAMMETRIC
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Electrochemical techniques have a great advantage due to their simplicity, low cost,
and relatively short analysis time. Reboxetine (RBX), chemically known as (RS)-2-
[(RS)-a-(2-ethoxyphenoxy)benzyl] morpholinemethanesulphonate is a novel
selective noradrenaline reuptake inhibitor with proven efficiency in a wide range of
patients with major depressive disorder.

Various analytical techniques for the determination of RBX include high
performance liquid chromatography (HPLC) with ultra-violet (UV) [1-3], fluorescence
[2] or mass spectrophotometric detection [4,5]. In this study electrochemical
behavior of RBX at hanging mercury drop electrode (HMDE) and glassy carbon
electrode (GCE) was studied for the first time. For this purpose cyclic and square-
wave voltammetry techniques were used, probable reaction mechanisms were
proposed. Besides, according to linear relation between peak currents and RBX
concentration voltammetric determination methods were described. Within
proposed assay methods limit of detection of 0.004 uM was achieved for trace
determination of RBX with differential puls cathodic adsorptive stripping
voltammetry method. Described procedures were successfully applied for the assay
of RBX in tablet dosage form and without prior extraction process recovery values
were calculated around 100 %.
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CARBONIZED NANOSTRUCTURED POLYANILINES:
APPLICATION FOR LEAD AND CADMIUM IONS SENSING
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Recently, carbonized polyaniline nanostructures have been used as supporting
material for manganese dioxide catalyst for detection of heavy metal ions. It was
noticed that carbonized polyaniline nanostructures themselves are active for
sensing of lead and cadmium ions. Herein the synthesis of carbonized
nanostructured polyanilines and their application for determination of different
analytes is explored. Polyaniline is one of the most important conductive polymers
commonly produced by electrochemical or chemical oxidative polymerization of
aniline from acid aqueous solutions. The properties of the final polymer are
influenced by several parameters: pH at the beginning of the oxidation reaction,
reaction temperature, type of oxidant and aniline/oxidant ratio as well as acid anion
used for doping. Herein polyanilines were synthesized by the oxidative
polymerization of aniline in the presence of 5-sulfosalicylic and 3,5-dinitrosalicylic
acid as well as without added acid, and then carbonized in nitrogen atmosphere by
means of gradual heating up to 800 °C. Synthesized carbonized polyanilines were
characterized using X-ray diffraction analysis. Subsequently, application of
carbonized polyanilines based electrodes for sensing of heavy metals was
investigated. Carbonized nanostructured polyaniline whose precursor was
synthesized by the polymerization of aniline in the aqueous solution of 3,5-
dinitrosalicylic acid showed the highest catalytic activity for lead and cadmium ion
sensing. Sensing behaviour of electrodes based on carbonized polyanilines is
comparable to other electroanalytical systems, allowing low concentrations of lead
and cadmium ions to be detected.
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ELECTROCHEMICAL CHARACTERIZATION AND ELECTROANALYTICAL
DETECTION OF A MANGANESE (Il) COMPLEX
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Manganese (Il) complexes with various ligands, such as phorphyrins [1], cyclic
polyamines [2], polyamine-polycarboxylate [3], have been synthesized and tested
as anti-inflammatory drugs. On this ground, [Mn(thiophenyl-2-carboxylate)>(Hstea)],
where Hstea= triethanolamine, could be a potential antioxidant, anti-inflammatory
agent. It can be considered that the electrochemical and electroanalytical behavior
of manganese (Il) compounds is an important matter in order to detect them in
various samples and understand theirs biological role.

In the present work we report the electrochemical behavior of [Mn(thiophenyl-2-
carboxylate),(Hstea)] using cyclic voltammetry. To our knowledge it is the first time
that [Mn(thiophenyl-2 carboxylate),(Hstea)] is electroanalytically approached. The
cyclic voltammetric peaks response was evaluated with respect to pH, sweep rate,
sweep potential and concentration of manganese (Il) complex. Moreover, we report
the electroanalytical detection of the manganese (lI) complex using adsorptive
stripping voltammetry at a bare as well as at a dsDNA modified carbon paste
electrode.

Keywords; Mn (ll) complexes; biological activity; cyclic voltammetry, adsorptive
stripping voltammetry, dsDNA
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SENSITIVE ELECTROANALYTICAL DETECTION OF dsDNA AT A CARBON
NANOTUBES PASTE ELECTRODES

C. Serpi, S. Girousi*, S. Karastogianni

Analytical Chemistry Laboratory, Aristotle University of Thessaloniki, Thessaloniki,
Greece;

E-mail: girousi@chem.auth.gr

Due to their special chemical, electrical and mechanical properties, carbon
nanotubes (CNTs) have attracted much attention as analytical tools. Especially, in
the electroanalytical field because of their high surface area, the good electronic
conductivity and ability to promote electron transfer, CNTs are used as electrode
materials.

The aim of the present work, is the combination of the feature of MWNTs and the
advantages of the carbon paste, in order to fabricate CNTs paste electrodes that
allow the easy, fast and sensitive detection of dsDNA, whereas the performance of
three types of multi-wall carbon nanotubes (MWNTSs) is investigated. The effect of
surface pretreatments and accumulation conditions on the adsorption and
electrooxidation of the dsDNA at CNTPEs is also described. Experimental results
indicated that the electroactivity inherent to carbon nanotubes paste electrodes
provided a large enhancement of the guanine oxidation signal compared to that
obtained at the conventional carbon paste electrode (CPE). Based on the signal of
guanine, under the optimal conditions very low levels of the dsDNA can be detected
following short accumulation times for all types of MWNTs (MWNTs 1, MWNTSs »,
MWNTs 3), with detection limits of 2.64 mg L™, 2.02 mg L™ and 1.46 mg L™,
respectively.

Keywords: Carbon nanotubes paste electrodes; Carbon paste electrode; dsDNA;
Adsorptive transfer stripping voltammetry
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Aripiprazole (ARP) is a drug active molecule in the classes of atypical antipsychotic
and antidepressant used in the treatment of schizophrenia, bipolar disorder and
clinical depression. Determination of ARP in pharmaceutical preparations and
biological samples including human serum and human urine is of great importance.
In literature, there is no study about electrochemical behavior of ARP and also there
is no voltammetric study dealing with determination ARP.

In this study; electrochemical behavior of ARP on glassy carbon electrode (GCE)
was investigated by using voltammetric methods. One irreversible 2e/2H" oxidation
peak at about 1.05 V (vs. Ag/AgCl/3M KCI) was obtained. Voltammetric methods
including differential pulse voltammetry (DPV) and square-wave voltammetry (SWV)
with and without adsorptive stripping (AdS) mode for direct determination of ARP
were developed. These methods were based on the linear calibration of oxidation
peak current with ARP concentration. Calibration curves were linear over the range
of 11.40-157.0 yM (5.11-70.39 ppm) in DPV and SWV. When adsorptive stripping
mode was applied, linear range was lowered to 0.22-13.56 yM (0.098-6.08 ppm).
Values for limits of dedection (LOD) were calculated to be 6.36 yM and 5.52 yM for
DPV and SWV, respectively. In anodic adsorptive stripping voltammetry (AAdSV)
LOD values were found to be 0.14 yM and 0.11 uM for DPV and SWYV, respectively.
Proposed methods were successfully applied to pharmaceuticals, spiked human
serum and spiked human urine and such applications have recovery values
between 97.0 % and 102.7 % with relative standard deviation of less than 10 %.
These methods have distinct advantages over other existing chromatographic and
spectrophotometric methods regarding their accuracy, precision, sensitivity,
detection and quantification limits.
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Desipramine is a tricyclic antidepressant which is used in the treatment of
depression symptoms, so there is constant need to control concentration of the
drug in a human body.

The aim of this study was to optimize the conditions of Differential Pulse
Voltammetry (DPV) method of desipramine determination with the use of Simplex
Method (SM). Cyclic voltammetry was used to determine the oxidation potential of
the compound of interest in the range of 0—1200 mV and the scan rate of 100 mV/s.
These parameters were established for quantitative measurements in Differential
Pulse method, however the method sensitivity was insufficient. Optimization of the
working conditions was conducted with the Simplex Method for parameters such as:
potential of the pulse (Ep), time of the pulse (tp), potential difference between the
pulses (Es). Glassy carbon (A = 7.065 mm?) and graphite electrode (A = 4.14 mm?)
were examined as the working sensor. Glassy carbon electrode was tested in a
stationary system vs. Ag/AgCI reference electrode and platinum as the auxiliary
electrode. In the second case, measurements were performed with the use of a
three screen-printed electrode system. Both working and auxiliary electrodes were
made of graphite but silver-silver chloride electrode was utilized as a reference
electrode.

The evaluated method enabled to determine desipramine in water solution at
concentrations below 0.1 uyM. In comparison with the conditions established with
cyclic voltammetry, the signal was at least 25 times higher for both sensors. The
results obtained for glassy carbon and graphite electrode were recalculated with
respect to the area of each sensor. All the presented results were obtained with
precision less than 10% (RSD).

The research was financed by the Polish Ministry of Science and Higher Education
from the European Union Structural Funds (European Regional Development
Funds), project MNS-DIAG: POIG.01.03.01-00-014/08-02
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Three types of zinc porphyrines have been studied as modifiers of carbon paste or
diamond paste in the assembly of six amperometric dot-sensors used in the
detection of sildenafil citrate using differential pulse voltammetry. The linear
concentration range for the Proposed electrodes was 10 — 107" moIL'1, the lowest
detection limit (2.46 pmolL™") being achived by the use of the diamond paste dot-
sensor modified with zinc-5,10,15,20-tetra(4-sulfophenyl)porphyrin.  Sildenafil
citrate was succesfully determined from its pharmaceutical formulations, namely
Viagra, by the use of the proposed method.
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The pH measurements are generally carried out by use of glass electrodes.
Although pH-sensitive glass electrode has distinguished response characteristics
and has been in use for such a long period it has certain setbacks such as its high
resistance, fragility, its instability in hydrofluoric acid or fluoride solutions and its
unsuitability to serve as microelectrode for biological applications. Therefore, it is a
promising area of interest to design selective receptors as ionophores for the
construction of PVC membrane pH electrodes.

Various derivatives of calix[4]arenes have been used as ionophores in membrane
electrodes that are selective towards different ions. Hence, we focused on the
possibility of using synthesized 5,11,17,23-Tetra-tert-butyl-25,27-bis[(4-
nitrophenyl-1-yl)-thiosemicarbazide-carbonyl-methoxy]-26,28-dihydroxy-
calix[4]arene in the construction of a new hydrogen ion-selective electrode.

The proposed electrode has a membrane composition of 2% ionophore, 68.3% o-
nitrophenyloctylether and 29.7% PVC (plasticizer/PVC mass ratio of 2.3) for a total
mass of 425.5 mg. An internal filling solution of 1.0 x 10" M CaCl, was used. The
electrode exhibited linear response with a sub- Nernstian slope in the pH range
1.9-12.4 at room temperature. It was successfully employed as an indicator
electrode in acid-base titrations.
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The interaction of genotoxic environmental pollutant 2-nitrofluorene with a
double-stranded calf thymus DNA has been studied using a hanging mercury drop
electrode (HMDE) as an electrochemical sensor. Two types of DNA damage were
investigated and electrochemically detected (using cyclic voltammetry and
differential pulse voltammetry): (i) The DNA damage caused by the direct
interaction with 2-nitrofluorene and (ii) the DNA damage caused by short-lived
radicals generated by the electrochemical reduction of the nitro group in
2-nitrofluorene. For the study of direct interaction, HMDE was modified by DNA and
the interaction of DNA with 2-nitrofluorene was studied, after their incubation, right
at the HMDE surface (adsorptive transfer stripping technique) or the DNA was
preincubated with 2-nitrofluorene and, subsequently, the interaction was studied
voltammetrically (DNA titration technique). Using both detection techniques, the
formation of DNA-2-nitrofluorene complex was observed and the mutual interaction
was interpreted as an intercalation between the DNA base pairs, although such
interaction was not clearly confirmed by UV-visible absorption spectroscopy. After
reductive activation of 2-nitrofluorene giving short-lived nitro anion radicals, the
oxidative DNA damage induced by these reactive species was evaluated from the
height of cathodic peak CA (due to reduction of cytosine and adenine). On the basis
of obtained results, we suppose that expected formation of 8-oxoguanine (one of
the most common DNA lesions) leads to guanine—cytosine base pair interruption
and DNA double-strand breaks. These results are in good accordance with those
previously obtained during our voltammetric investigations at screen-printed carbon
paste electrodes [V. Vyskodil, J. Labuda, J. Barek: Anal. Bioanal. Chem. (2010)
397:233-241].

This work was supported by the Ministry of Education, Youth and Sports of the
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project SVV 2011-263204.
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The relative acidity scale of solvents which may be used in acid-base titration under
defined conditions (titrant system, electrode system etc.) represents intervals of
millivolt values (Es).

The range of relative acidity scale (mV) of tetrahydrofurane has been determined by
the difference of semineutralization potentials of percloric acid and
tetrabutyallmonium hydroxide. Semineutralizing potentials have been measured by
using indicator electrodes: glass, antymon, Ho/Pd and D»/Pd, the last two produced
in our laboratory. As the standard electrode, saturated calomel electrode has been
used. All measures have been carried out at the temperetaure of 25 + 1°C.

By using electrode pairs, the relative scale of acidity is the following: for glass - SCE
880mV, for antymon - SCE 470 mV, for Hz/Pd - SCE 1155mV, and for the pair
D.o/Pd — SCE 1075mV.

Water decreases the relative acidy scale of tetrahydrofurane, the decrease being
the highest with the use of Hx/Pd and D»/Pd electrodes.
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In this paper, the possibility of applying an H2/Pd electrode as indicator and
reference and an D,/Pd electrode as indicator for potentiometric titration of two-
component mixtures of weak acids in THF (tetrahydofurane) as solvent. Mixtures of
monocarbonic acids, mixture of monocarbonic and dicarbonic acids and mixtures of
dicarbonic acids (pK values of the used acids in the water range 4.2 to 9.93) have
been defined. As ftitrants , methanol solution of potassium hydroxide and
tetrabutylammonium hydroxide have been used.

By following the changes in the potential — time curves of Ho/Pd and D/Pd indicator
electrodes in THF, a conclusion has been reached that these electrodes behave in
a similar manner, and their potential changes 2-3mV per hour. The potentials of
these electrodes coupled with the reference H,/Pd electrode are quickly established
during titration and at the end point. The potential jumps of the end point in
potentiometric titration using investigated electrodes with standard solution of
methanol solution of potassium hydroxide are 2-5 times higher than potential jumps
obtained using a glass-SCE electrode pair.

The results obtained by Ho/Pd and D,/Pd electodes as indicators, and Hy/Pd and
SCE as reference deviate in the range of + 0,3% the results obtained by
potentiometric determination of the end point titration by using the pair of electrodes
glass — SCE.
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The electrochemical behaviour of six Schiff bases and corresponding copper(ll)
complexes was investigated. Schiff bases contained ethane-1,2-diamine or
propane-1,2-diamine as the amine part and pentane-2,4-dione and/or 1-
phenylbutane-1,3-dione as B-diketones part. The electrochemical experiment was
carried out using a CHI760b Electrochemical Workstation potentiostat (CH
Instruments, Austin, TX). Cyclic voltammetry was performed using a conventional
three-electrode cell (5 mL) equipped with several working electrodes, a Ag/Ag”
electrode as reference and a platihum wire as an auxiliary electrode.
Electrochemical behavior is studied in different non-aqueous media such as
dimethylsulfoxide, acetonitrile and mixture of dimethylsulfoxide/dichloromethane
(50% v/v) as aprotic solvents at the surface of different solid electrodes (platinum,
gold and glassy carbon) using sodium perchlorate as supporting electrolyte. The
best conditions were obtained when dimethylsulfoxide was used as solvent and
glassy carbon as working electrode. The cyclic voltamograms were recorded in 0.1
mol/L sodium perchlorate as supporting electrolyte in the potential range of -1.5 to
15 V, at sweep rates between 0.01 and 0.1 V cm”. All solutions were
deoxygenated by passing the stream of nitrogen into the solution at least 10
minutes prior to recording the voltammogram.

The redox process of the ligands was highly irreversible, whereas redox process of
Cu(ll) complexes were observed as one electron transfer process in quasi-
reversible reaction when reaction take place at central ion and completely reversible
when it occurs at ligand part. These electrochemical processes are controlled by
diffusion and adsorption. The effect of concentration of the analytes, solvents, type
of electrodes and scan rates on the redox behavior of these compounds was
investigated and effect of electrochemical behavior was discussed under optimal
conditions. The steric and inductive effects of substituents and length of C-chain in
diamine bridge of Schiff base ligands as well as complexes were discussed.
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The anodic oxidation of hydrazine at a glassy carbon electrode (GCE) has been
investigated using linear sweep voltammetry. The electrochemical pretreatment of
the GCE was used to reduce the hydrazine overpotential to make it possible to
obtain the electrooxidation peak of hydrazine for its quantification. It has been found
that the oxidation of hydrazine occurs at a potential of about 0.35 V less positive
than that of an unpretreated GCE.

For electrooxidation mechanism study a Tafel plot was obtained and the
dependence of peak current on scan rate was investigated. The electron transfer
coefficient, a, was also calculated. The overall number of electrons involved in the
oxidation of hydrazine and the number of electrons involved in the rate-determining
steps were found to be 4 and 1, respectively.

The voltammetric hydrazine detection was carried out in the base electrolyte of 0.1
M KCI. The calibration plot was linear in concentration range of 10®° = 10 mol dm"
and detection limit of 1.3-10"° mol dm™ was achieved under optimal conditions. The
method was successfully utilised for the hydrazine determination in real samples of
waste water. The proposed method is simple, sensitive and low-cost.
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The anodic sweep voltammetry has been used for the determination of trace
amounts of phenol in agueous solutions. The gold microelectrode array was used
as a working electrode. The microelectrode array was obtained by electrodeposition
of gold from the solution of AuCls” on the composite support at 0.0 V for 60
seconds. The support consisted of polyethylene mixed with carbon black in 5:1
ratio. The electrode’s modified surface was characterized by scanning electron
microscopy and cyclic voltammetry. The electrocatalytic effect of gold particle
modifying was investigated. The oxidation peak of phenol was observed at 0.68 V
(vs. Ag/AgClim kai) in the solution of 0.1 M H,SO4 used as a base electrolyte The
peak current was proportional to phenol concentration in the range of 10% - 10° M.
The lowest concentration of 0.01 yM was achieved for phenol. Photocatalytic UV-
irradiation and ozone treatment are considered to be advantageous methods for
organic pollutant destruction. The voltammetric phenol detection at gold
microelectrode is proposed as a sensitive, reliable and easy handling method for
the control of phenol destruction in waste waters.

Acknowledgements
This work is supported by the Federal Target Program 2011 — 2013.
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Conducting polymers are a class of organic polymers with a high degree of
conjugation and whose conducting 2properties can be modulated from insulating to
conducting through the doping level”.

In this context, we are concerned with the synthesis of conducting polythiophenes
where the monomeric unit is made up by terthiophene as polymerizing fragment
and N-chelating moieties (terpiridine or phenantroline) as coordinating fragment
toward transition metal ions. We connected these two moieties with spacers of
different nature and in particular we achieved better properties of the final material
introducing an ethynyl spacer. We previously report the synthesis of such molecule,
4'-(2,2".5,2"-terthien-3’-ethynyl)-2,2’:6’,2”-terpyridine (TAT)3 and the
electrosynthesis of the relative conducting polymer. Moreover we evaluated the
applicability of such polymer as active material in organic photovoltaic devices. In
the perspective of using this molecule in other applicative fields we introduced in the
structure some little changes, which could enable the relative complex with
transition metals to be exploited in dye-sensitized solar cells (DSSC) or light-
emitting devices (LED). For example, complexes of carboxy-terpyridine with Ru(ll)
proved to be efficient sensitizers in DSSC* while Eu(lll) carboxy-complexes in a
particular configuration enable to obtain efficient photoluminescences. In this
communication we describe the attempt to introduce carboxy groups on the 6,6”
positions of terpyridine in TAT, in the multiple perspective of i) electropolymerizing
and characterizing the relative conducting polymer in order to evaluate the influence
of carboxy groups on the polymeric species PTAT, ii) coordinating Ru(ll) and Eu(lll)
or other lanthanide ions and testing the complex photochemical and photophysical
properties and the applicability in the fields above cited.

Acknowledment. Thanks to Regione Autonoma della Sardegna for financial
support to the research (PO Sardegna FSE 2007-2013, L.R. 7/2007 “Promoting
scientific research and technological innovation in Sardinia” — project named
“Conducting polymers thiophene-based: new molecular architectures”
CRP1_636).

2J. Roncali, Chem. Rev., 1992, 92, 711.

3P. Manca, M. I. Pilo, G. Casu, S. Gladiali, G. Sanna, R. Scanu, N. Spano, A. Zucca, C. Zanardi, D. Bagnis, L. Valentini, J.
Pol. Sci. A: Polym. Chem., accepted

M. K. Nazeruddin, P. Péchy, T. Renouard, S.M. Zakeeruddin, R. Humphry-Baker, P. Comte, P. Liska, L. Cevey, E. Costa, V.
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The utilization of lon-Selective Electrodes in Potentiometry is a very useful tool for
the determination of chemical species with high selectivity and accuracy, therefore
receiving a wide use in clinical and quality control laboratories. In addition to
traditional electrodes that incorporate conventional plasticizers as phthalates, in
recent years have been becoming increasingly used another sensors made of a
PVC-matrix membrane including different percentages of lonic Liquids (lls). The
noticeable properties of the Ils, concerning to their megligible vapor pressure, and
their capability to be customized by selecting the cation an anion, allow to replacing
the classical plastizicers by the lls that are capable to act simultaneously as
plasticizers and ionic exchangers.

The aim of the present work was to study the potentiometric response of the ion-
selective electrode made of a PVC-matrix membrane prepared with two selected
ionic liquids, 1-buthyl-3-methylimidazolium hexafluorophosphate, [bmim*][PFs1, and
trihexyltetradecylphosphonium chloride, [THTDP'][CI] to the CI, NOs* SCN™ and
SO,* anions. Additionally, the response towards a very interesting pharmaceutical
anion, such as the ibuprofen anion [2-(4-isobuthylphenyl)propionate] was also
analysed. Finally, the Scanning Electron Microscopy and Energy-dispersive X-ray
(SEM-EDX) characterization of electrodes was accomplished in order to understand
the ion-exchange mechanism involved.

The membrane plasticized with trihexyltetradecylphosphonium chloride provided a
potentiometric response to the inorganic anions that followed the Hofmeister series.
The response to ibuprofen was fairly good and reproducible. Likewise, the structural
characterization of the membrane after being used proved an anion exchange
between the chloride anion present inside the membrane and the ibuprofen anion in
the sample solution. The preservation of the phosphonium cation inside the
membrane, as showed by SEM characterization, explained the reproducible
response of the electrode.
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lonic liquids can act as plasticizers for various polymers and have been considered
as a new generation of stable plasticizers for poly vinyl chloride. Some ionic liquids
show better resistance to leaching and migration than many conventional
plasticizers. Furthermore, some ionic liquids bring ion-sensing ability to the
plasticized polymeric membranes, probably due to their ion-exchange properties.
For these reasons, it is found in the literature some works on ion-selective
electrodes based on membranes containing ionic liquids.

In this paper we study the potentiometric response of a PVC membrane plasticized
with  trihexyltetradecylphosphonium  chloride to the anions triiodide,
tetrachloroaurate(lll) and bis(trifluoromethylsulfonyl)imide. These anions were
tested because of its lipophilic character. Thus, there are some ion-selective
electrodes for triiodide and tetrachloroaurate(lll) based on polymeric membranes
containing conventional plasticizers and ion exchangers. The
bis(trifluoromethylsulfonyl)imide anion was tested because it is present in the
composition of several ionic liquids insoluble in water due to its hydrophobic
character.

In the selected experimental conditions the electrode showed a reproducible Ilnear
potentlal response against logarithmic triiodide concentration in the range 1x107-
2x102 M. This response may be useful for the development of analytical methods
based on yodimetry. The electrode also provided potential response for
tetrachloroaurate(lll) and bis(trifluoromethylsulfonyl)imide, from 1x10° ®M and 2x10°
M respectively, although in these cases the responses showed potential drift.

A Scanning Electron Microscopy and Energy-dispersive X-ray study (SEM-EDX)
made with the ISE membrane exposed to triiodide and tetrachloroaurate(lll) showed
the presence of these anions and remaining the trihexyltetradecylphosphonium in
the membrane. This indicates that an anion exchange process between chloride
and triiodide/tetrachloroaurate occurs during the exposure.
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Trimethoprim (TMP) is among the synthetic antibiotics used in both human and
veterinary medicines. Its routine analytical control is required, for which a selective,
quick and inexpensive method would be appreciated.

Potentiometric sensors consisting on ion-selective electrodes (ISEs) are a
possibilitty [1]. Increased performance may be achieved by using a TMP ionophore
capable of discriminating the main ion from co-existing ones in a high extent.
Molecularly-imprinted polymers (MIPs) are specifially tailored for a target analyte
and may be used to design a new ionophore for TMP.

For routine applications, the ISE should be adaptated to flow methods.
Accordyingly, Low Temperature Co-fired Ceramic (LTCC) technology may be used
to interface microfluidic circuits with a potentiometric sensory surface. LTCC is
indeed an advantageous alternative for miniaturizing analytical systems.

Thus, this work proposes an LTCC device including an ISE based on TMP-MIP
ionophore. The calibration displayed 61 (+0.2) mV/decade, with linear behavior
down to 0.58 pg/mL, 0.997 squared correlation coefficient, 0.18 pg/mL limit of
detection, and 1.3 % relative standard deviation for a 5.8 pg/mL TMP solution (n=10
and 95% confidence). Successful application has been conducted in the analysis of
water samples.

[11 V. V. Cosofret, R. P. Buck, Recent advances in pharmaceutical analysis with
potentiometric
membrane sensors, Crit. Rev. Anal. Chem. 24 (1993) 1-58.
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Most of ion-selective electrodes (ISEs) of polymeric membrane type use PVC with
lipophilic salts as an organic matrix [1]. We have recently reported easily
modification of polypyrrole (PPy) based on silver by immersion of the electrode in
silver nitrate solution [2]. In the present work, we studied modification of PVC and
PVC-co-VAc containing plasticizer and ion-exchanger by various cations and its
possible sensor performance. The modified membrane was examined by cyclic
voltammetry and it was found that only silver is capable for stabile modification of
polymer matrix. Based on the CV recorded Ag was deposited in elemental state on
the surface and near surface layers of the membrane. Membranes of various
compositions of PVC and PVC-co-VAc, DOS, DBP and o-NPOE as plasticizers and
TDMAC and NaTPB as ion-exchangers were prepared and investigated as silver-
selective sensors. The best performance was observed with the membrane
composed of PVCAc, DBP and NaTPB. Thus optimized electrode has linear
working range of 1.0 x 10" - 1.0 x 10° M, with a Nernstlan slope of 60.25
mV/decade of activity and detection limit is 4.25 x 10° M. The selectivity of this
sensor, evaluated with fixed interference method and matched potential method,
show that the sensor is significantly selective to silver over all the interfering ions
except Hg®* and Fe®* which strongly interfere. The proposed electrode was used as
indicator electrode in the potentiometric titration of silver ions. A simple preparation
procedure and extensive pH range through remarkable acidic media (pH 0.7 — 7)
are advantages of this modified electrode over a number of reported silver selective
electrodes based on polymer matrix containing different ionophores.

[1]1 R.D. Johnson, L.G. Bachas, Anal. Bioanal. Chem. 376 (2003) 328-341
[2] V.M. Jovanovi¢, S. Terzié, A. Dekanski, J. Serb. Chem. Soc. 70 (2005) 41-49.
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Organic polymers were known as not conductive material until the discovery of
conducting polymers (CP), in the last Seventies. Their major characteristics are i) a high
degree of conjugation; ii) the possibility to be synthesized by chemical or electrochemical
way; iii) the opportunity to undergo oxidative or reductive (-p or —n) doping processes,
again through both chemical or electrochemical way, promoting an increase in their
conductivities. Thanks to their properties CP (like polythiophenes, polypyrroles, and so
on) are studied in many application fields, like electrochromic devices®, OLED’,
rechargeable batteries®, corrosion protection®, organic photovoltaic  devices',
sensoring'!, biosensoring'? and also biomedicine™.

Currently we are involved in the electrochemical synthesis and characterization of
terthiophene-based conducting polymers, especially bearing N-chelating pendant
moieties (terpyridine or phenantroline) which enable the insertion of transition metal ions
along the backbone, leading to a metallopolymer. In order to improve the properties of
the polymeric material, in the past we modified both the chelating moiety and the bridge
(saturated or unsaturated) connecting it with the terthiophene polimerizing fragment.
Keeping the fragments which brought the better improvements (terpyridine as chelating
group and ethynyl as spacer), we are now interested in studying different assembling of
such fragments, that is binding the ethynyl substituent on a side position of the
terthiophene unit instead of the central position. In this communication we describe the
synthesis and electrochemical characterization of a new high conjugated molecule
where two terthiophene fragments are connected symmetrically through an ethynyl
spacer on both sides of terpyridine. The electrosynthesis of the corresponding
conducting polymer and its electrochemical and spectroscopic characterization is also
described. The results of such characterizations are used to compare the two way of
assembling, side-fashion and central-fashion, and to evaluate the influence of the
different way of linking on the properties of the electrogenerated polymer.

Acknowledment. Thanks to Regione Autonoma della Sardegna for financial support to
the research (PO Sardegna FSE 2007-2013, L.R. 7/2007 “Promoting scientific research
and technological innovation in Sardinia” — project named “Conducting polymers
thiophene-based: new molecular architectures” - CRP1_636).
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9 Spinks G. M., Dominis A. J., Wallace G. G., Tallman D. E., J. Solid State Electrochem., 2002, 6, 85.
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™ Guimard N. K., Gomez N., Schmidt C. E., Prog. Polym. Sci., 2007, 32, 876.
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The aim of the work was to investigate the applicability of manganese(lV)-oxide
bulk modified carbon paste electrode, based on graphite powder, paraffin oil and
5% MnO2 w/w% (MnO,-5-CPE), for the hydrodinamic amperometric monitoring of
H20- concentration in different photodegradation samples of clothianidin (CLO).
The surface morphology of the MnO,-5-CPE was characterized by scanning
electron microscopy, and the local microanalysis of the surface was performed by
energy dispersive spectrometry. The optimization of amperometric measurements
was performed at pH 7.5 at different working potentials between 0.2 and 0.7 V (vs.
SCE). Although, the highest sensitivity was obtained at 0.7 V, the optimal working
potential was 0.4 V since different additional oxidation processes take place at the
potentials higher than 0.5 V in the case of photodegradation samples.

Three different types of photodegradation sampes were prepared with equimolar
concentration of CLO (99.87 pg/cm3) and treated by natural insolation during one
month. The first sample contained only CLO (S1), the second one H,O; and CLO
(S2), and the third one photo-Fenton reagent (Fe2+ and H20z) and CLO (S3). The
obtained amperometric curves showed that in the case of S1 no measurable
amount of H,O, was detected, in the case of the S2 the concentration of the H,0,
decreased slowly, but in the case of S3 a significant drop of H,O2 concentration was
measured. In paralell with the amperometric measurements of the H.O;
concentrations, reverse phase HPLC/DAD measurements were performed to
monitor the concentration of CLO in the same samples (S1-S3). It was found that
the direct photolysis of CLO was very slow, the presence of H,O, lead to the
moderate degradation of CLO, and the presence of photo-Fenton reagent due to
high capability for OH" radical generation caused rapid degradation of CLO. Since
H20. as a source of OH' radicals is the promoter of degradation, it is useful to
monitor its concentration in these experimets. The MnO,-5-CPE was found
convenient and reliable electrode for this purpose.
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Doxorubicin is a widely used anticancer drug from a class of anthracyclines.
Voltammetric properties of doxorubicin have been investigated using various carbon
based electrodes such as carbon paste electrode, modified and unmodified glassy
carbon electrode (GCE), etc. This was done by measuring either doxorubicin
directly or some other product in pharmaceutical or biological samples, with a
detection limit reaching picomolar concentrations.

In this research we used two GCEs from different manufacturers, with
approximately equal surfaces, as working electrodes for adsorptive stripping
voltammetric  determination of doxorubicin. In the 0.1 mol/dm® acetate buffer
solution pH 4.75, in the investigated potential range from 0.0 to 0.8 V (vs. SCE),
there was observed one well-defined oxidation peak around 0.5 V. The resulting
signals obtained at two electrodes were of different intensity, which leads to
conclusion that signals significantly depend on the type of glassy carbon electrode
material. Doxorubicin strongly and irreversibly chemisorbs on the electrode surface.
Moreover, it was a special challenge to recover the electrode surface after
measurements, which was successfully done by immersing them in sodium
hydroxide aqueous solution pH 10. In our research we confirmed the possibility of
doxorubicin detection in model solution at low ppb concentration level.

We try to investigate the interactions between FNP and doxorubicin applying a
highly sensitive voltammetric method. Since the mechanism of interaction between
FNP, which is believed to act as a protector during chemotherapy, and doxorubicin
has not been defined clearly, in our further research we will employ voltammetric
measurements to get a deeper insight in the investigated area.
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Varenicline, 7,8,9,10-tetrahydro-6,10-methano-6H-pyrazino(2,3-h)(3)benzazepine is
a novel drug used for smoking cessation. Its mechanism of action, as a partial
agonist, is to block the full-agonist activity of nicotine by competitive binding.

No literature data on electrochemical study of varenicline and the methods based
on its electrochemical behavior were found.

The reduction of varenicline (VAR) was studied at hanging mercury drop electrode
(HMDE) in a wide pH range (Britton Robinson buffer, pH 2-12), showing the
electrochemical activity at all pHs investigated. In an acid medium (pH < 6), two well
distinguished waves were observed (with AEq2 ~ 0.5 V), and only one, well
developed reversible wave in pH range from 6 to 12. This is in accordance with the
electrode reaction mechanism which is proposed as two two-electron reduction of
C=N bond.

Based on the reversible voltammetric peak of VAR (in BR buffer at pH 5 and 8), a
robust, highly reliable adsorptive stripping square-wave voltammetric method
(AdSSWYV) was developed for determination of VAR in buffer solutions and spiked
plasma samples.

The linearity was achieved by AASSW voltammetry in the range from 1.0x10° -
1.6x107 M and from 2.0x10® — 1.2x107 M at pH 5 and 8, respectively, with
detection limits 2.72x10° M and 4.0x10° M, and limits of quantification 9.08x10™° M
and 1.33x10® M. The determination of VAR in protein free spiked human plasma
samples showed much better results at pH 8 within linear concentration range from
5.0x10° — 1.4x10”" M, with limit of detection 1.49x10® M, and quantification limit of
4.96x10° M.

The comparison of statistically obtained parameters for VAR in plasma samples
spiked with Champix® tablets by applying UPLC method as a reference one,
confirmed the high accuracy of investigated voltammetric method.
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Varenicline is a novel and selective nicotinic receptor partial agonist and is FDA
approved for smoking cessation. Because of its mixed agonist-antagonist effects,
varenicline is expected to reduce the psychogenic reward associated with smoking
while also relieving nicotine craving and withdrawal symptoms in abstinent subjects.
The electrochemical study of varenicline (VAR) was done in a wide pH range (2-
12), at boron doped diamond electrode (BDDE) and glassy carbon electrode
(GCE), using cyclic (CV) and square wave (SW) voltammetric techniques.
Depending on the pH and the type of the working electrode the characteristic
electrochemical behavior of varenicline was established. It was shown that the use
of BDDE electrode, in the case of varenicline, is a good alternative for studing the
reduction processes in cathodic regia of potentials.

Based on the obtained results the new electroanalytical method was developed for
its determination in buffer solutions and plasma samples. By applying square wave
voltammetry (SWV) on BDDE and GCE, at pH 3.5 and 4.0, the linear dependence
in plasma samples was achleved within the concentration range from 2x10°
1%x10° M and 4x10° — 1x10° M, respectively. L|m|t of detectlon (LOD) and limit of
quantlflcatlon (LOQ) were obtained as 7.1x10” M and 2.4x10° M on BDDE, and
1.0x10° M and 3.5x10° M on GCE, respectively. The recovery and RSD values
obtained for VAR in plasma suggested BDDE electrode to be preferable in
comparison with GCE.

The accuracy of the voltammetric method was confirmed through determination of
VAR in plasma spiked with Champix® tablets and the results were statistically
compared with those obtained with UPLC method, as a reference one.
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T.Rumlova, I.Jiranek, J. Barek
Charles University in Prague, Faculty of Science, Department of Analytical
Chemistry, UNESCO Laboratory of Environmental Electrochemistry, Prague 2,
Czech Republic

E-mail: rumlova@natur.cuni.cz

5-Nitroquinoline (5-NQ) belongs to the group of nitrated aromatical heterocyclic
compounds and is known as a cytotoxic compound [1, 2]. This contribution focuses
on search of optimized conditions for determination of 5-NQ using modern
voltammetric methods, namely differential pulse voltammetry (DPV) and direct
current voltammetry (DCV) at a carbon film electrode (CFE). The advantages of
carbon film electrode are primarily its wide potential window in both cathodic and
anodic regions (cca 3 V span), high sensitivity and low noise of measurements.
Another advantage of CFE is quickly and easily renewable surface of the electrode
and also non-toxicity as compared to mercury electrodes [3]. Determination of 5-NQ
at CFE is based on cathodic reduction of present nitrogroup. It was confirmed that it
is possible to determine 5-NQ in concentrahon ranges of 0.4 to 100 umol.I” W|th
limit of quantlflcatlon (LOQ) 1 pmol. r using DC voltammetry and 0.2 to 100 pmol. r
with LOQ 0.4 pmol. I using DPV. All of these measurements were made in medium
of Britton-Robinson buffer pH of 11.0. This work has proven practical applicability of
CFE for determination of submicromolar concentrations of 5-NQ based on cathodic
reduction of present nitrogroup.

This work was supported by the Ministry of Education, Youth and Sports of the
Czech Republic (Projects MSM 0021620857, LC 06035, and RP 14/63).

[1] Siim B. G., Atwell G. J., Anderson R. F., Wardman P., Pullen S. M., Wilson
W. R., Denny W. A.: J. Med.. Chem. 40, 1381 (1997).

[2] Siim B. G., Atwell G. J., Wilson W. R.: Biochem. Pharm. 48, 1593 (1994).

[3] Yosypchuk B., Barek J., Fojta M.: Electroanalysis 18, 1126 (2006).
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NEW POTENTIOMETRIC SENSOR FOR THE DODECYLSULPHATE
DETERMINATION

Y. Bazel'?, V. Lavra', T. Kulakova', I. Shepa’, V. Pauk'?, L. Rusnakova®
1Department of Analytical Chemistry, Uzhhorod National University, Uzhhorod,
Ukraine

2Department of Analytical Chemistry, University of P.J. Safarik, Kosice, Slovakia

E-mail: lenka_rusnakova@azet.sk

Modern methods for the sodium dodecylsulphate determination are following:
chromatography, extraction-spectrophotometric or extraction-spectrofluorometric
techniques and potentiometry with ion-selective electrodes — each has its
advantages and lacks. Chromatography are too expensive for daily use.
Spectrophotometric and spectrofluorometric methods use toxic organic solvents.
The most of known dodecylsulphate-ISEs have good sensitivity, but are
complicated in manufacturing, have small time of a life and low selectivity.

The liquid plasticized membrane potentiometric sensor for the sodium
dodecylsulphate determination was developed. Influences of different solvents and
plasticizers were studied. The ionic associate of sodium dodecylsulphate and
astrafloxine FF base was used as ionophore. PVC membrane was plasticized with
dibutyl phtalate (DBP), dibutyl sebacate (DBS), dioctyl phtalate (DOP), dinonyl
phtalate (DNP), tricresyl phosphate (TCP). Influences of conditioning time, solutions
pH, composition of internal solutions and background electrolytes were
investigated. Electrode response time kinetic studies were carried out. Coefficients
of selectivity were calculated for more than twenty interfering ions. Electrode has a
near-Nernstian slope: 56.7 — 59.0 mV per decade over the dodecylsulphate
concentration range 10° — 10" M. The limit of detection is 9x10-6 M, pH working
range: 2 — 11, response time: less than 10 s, electrode life time: more than 6 month.
The electrode is suitable for definition of concentration of dodecylsulphate -ions in
wide range of concentrations and can serve as a reliable sensor for the control of
the anionic surfactants in natural and industrial targets.

Acknowledgements: The work is supported by the Grant Agency APVV (project SK-
UA-0009-09) of Slovak Republic.
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MONITORING OF ELECTROLYTE IMPURITIES IN OIL USING
ELECTROMEMBRANE METHOD

A. Shmatko, Y. Oleynikova, V. Gargolin
«SES Sphere», Sosnovy Bor, Leningrad region

E-mail: anashmatko@sbor.net

To ensure the apparatus monitoring of electrolyte impurities entering the turbine oil
system at the cooling water leakage, is applied electromembrane method of
extracting impurities from oil to the aqueous phase, followed by conductometric
detection. Removing electrolytes impurities that are in the form of emulsified
aqueous solution in the oil (inverse emulsion), is carried out in flowing two-chamber
two-electrode cell, in which the controlled oil is separated from the aqueous phase
by a hydrophilic membrane. Quantitative determination of electrolyte impurities in
the oil is produced by the increment of the conductivity of aqueous solution after
passing through a membrane cell.

Dialysis flow of ionic components from the inverse emulsion through the membrane
is quite small, which does not provide the method for the analysis of ionogenic
additives in oil. This may be due to the slow kinetics of water droplets transport to
the membrane and their coalescence with a film of water on the membrane surface.
The imposition of the normal electric field leads to intensification of electrolytes
transfer from the emulsion to aqueous phase through the membrane. Besides the
direct influence of electrodialysis transfer on the transport of ions across the
membrane, electric field accelerates the process of coalescence of aqueous salt
solution droplets with the aqueous phase film on the membrane surface due to their
polarization. Also, do not exclude the influence of electric field on acceleration of the
aqueous droplets transport in the membrane surface layer of the oil phase, where
their convective transport becomes weak.

The known regularities of the process (the dependence of electrolyte impurities
transfer by the electric field gradient and their concentration in the oil) allow us to
apply electromembrane method for analysis of electrolyte impurities in turbine oil
and for tightness control of heat exchange equipment.
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THE INVESTIGATION OF THE ELECTROCHEMICAL REDUCTION PATHWAY
OF 1-(4’-IODOPHENYL)-3,3-DIMETHYLTRIAZENE AND ITS VOLTAMMETRIC

DETERMINATION
M. C. Stevi¢', Lj. M. Ignjatovi¢’, J. Barek?, J. Zima?, A. M. Tasi¢'
"Faculty of Physical Chemistry, University of Belgrade, Belgrade, Serbia
2 UNESCO Laboratory of Environmental Electrochemistry, Department of Analytical
Chemistry, Charles University, Prague 2, Czech Republic

E-mail: milica@ffh.bg.ac.rs

1-(4’-iodophenyl)-3,3-dimethyltriazene (IPDMT) is a genotoxic substance that also
exhibits cancerostatic activity. On the basis of voltammetric, coulometric,
spectrophotometric and chromatographic measurements, in the present paper, an
attempt was made to investigate the mechanism of electrochemical reduction of the
studied triazene and to postulate a corresponding reduction scheme. It was
established that, for reduction of the triazene group, four electrons are required,
resulting in the formation of amino- and hydrazo- compounds, and the reduction
pathway was postulated. The polarographic behavior of IPDMT was investigated
and the optimum conditions were found for its determination by Sampled Direct
Current and Differential Pulse Polarography at a Static Mercury Drop Electrode, as
well as, by Differential Pulse Voltammetry at a Hanging Mercury Drop Electrode
and an Amalgamated Silver Electrode in the concentration range 1x10™ to 1x107
mol L. The sensitivity of the determination can be improved by preliminary
adsorptive accumulation of the investigated substance on the surface of the
Hanging Mercury Drop Electrode. Differential Pulse Adsorptive Stripping
Voltammetry can be used in the concentration range 1x10° to 1x107° mol L. It
was found that for IPDMT, at an accumulation potential of -0.3 V vs Saturated
Calomel Electrode, with a deposition time of 10 min, the limit of determination is 2
x10"" mol L™
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ELECTROCHEMICAL INVESTIGATION OF IRON-PHYTATE INTERACTIONS
M. Sala, G. Marolt, B. Pihlar

University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ljubljana,
Slovenia

E-mail: Martin.Sala@fkkt.uni-lj.si

Phytate’s structural, chemical and physical properties are the cause for its presence
in many biological systems. Since its discovery has been thoroughly researched
and applications in diverse fields have been found, such as nutrition, health and
conservation sciences. Strong interactions of phytates (Phy) with many metals were
found and have raised the interest in studies dealing with bioavailability of minerals.
Because of this property it is often regarded as antinutritient, although the same
property allows phytate to act as an antioxidant. It is known that phytate forms with
Fe(lll) strong complexes and characterization of either chelates in solution or solid
precipitates is a complex task, that is not yet fully resolved and understood Many
studies were reported on iron(lll) complexation by phytate studied by *'P NMR,
potentiometric or spectrophotometrlc methods, but only a few have used
voltammetric measurements.” Recently Wang et. al. has shown that phytic acid
can be used for layer-by- Iayer assembly for fabrication of mesoporous gold film and
its biosensor appllcatlon We have conducted a series of experiments using
polycrystalline gold electrode (PGE) and hanging mercury drop electrode (HDME)
as working electrodes, since only this electrode enable identification and
characterization of very strong Fe(lll)-Phy complexes in solution. Using different pH
values and phytate to iron(lll) ratios for the solutions, we could deduce that the
soluble species in solution involve more than one molecule of phytate per iron(lll). It
is known that in phytate-iron precipitates up to four iron(lll) ions per phytate are
found," but if phytate is in excess precipitates completely disolve at phytate to
iron(lll) ratios around 6.

(1) Mali, G.; Sala, M.; Aréon, |.; Kaugi¢, V.; Kolar, J. Joural of
Physical Chemistry B 2006, 110, 23060.

(2) Sala, M.; Makuc, D.; Kolar, J.; Plavec, J.; Pihlar, B. Carbohydr.
Res. 2011, 346, 488.

(3) Veiga, N.; Torres, J.; Dominguez, S.; Mederos, A.; Irvine, R. F;
Diaz, A.; Kremer, C. Journal of Inorganic Biochemistry 2006, 100, 1800.

(4) Wang, Y.; Ma, X. L.; Wen, Y.; Zheng, Y. Q.; Duan, G. P.; Zhang,
Z.R.; Yangz, H. F. J. Electrochem. Soc. 2010, 157, K5.
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DEVELOPMENT OF CARBON NANOTUBE MODIFIED MEDIATOR BIOSENSOR
FOR REAL TIME MONITORING OF BLOOD GLUCOSE LEVELS IN FISH

M. Takase", Y. Yoneyama”, M. Murata®, K. Hibi"’, H. Ren", H. Endo""
1) Faculty of Marine Science, Tokyo University of Marine Science and Technology
4-5-7, Konan, Minato-ku, Tokyo, Japan
2) Hokkaido Industrial Technology Center, 379 Kikyou-chou, Hakodate, Hokkaido,
Japan

E-mail: danzhime.anden.see@gmail.com

We have been developing biosensors for continuous blood glucose measurements
in fish using the inner scleara fluid of the fish eyeball (EISF). Blood glucose
concentration of EISF is higly correlated to blood glucose concentration of blood.
However, these sensors used glucose oxidase (Gox), oxidizng enzyme, and
therefore change of oxygen levels corresponding to condition of fish were of
concern. To solve this problem, we developed mediator type biosensor: this
sensor was constructed by applying ferrocene, chitosan, single-walled carbon
nanotube (SWCNT), and polyethylene glycol (PEG) to the sensing cavity. A needle-
type biosensor was prepared using a platinum iridium wire as the working electrode
and Ag/AgCl paste as the reference/counter-electrode. SWCNT was mixed with 5%
Nafion solution and the sensing cavity was first dipped in Nafion solution to form
Nafion layer. Ferrocene derivative was modified to chitosan (Chit-Fc) and was
mixed with Gox. PEG was also added and the final cocktail was applied to the
sensing cavity (Nafion-SWCNT/Chit-Fc/Gox-PEG sensor). Nafion-SWCNT/Chit-
Fc/Gox-PEG sensor with 30mg mlI" of SWCNT showed good linear correlation
between the sensor outPut current and concentration of glucose standard in the
range of 3.32~400mg dI"' (R=0.9987). This sensor was also compared with sensors
without SWCNT and PEG, and attained higest sensitivity after seveny two hours of
continous measurement in standard solution. Finally, in vivo measurement was
perfromed. Constructed sensor was implanted in to EISF and as a result, real time
monitoring was made successfully for total of seventy eight hours.

*Corresponding author: endo@kaiyodai.ac.jp



EC53 Session A

VOLTAMMETRIC DETERMINATION OF LEAD, CADMIUM AND ZINC IN
PLANTS

Lj. Babingev’, M. Budimir?, Lj. Rajakovi¢®

! Faculty of Technical Sciences, Kosovska Mitrovica, Serbia
2 Faculty of Natural and Mathematical Sciences, Kosovska Mitrovica, Serbia
3 Faculty of Technology and Metallurgy, Belgrade, Serbia

E-mail: babincev@ptt.rs

In this work, the investigations of voltammetric determination of heavy metals (lead,
cadmium and zinc) in plants, were described. Two types of plants were selected:
accumulating plants and plants used in nutrition. Efficiency of heavy metal extraction
was determined by measuring concentration of lead, cadmium and zinc before and after
the sorption process by armeria maritima (from the soil) and white willow (from water).
Impact of heavy metals on living organisms (humans and animals) was determined by
measuring the concentration of lead, cadmium and zinc in spinach, cultivated on the
territory of Kosovo and Metohija as well as in the biomass of natural lawns.

For metal determination voltammetric technique was applied — potentiometric stripping
analysis (PSA). Lead, cadmium and zinc from previously dilapidated plant samples were
determined as follows:

e By metal extraction due to reduction on previously formed working electrode.
Working electrode is formed by depositing thin film of mercury on a glassy carbon
surface under the current of 48,90 pA from the solution of mercury(ll) ions.Extraction
of metal on working electrode was realized at potentials of: -0,999 V for lead, -1,106
V for cadmium and -1,350 V for zinc. All the three metals were extracted
simultaneously at the applied potential of -1,400 V; and

e By returning metal into the solution due to oxidation when the potential of the working
electrode practically remained constant until the total amount of collected metal is
oxidized. After the completed oxidation of one element, the potential of working
electrode increased up to the characteristic potential at which the oxidation of
another metal occured. Metal concentration is determined after the oxidation by
standard addition method.

Results of this research show that armeria maritima may accumulate up to 1,8% of lead

for the content less than 20 ug dm3, white willow 30,3% of lead, 53,2% of cadmium and

3.9% of zinc. Lead content in spinach was determined by PSA method with variation of

4%, while during simultaneous determinations in biomass of natural lawns, the variations

were: 4,58% for lead, 1,91% for cadmium and 1,89% for zinc.

References

1. J. Wang, Stripping Analysis, VCH Publishers, Derfield Beach, Florida, 1985, p. 119

2. Z.J.Suturovié, Elektrochem. Stripping Analysis, Faculty of Technology, Novi Sad,
Serbia, 2003, p. 120

3. Lj. Babinceyv, Lj. Rajakovi¢, M. Budimir, S. Andelkovi¢, Biotech. Animal Husb. 26
(2010) 435



EC54 Session A

INFLUENCE OF PROTOLYTIC EQUILIBRIA ON ELECTRO-OXIDATION
POTENTIALS OF ELLAGIC ACID IN AQUEOUS METHANOL MEDIUM

A. Simi¢," T. Verbi¢," M. Senti¢," M. Vitorovi¢-Todorovié,? I. Juranié,® D. Manojlovié'

1Faculty of Chemistry, University of Belgrade, Belgrade, Serbia
2Military Technical Institute, Belgrade, Serbia
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Ellagic acid is plant-derived polyphenol found in a wide variety of fruits and nuts
such as raspberries, strawberries, walnuts, grapes, and black currants. It is the
major phenolic constituent present in distilled beverages. It exhibits antimutagenic,
antioxidant, and anti-inflammatory activity in bacterial and mammalian systems. The
protective effects of ellagic acid are often attributed to antioxidant activity.
Electrochemistry provides powerful tool for the study of redox reactions. However,
the voltammetric methods have not been used for the analysis of ellagic acid, so
far. We studied the electro-oxidation of ellagic acid at various pH in methanol-water
medium using cyclic voltammetry (CV) on the glassy carbon (GC) electrode. Acidity
constants (pKa1 and pKas) were potentiometrically determined and UV/VIS
spectrophotometry was used for pK, values evaluation.

The cyclic voltammetry study of eallagic acid (0.2 mM) was carried out in pH range
2-9 (methanol:water=1:1, v/) at t=25+1 °C. In acidic media, the oxidation of ellagic
acid is a two step process (two peaks), but peaks are almost completely
overlapped. The separation of peaks 1 and 2 was much better in the second scan.
The oxidation potentials of both peaks depend on pH. At higher pH values (>5) the
peak 2 E, value becomes pH independent, which implies that protons no longer
participate in the oxidation process. This result is in accordance with
potentiometrically  determined  acidity constants  (pKa1=5.42+0.01 and
pKa2=6.76+0.01). According to heat of formation and electron densities calculated
on semiempirical level (MOPAC 2007, MNDO-RM1 Hamiltonian) dissociation
scheme was proposed. The behavior of ellagic acid was also
spectrophotometrically studied and obtained results are in a good agreement with
experimentally determined pK, values.



EC56 Session A
ELECTROCHEMICAL BEHAVIOUR OF A SERIES OF AMINO ACIDS,
AMINOALCOHOLS AND BIOGENIC AMINES: CORRELATION WITH THEIR
ANTIOXIDANT ACTIVITY
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Aerobic organisms form Reactive Oxygen Species (ROS) as an unavoidable
consequence of cell metabolism. The defense mechanisms that the organisms use
against these highly reactive species include enzymes and naturally occurring
antioxidants. However, the antioxidant activity of the physiological mechanisms can
prove inefficient when the organism suffers from excessive ROS production, as in the
case of many pathological conditions. As part of our research toward natural and
synthetic compounds that display important antioxidant activity, the antioxidant
properties of selected amino acids, amino alcohols and biogenic amines, which will be
further exploited as starting materials for the synthesis of a variety of analogues, were
investigated.

The series of compounds presented in this study include the amino acids phenylalanine,
tyrosine and 3,4-dihydroxyphenylalanine (L-DOPA), the biogenic amine tyramine, a
natural product produced by the enzymatic decarboxylation of tyrosine, phenethylamine
and its derivative 2-amino-1-phenylethanol. These compounds possess the common
structural feature of phenethylamine and differ on the substitution of the phenyl ring and
the alkyl chain and are all reported to exhibit a variety of biological activities.

R4
R, NH, R,=H, OH
R,=H, COOH
R, R; R4=H, OH

R4
In this work, the electrochemical behavior of the compounds is studied using cyclic
voltammetry (CV), a technique that can provide an insight on the mechanism of the
electrochemical oxidation of the molecules under investigation. In addition, the
evaluation of the antioxidant activity of these compounds using different antioxidant
protocols, namely the luminol chemiluminescence assay, which evaluates the ability of
the compound to scavenge H;O; and the Ferrous Reducing Antioxidant Power (FRAP)
assay is presented. The correlation of the oxidation potential of the investigated
compounds with their antioxidant activity, as well as the relationship among structural
characteristics, antioxidant activity and electrochemical properties will be discussed.

Acknowledgements: Financial support by the Basic Research Committee Programme
‘NEBE 2010’ is gratefully acknowledged.
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MODERNISATION OF POST-GRADUATE STUDIES IN CHEMISTRY - AN
EXAMPLE OF TEMPUS PROJECT ACTIVITIES
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With the ever increasing progress and achievement in science and technology it is
evident that higher education is under pressure to continue to produce new
generations of highly skilled individuals who WI|| be capable of contributing further
intellectual and technical advances in the 21° century Therefore, higher education
(HE) systems around the globe are facing an enormous challenge to develop
programmes that will help produce such scientific graduate leaders and the
necessary new generations of scientists and technologists.

To further this aim of developing modern scientists who are competitive on a world
stage we have created a joint-project, funded by the European Union’s TEMPUS
programme, which aims to respond to current societal needs to develop and
modernise existing Chemistry programmes in Serbia with a view of making
programme outcomes consistent with best practice in the rest of Europe. To
achieve this aim the following objectives and work programmes have been
formulated:

¢ Reuvisit current benchmarking statements and align them with 21° century needs.

e Modernisation of the HE quality assurance (QA) system.

o Staff development — both pedagogical and scientific.

e Implementation of modern technologies in teaching practice.

e Aligning assessment criteria and methodology with new teaching strategies.
Higher education modernisation is often driven by its desire to establish the most
effective ways of delivering teachlng and learning. When talking about
modernisation of curricula in the 21° century we often think about the use of
interactive boards, public response systems and virtual learning environments.
Although, it is evident that computer aided teaching and learning processes are
often dominant, implementation of new teaching strategies is often dictated by:

¢ An effective understanding of how learners learn (teaching theories).

e The desired learning outcomes (stake holders input)

¢ Available tools (technologies).

e Latest scientific discoveries (research informed teaching).
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SPECIAL LABORATORY COURSE FOR CHEMISTRY STUDENTS
INTENDING TO GET JOB IN INDUSTRY

V.D. Krsmanovi¢ , P.A. Pfendt
Faculty of Chemistry,University of Belgrade, Belgrade, Serbia

E-mail: vobel@chem.bg.ac.rs

Beside Industrial chemistry course for all chemistry students at our Faculty, another
special course was developed in the fourth (last) year of studies (B. Sc) for
undergraduate students intending to find job in industry. The practical work (six
hours per week during one semester) was mostly based on small research projects
with a lot of problem solving activities. During the projects students were working
individually and as a team. Within the projects students were combining their
previous knowledge and skills in analytical chemistry (gravimetric, volumetric and
spectrophotometric determinations) with some new information from the literature.
Several projects included complete qualitative and quantitative analyses of food
(milk, flour) or complex commercial products (putty, sealing wax, scouring powder).
The emphasis was on selection of suitable method and the interpretation of data.
The programme of the course included teaching/learning about quality system
based on international ISO 9000 standards in chemical laboratories, certified
reference materials, interlaboratory studies and accreditation of laboratories.
Information about various local and international activities were also mentioned:
VAM initiative (Valid Analytical Measurement, UK), EURACHEM (A Focus for
Analytical Chemistry in Europe), IMEP (International Measurement Evaluation
Programme), CITAC and IUPAC. The short video “Let's agree to agree”
commissioned by the Laboratory of the Government Chemist (UK) was found both
interesting and useful as teaching aid. Two round interlaboratory study was
simulated in the laboratory. Each student was in the role of participating chemist
and had to determine the content of chloride in river water. Very good agreement of
results was obtained. Students also learned about various methods for analysis
and evaluation of results of interlaboratory studies.
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MULTIVARIATE ANALYSIS: TEACHING OF PRINCIPAL COMPONENT
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The main objective of the work is the use of computational and chemometric tools
and the integration of knowledge in chemistry to face up the complexity of questions
in the environmental area. Starting from a priori knowledge and multivariate nature
of the data collected in the “Air Quality Control Network of the Community of
Madrid, chemometrics appeared as a powerful tool in providing information needed
for drawing conclusions concerning the air quality and the influence of several
climatological parameters on air pollution (i.e. wash out effect of rain or solar
radiation and photochemical tranformation).

In this work, several groups of students collected information about chemical and
meteorological parameters of 23 stations, located in several towns and villages of
the Madrid Region, throughout a month. These stations get measurements every
hour 24 hours a day. Data are presented as text file in
http://gestiona.madrid.org/aireinternet/html and all this information is transformed in
large data sets after elimination of “non valid” responses. The transformation of
high-dimensional feature space to the space defined by a few factors was used for
multidimensional data graphical representation. Influences of the variables were
discussed through their significant loadings on extracted factors. These factors are
related to the sources of the parameters in the studied stations. Additionally, as
pattern recognition method, cluster analysis was also applied. It proved useful for
finding groups within the observed dataset. All stations provide information about
amounts of NO (pg/mS), NO, (pg/m3), suspension particles (pg/mS) and ozone
(ng/m?), some of them CO (ug/m?), SOz (ug/m®), hydrocarbons (ug/m®), benzene
(pg/ms), xilene (pg/m3), toluene (pg/mB) as well as climate data as temperature (°C),
air humidity (%), direction (Grd) and speed of the wind (m/s), atmospheric pressure
(mbar), solar radiation (W/m2) and precipitation (I/m2). The quality of the air can be
related not only to climatological parameters but also to population and industrial
activities. Data about demographic parameters and the socioeconomic activity can
be obtained from
http://www.madrid.org/iestadis/fijas/estructu/demograficas/censos/icenso01.htm.




EDO05 Session A

ANALYTICAL CHEMISTRY IN RUSSIAN UNIVERSITIES:
REFORMS ARE STARTING
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At the beginning of the second decade of the 21*' century all Russian Universities
(RU) are obliged to start fulfilling the directives of the Russian Ministry of
Education and Science in accordance with the Bologna Process. In autumn 2011
all entrants of the Universities will begin to study according to the novel standards
and programs which have been under discussion and preparation for several years.
The majority of RU will implement the two-tier system of studies, while some of
them, and Moscow State University (MSU) especially, is permitted to continue to
graduate specialists. However, the specialist's course at MSU will take 6 years
instead of 5; besides, MSU has got programs and licenses for awarding master's
degrees for the bachelors graduated from other universities.

According to the novel plans, the basic course of analytical chemistry (AC) will be
taught at the 2M year during the same number of hours (684), while specialization in
AC will take almost twice more hours (936) than now (540). Such plan widens the
possibilities of the AC divisions to give the students more knowledge in different
areas of AC, and many new special courses are planned to be taught.

Nowadays chemistry is not as popular among the young people as it was 40-50
years ago. So RU, and MSU especially, take great efforts to attract talented
schoolchildren and stimulate them to enter chemistry departments; various
chemistry olympiads for schoolchildren are organized which facilitate the winners to
enter the leading Russian universities. Different divisions of the chemistry
departments compete with each other for best students. They organize the so
called "Open Days" to show the students their research laboratories with modern
equipment, tell about the most interesting achievements, etc. In this respect the AC
divisions have great advantages as their professors can demonstrate good
prospects of student’s participation in solving real problems of chemical analysis
and tell about successful work of future analysts in the most powerful companies,
analytical centers, laboratories, etc.

The activities of different AC divisions under the modern conditions are coordinated
by the Commission for Teaching AC of the Scientific Council on AC of Russian
Academy of Sciences. This commission promotes the co-operation between AC
divisions, organizes conferences on topical problems of teaching AC, accumulates
and disseminates the experience of various universities, develops the
recommendations related to various aspects of teaching, etc.
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A VIDEO DEMONSTRATION RELYING ON A FLOW INJECTION SYSTEM:
COMPARISON OF STABILITY OF SOME CUPRATE(ll) COMPLEXES
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A didactic and simple flow injection sys’[em1 is proposed for a class demonstration.
To this end, a webcam device is attached to the flow-through cuvette allowing
images of the flowing sample to be real-time projected on a large screen. The
demonstration involves in-line formation and monitoring of different colored
cuprate(ll) complexes. By taking into account the typical coloration of the projected
images, it was pOSS|bIe to classify the complexes according to the sequence of their
stability constants®. The cuprate(ll) complexes involving water ammonia, EDTA
and DDTC, as Ilgants were selected. The solutlons 0.1 mol L™ Cu, 0.03 mol L™
NH3, 0.1 mol L' EDTA and 0.02 mol L' DDTC were inserted into the carrier
stream 0.1% v/iv HNOz by means of solenoid valves. Concepts of analytical
selectivity and sensitivity are discussed. The flow system is rugged and portable,
requiring minute amounts of solutions.

The stability of a complex is related to the metal ion involved and the characteristics
of the ligand, that was confirmed by the formation of different complexes according
to the colours associated with combinations of the involved solutions.

The inherent characteristics of the proposed flow system, especially the portability
and low consumption of solutions are appropriate for its use in didatic video
demonstrations. This feature makes it attractive to classes with many students due
to the visibility of the projection of the images. Moreover, better student / teacher
interaction can be achieved.
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The development of more effective and efficient methods to assess of grape and
wine quality is important to the wine industry. It is desirable that these methods
require minimal sample preparation and are able to produce rapid results,
preferably providing information on multiple parameters simultaneously. The aim of
this study was to investigate the use of Fourier Transform Infrared Spectroscopy
(FTIR) spectroscopy in the assessment of wine quality. Artificial Neural Networks
were chosen as the modeling tool to correlate measured FTIR spectral data of wine
samples with the following experimentally determined parameters: total phenolic
content, total acidity, pH and alcohol content. A total of 20 (2 whites and 18 reds)
different wines were used in this study. These came from three different states
across Australia; New South Wales, Victoria and South Australia.

The total acidity of the wines ranged from 4.45 to 7.04 g/L, pH from 3.25 to 3.88,
acetic acid concentration from 0.02 to 1.54 g/L, and polyphenolic content from 0.17
to 3.06 g/L. Within the FTIR fingerprint region, several absorption bands were
identified as functional groups representative of those present in phenols. A plot of
the values predicted by the validated ANN models showed excellent correlation with
the experimentally measured values (r = 0.898-0.924). This work demonstrates the
use of FTIR spectroscopy is a promising technique and provides a rapid and
nondestructive method for the assessment of wine quality, with minimal sample
preparation.
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ANALYSIS OF CAROTENOIDS, VITAMINS AND FOLATES
IN TRADITIONAL FOODS FROM BLACK SEA AREA
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Nowadays, consumers are much more aware of nutritional composition and show
especially interest in compounds with putative health benefits. Therefore, in the last few
years, great attention has been devoted to the study of bioactive compounds in order to
promote the consumption of traditional foods.

The European project BaSeFood (Sustainable Exploitation of Bioactive Components
Black Sea Area Traditional Foods) aims to study the traditional foods from the Black Sea
Area, namely their nutritional and bioactive composition. In the frame of this project, the
present work has analysed carotenoids, vitamins and folates in 33 traditional foods.
Carotenoids and retinol and o-tocopherol were extracted from samples with
hexane/ethanol (4:3, v/v) and quantified by Ultra-high Pressure Liquid Chromatography
(UPLC®) with diode array detection (DAD). Some samples required saponification with
methanolic KOH prior to chromatographic analysis. In general, the most abundant
carotenoid was B-carotene. Most of the samples contain a-tocopherol and do not present
retinol.

In order to quantify L-ascorbic acid, samples were stabilized with perchloric acid and
metaphosphoric acid in ultrapure water. After dilution with mobile phase, samples were
quantified by High Performance LC (HPLC)-DAD. One of the samples with highest L-
ascorbic content was fruit of the evergreen cherry laurel (29.7 mg/100 g).

Vitamin B, was extracted after acid hydrolysis followed by dephosphorylation and HPLC
with fluorescence detection (method EN 14152:2003, accredited according to ISO
17025). The determination of the total folate content in foodstuffs was carried out by a
microbiological assay (EN 14131:2003, accredited according to ISO 17025). One of the
highest vitamin B, and total folate levels was found for roasted sunflower seeds (0.19 mg
and 113 pg per 100 g of edible portion, respectively).
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Phytosterols (PS) are abundant in foods of plant origin and vegetable oils. These
compounds have received particular attention due to their capability to lower serum
cholesterol levels, resulting in significant reduction of the risk of heart disease. Also, the
consumption of fatty acids (FA) is important because it can be associated with both
negative and beneficial health effects, depending on the FA. This work was performed
within the collaborative research program Sustainable exploitation of bioactive
components from the Black Sea Area traditional foods (BaSeFood), funded by the
European Commission. Traditional foods from Black sea region are presently being
studied for their potential positive effects on human health, especially focusing on its
bioactives compounds. The aim of this study was to analyse the bioactive PS, total fat
and FA profile of 33 traditional foods from six Black Sea Area countries.

Total fat analysis was performed by means of an acid hydrolysis with Soxhlet extraction
(AOAC 948.15, 2000, accredited method according to ISO 17025). Preparation of FA
methyl esters was carried out by a combined method of methylation and
transesterification. For PS content, preliminary assays were done in order to establish
the optimal extraction conditions. Chromatographic analysis was performed with a gas
chromatograph equipped with a mass spectrophotometer detector. A HP-88, fused silica
capillary column (100 m x 0.25 mm i.d., 0.25 mm) was used for FA determination and
DB-5 MS (30 m x 0.25 mm i.d., 0.25 pm) was used for PS analysis. Samples were
analyzed in triplicate. The GC-MS method allows separation and identification of more
than fifty FA, including some trans-FA and w3 or w6 FA.

Great variability was found in the total fat content of samples. For instance, rose jam
total fat content was 0.02 g, while for roasted sunflower seeds was 58.2 g. Results are
given per 100 g of edible portion. A wide range of fatty acids profile was also found.
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PRELIMINARY STUDY OF BIOGENIC AMINES CONTENT IN CHILEAN
RESERVE WINES
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Biogenic amines are well known organic nitrogenous compounds with low
molecular weight; they are generally formed by bacterial decarboxylation of free
amino acids. In the case of wines this kind of amines are mainly formed during
malolactic fermentation. Biogenic amines are a health risk for sensitive individuals
producing varied symptoms. The objective of this work was to determine the
biogenic amine content in Chilean reserve wines. An HPLC method with pre-column
dansylation was optimized and validated to accomplish a reliable quantification of
histamine, tyramine, spermine, spermidine, putrescine, cadaverine and
phenylethylamine in Chilean reserve wines. Using a central composite design
derivatization and chromatographic conditions were optimized. Separation was
performed on a C1g YMC-Pack ODS-A (150 mm x 4.6 mm, 5 ym) column at 45°C,
using a binary mobile phase in gradient composed of methanol and water at a flow
rate of 1.2 mL/min. Detection was performed at Aex 330 nm and Aem 520 nm.
Validation was established according to ICH guidelines, calibrations in matrix fitted
a linear regression model with R?>0.998. Repeatability (n=6) and intermediate
precision (n=3) in matrix showed RSD values of 4.2-5.8% and 6.8-9.1%,
respectively. Using this optimized and validated method sixty Chilean reserve
varietal wines of the most important grape varieties were analyzed, i.e. Cabernet
Sauvignon (n=11), Merlot (n=11), Carménére (n=11), Syrah (n=10) and Sauvignon
Blanc (n=10). Additionally, organic wines were also analyzed (n=7). Total biogenic
amines content ranged from 2.2 to 65.1 mg/L. No significant differences (P>0.05)
were observed between Cabernet Sauvignon (35.6+14.5 mg/L), Merlot
(38.949.9 mg/L) and Carménére (38.8+11.7 mg/L) but all showed statistically higher
(P<0.05) biogenic amines concentrations than Sauvignon Blanc (8.8+4.7 mg/L).
Syrah (23.2+7.1 mg/L) showed higher concentrations than Sauvignon Blanc
(P<0.05), lower than Merlot and Carménére (P<0.05) and not significant different
content than Cabernet Sauvignon (P>0.05). Organic wines (27.2+5.2 mg/L) showed
statistically comparable concentrations (P>0.05) with Cabernet Sauvignon, Merlot
and Carménére, and higher than the Sauvignon Blanc (P<0.05). Even when some
samples showed high values, they are still very far from the proposed toxic level of
100-225 mg/kg via oral intake. Nevertheless, attention should be paid since other
authors indicated slight poisoning with histamine levels of 8-40 mg, even at
concentrations of 0.4 mg/L.
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Tea infusions are one of the most consumed beverages in the world. One of the tea
compounds responsible for some beneficial effects is the amino acid L-theanine,
which presents an important capacity to improve the brain ability to concentrate,
learn and memorize. Tea infusions could be considered as functional beverage with
respect to L-theanine if an adequate number of cups of tea have the necessary
content to produce the desire effect. The objective of this work was to evaluate the
functionality of teas marketed in Chile regarding its L-theanine content. An
HPLC/UV method was optimized and validated in order to quantify L-theanine
content in tea infusions. Chromatographic conditions were optimized using a face-
centered central composite design, obtaining the following optimal conditions:
mixture of water and phosphoric acid (99.9: 0.1% v/v) as mobile phase, flow rate of
0.3 mL min”" and column temperature of 37°C. Separation was carried out with the
above conditions using a Cig Purospher Hibar-STAR (250 mm x 4.6 mm, 5 pym)
column detecting L-theanine at 210 nm. Validation was established accordlng to
ICH guidelines, calibration in matrix fitted a linear regression model with R?=0.9902.
Repeatability (n=6) and intermediate precision (n=3) in matrix showed RSD values
of 4.5% and 1.3%, respectively. Considering the work objective, only the most
representative tea brands were analyzed (80% of the market). From nine tea
brands, 18 samples (14 black and 4 green teas) were analyzed in triplicate,
showing a L-theanine content from 4. 2 to 24.8 (2.2 t0 124 mgg ) with a mean
value of 10.1 mg in 200 mL (5.0 mg g ) Considering the effective dose reported,
only one brand (black tea) presented an adequate L-theanine content to produce
the desired effect (two serving cups). Therefore it is possible to conclude that most
teas marketed in Chile have not an adequate L-theanine content to be considered
as functional food regarding this amino acid.
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FRUIT JUICES AND TEA/DIETARY SUPPLEMENTS:
ANTIOXIDANT PROPERTIES AND LABEL INFORMATION
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Tea infusions and fruit juices are appreciated all over the world due to their
organoleptic characteristics and antioxidant properties. Their complex composition
include a mixture of bioactive compounds with different complementary
mechanisms of action, providing a greater protection against free radical damage,
than any single molecule ™.

Food industry provides several of these products claiming health properties.
However, labels are usually not enough informative about this topic.

The aim of this work was to analyse total phenolics, total flavonoids, vitamin C and
antioxidant activity (using the DPPH assay) of several commercial juice samples
(n=10) and teas/dietary supplements (n=9).

A great variability was found between the juice samples, probably due to the
different fruits used to prepare each commercial beverage. Moreover, juices without
antioxidant claims in the label presented similar values to those with it. Within juice
samples, the highest contents of total phenolics (including flavonoids) were found in
mixtures with tea. Juices containing blackberry and raspberry presented the lowest
vitamin C levels. In what concerns to teas/dietary supplements, a sample
composed by a blend of green tea, pineapple and hibiscus presented the highest
content of phenolic compounds. In a general way, the antiradical activity was highly
correlated with the phenolics content.
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SPECIATION OF ARSENIC SPECIES PRESENT IN RICE SAMPLES BY ION
CHROMATOGRAPHY
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The speciation of arsenic species commonly found out in the rice (Oryza Sativa)
samples using the ion chromatography was carned out employing a solution
containing 0.0019 mol L Na,CO3 / 0.0024 moI L NaHCO3 / 0.001 M NayB407, pH
10, as eluent, as proposed by Ricci et al'. The following arsenic species were
studied: arsenite, arsenate, dimethyl arsenate (DMA) and monomethyl arsonate
(MMA). In order to evaluate the retention time of each arsenic specie they were first
eluted separately. Then, standard solutions containing all the arsenlc species
studied in the following concentration levels: 20, 50 and 100 mg L were used to
verify if the retention time observed for the species remain constant. In fact, the
peaks corresponding to each one of arsenic specie are shaped and well resolved,
except for arsenate ion, and the total retention time required for elution of all arsenic
compounds was about 20 min. Then, the separation condition was evaluated in
order to obtain the effective separation of arsenic species. Thus Na,COs; was
studied in the range concentratlon of 0.0019 to O. 004 mol L keeping the
concentration of 0.0024 mol L™ NaHCO; and 0.001 mol L™ NayB,0O; constant In
this first study, it was verified that the eluent containing 0.0035 mol L™ NaxCOs /
0.0024 mol L' NaHCO3 / 0.001 mol L™ Na,B4O7 associated to the 0.70 L/min of
flow rate allowed the effective separation of arsenic species in about 10 min. The
equipment used in this study was the Suppressed lon Chromatography, model 761
SD Compact IC, Soft Drink, Metrohm, coupled to the conductivitymeter detector,
which justifies the higher concentration level employed for the standard solution of
arsenic species. The column used was the Metrosep A Supp 5 150/4.0 mm anion
exchange, with quaternary ammonium groups (Methrom).

Fapesp, INCTAA, CNPq

1. Ricci G.R.; Shepard, L.S.; Colovos, G.; Hester, N.E. lon chromatoghraphy with
atomic absorption spectrometric detection for determination of organic and
inorganic arsenic species. Anal. Chem., 53: 610-613, 1981.
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AN UNTARGETED APPROACH APPLIED TO THE CLASSIFICATION OF
SPANISH WINES
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Quality and organoleptic properties of wine are influenced by several factors.
Amongst them, origin, grape variety, ageing, oenological practices and vintage play
a key role. Because these factors are usually also related with the final price of the
products, there is an increasing interest in relating physicochemical properties of
wine with oenological features. Commonly applied approaches such as sensorial
assays, which are normally established by a group of expert pannelists, could be
unpractical when dealing with a large amount of samples. Alternatively,
compositional profiles of naturally occurring wine components can be used for
compositional purposes. Typical characterization of wines includes analysis of
organic acids, volatile compounds, polyphenols, metals and biogenic amines.
However, the myriad of compounds present in wines, including several hundred that
have not yet been fully identified, suggests that discrimination of wines will be better
accomplished when data coming from different families is simultaneously taken into
account [1].

Combining data from different sources, such as UV and fluorescence detectors may
result in higher performances when building classification models. Hence, this
communication describes the application of a HPLC-DAD-F method [2], to classify
wines according to oenological practices. This is accomplished using an untargeted
approach and unsupervised (PCA) and supervised (PLS-DA) methods. Both
methods allowed the classification and discrimination of Spanish wines according to
their appellation.

[1] A. Cuadros-Inostroza, P. Giavalisco, J. Hummel, A. Eckardt, L. Willmitzer and H.
Pefa-Cortés, Anal. Chem., 82, 3573-3580 (2010).

[2] O. Aznar, A. Checa, R. Oliver, S. Hernandez and J. Saurina, J. Sep. Sci., 34,
527-535 (2011)
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CHARACTERIZATION OF WINES BY ANALYSIS OF POLYPEHONOLS USING
CAPILLARY ELECTROPHORESIS AND CHEMOMETRIC TECHNIQUES
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Moderate consumption of wine has been associated with reduced risk of
cardiovascular disease and cancer, as well as with several beneficial effects on the
immune system and cognitive functions [1]. These health-promoting properties have
been correlated with the presence of phenolic compounds, in particular flavonoids
and some stilbene derivatives such as resveratrol. Other phenolic compounds, such
as phenolic acids and catechins play an important role in wine quality, contributing
in flavor and color properties, especially on red wines [2]. The quantification of
these active substances using reliable analytical methods and the evaluation of the
factors affecting the composition are considered at the moment a priority.

Capillary electrophoresis [3] together with high performance liquid chromatography
(HPLC) [4] with UV detection or coupled to mass spectrometry (LC-MS) are the
most common techniques for wine analysis. However, in most of these works no
more than 10 polyphenols are usually analyzed.

A capillary zone electrophoresis (CZE) method using UV detection for the
separation and determination of 20 polyphenols in wine samples has been
optimized using factorial design. As a background electrolyte a 30 mM sodium
borate buffer solution at pH 9.2 containing 5% isopropanol was used. Quality
parameters such as limits of detection (0.3-2.5 mg/L), linearity (r>0.998) and run-to-
run and day-to-day precisions (RSD values lower than 15%) were established.

The aim of this work is to use the previously CZE optimized method for the analysis
of the polyphenol to characterize wines. Chemometric methods such as principal
component analysis, linear discriminant analysis and cluster analysis were used in
order to determine if there is a connection between wine polyphenol content and the
origin of the wine samples.
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INTRAREGIONAL CLASSIFICATION OF SOUTH AFRICAN WINE ACCORDING
TO ORIGIN BY ICP-MS AND MULTIVARIATE STATISTICAL ANALYSIS.
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In recent years much progress has been made in South Africa and elsewhere in
wine authentication through fingerprinting techniques, in particular provenance
determination, to combat fraudulent practices such as label and blending fraud.
Results indicate that wine fingerprinting methods based on multivariate statistical
analysis of trace element data and isotope ratio data for selected elements, can
successfully be applied to classify wines from different countries and from different
regions from within one country. In our recent’™ work we have demonstrated that
the interregional classification of South African wines from the four major wine-
producing areas is possible and also verified the link between the trace element
composition of the wine with that in the provenance soil.

In current work we have investigated the intraregional classification of wines from
one region in order to establish the limits and reliability of the application. The main
objective was to ascertain whether differentiation was possible at ward level or even
at the estate level using trace element and "B/"°B isotope ratio data. The smaller
the geographical demarcation the higher the demands will be on the accuracy and
precision of the analytical data obtained by ICP-MS for successful classification.
Ultimately the trace element distribution in the soils of the different wards and
estates within wards will be the determining factor. Our results for the intraregional
classification of wine from the Stellenbosch region suggest that classification of
wines from different estates is indeed possible in the Stellenbosch region using
multivariate statistical analysis based on a combination of principal component,
cluster and discriminant analysis.

1. P.P. Coetzee and F Vanhaecke, Anal Bioanal Chem 383 (2005) 977-984
2. G.Van der Linde and P.P. Coetzee, SA J Chem 63 (2010) 207-214
3. C. Vorster, L. Greeff and P. P. Coetzee, SA J Chem 63 (2010) 207-214.
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QUANTIFICATION AND EVALUATION OF IN VITRO BIOACCESSIBILITY OF
MICRO AND MACRO ELEMENTS IN FRUITS, VEGETABLES AND CEREALS
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Determinations were performed to evaluate the bioaccessibility (using an in vitro
test) and the total amount of seven essential elements (Fe, Cu, Zn, Na, K, Ca e Mg)
in fruits (banana, apple, cupuagu and soursop), vegetables (lettuce and basil) and
cereals (rice, corn, amaranth and quinoa), more and less known by the Brazilian
population in general. It was found that the total and bio-accessible amounts of
macro elements (Na, K, Ca and Mg) were higher than the corresponding quantities
for microelements (Fe, Cu and Zn), in agreement with the nutritional needs of these
elements in human diet. The quantities of bioaccessibility (in mg of element/100 g
food) showed that the lesser-known foods have nutritional relevance with respect to
micro and macro elements determined. Among the elements studied, potassium
had the highest (90.8 % in average) and sodium showed the lowest (22.1 % in
average) bioaccessibility in food. The vegetables had considerable amounts of
calcium bio-accessible (371 + 8 for lettuce and 822 + 17 for basil, in mg of Ca/100 g
of food), showing that they are important sources of calcium for the human diet. In
general, amaranth and quinoa showed the lowest bioaccessibility for the elements
analyzed (values reaching 3.57 % for Zn in the quinoa and 7.32 % for Ca in
amaranth, percentage of bioaccessibility), and this fact can be correlated to the high
phytate content (which have complexing ability) present in these grains.
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THE INVESTIGATION OF TRACE METALS CONTENT AND STABLE
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Geographic identity of fruits is important because many consumers consider that
the quality of these is related to the geographic area in which the fruit was grown.
This is true, because each geographic area has its own climate, soil and water
resources that affect specific plant maturation and quality of fruits.

Inductively Coupled Plasma Mass Spectrometry (ICP-MS) is a multielement
technique suitable for the analysis of different matrix (water, soil, plant, juice, wine)
in semiquantitative mode providing high selectivity, sensitivity and lower detection
limits than other multi-element techniques. A simple and fast method for the
determination of metals in soil, leave, fruit juices samples, by ICP-MS after
digestion with HNO3 ultrapure, HF, uItraPure water of samples is proposed.
Analyses of carbon isotopic ratios (& 3C) in soil organic matter (SOM) provide
insights into dynamic of carbon cycle and it is specific for each area. Plants
discriminated against *co; during photosynthesis and the extent of this
discrimination is dependent on their photosynthetic pathway type (Cs, C4, or CAM).
Soil influences tend to be expressed indirectly through features such as heat
retention, water holding capacity and nutritional status.

A preliminary study related the existing correlation among isotopic signatures and
trace metals content on the soil-plant-fruit chain from different Transylvanian areas,
to highlight the particularities differences among different places from isotopic
viewpoint, is presented in this work.



FA14 Session A

A COMPARISON OF THREE EXTRACTION METHODS TO DETERMINE
OCHRATOXIN A IN BREAD SAMPLES
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The nearly ubiquitous consumption of cereals and cereal derivatives gives these food
products a very important position in human nutrition. In Portugal, one of the most
consumed cereal derived products is bread. It is usually consumed in a daily basis and,
sometimes, in considerable amounts by most part of the population.

The worldwide contamination of food and feed with mycotoxins poses a significant health
problem. Ochratoxin A (OTA), chemically known as N-{[(3R)-5-chloro-8-hydroxy-3-
methyl-1-oxo-7-isochromanyl]-carbonyl}-3-phenyl-L-alanine, is a mycotoxin mainly
produced by Penicillium verrucosum and some Aspergillus species (e.g. A. ochraceus,
A. carbonarius and A. niger). The International Agency for Research on Cancer has
classified OTA in group 2B as a possible carcinogenic compound to humans.

OTA occurs predominantly in cereal grains, cereal products, cocoa, spices, oilseeds,
coffee beans and legumes. However, cereal products are the major group of food
commodities where the toxin is of greatest impact. The frequency of food contamination
with OTA represents an important source of daily OTA intake [1]. The maximum levels
(MLs) fixed by European regulations for OTA in cereals and cereal products are 5 and 3
ug kg™, respectively [2, 3].

The "Quick, Easy, Cheap, Effective, Rugged and Safe” extraction method (QUEChERS),
microwave-assisted extraction (MAE) and immunoaffinity column extraction (IAC) were
used in the analysis of ochratoxin A in different cereal based bread types (wheat, maize
and rye). The extracts were analyzed by high-performance liquid chromatography with
fluorescence detection and the results were compared. The developed methods, based
on QUEChERS and MAE extraction, compare very favourably with the results obtained
using the classical IAC extraction. Moreover these methods constitute an improvement
as regards the cost and time of the analysis.

In the commercial bread samples analysed, OTA was detected in levels below the
established European legal limit for cereal based products.

[1] Duarte SC, Bento J, Pena A, Lino CM, Delerue-Matos C, Oliveira MBPP, Alves MR,
Pereira JA (2010) Influencing factors on bread-derived exposure to ochratoxin A:
Type, origin and composition. Food Chem Toxicol 48:2139-2147

[2] EC (2006) Commission Regulation (EC) No. 1881/2006 of December 19th setting
maximum levels of certain contaminants in foodstuffs, Off J Eur Union L 364:5-24

[3] FAO - Food and Agriculture Organization (2002) Worldwide regulations for
mycotoxins in food and feed in 2003. FAO Food and Nutrition Paper No. 81, FAO,
Rome, Italy
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The made-man chemical, Bisphenol A (BPA) (2,2-bis(4-hydroxyphenyl)propane) is an
Endocrine Disrupting Chemical, because acting as an estrogen receptor that can interfere with
the endocrine system, affecting health, growth and reproduction of animals and humans [1].
The BPA is a monomer that is mainly used in combination with other chemicals to
manufacture plastics heavily used in the production of various types of food and drink
containers to the quotidian use such as baby bottles, water bottles and water carboys; and
epoxy resins are used in the internal coating for food and beverage cans. It has been a great
concern, since it can migrate from these containers, increasing the potential risks of exposure
to BPA [2]. Therefore, contamination is widespread in the environment leading to a myriad of
exposures.

The aim of this study was to assess the evidence for BPA migration from different plastic
containers of low density polyethylene (LDPE), polyethylene terephthalate (PETE),
polypropylene (PP) and polycarbonate (PC) in order to evaluate its concentration in the
contents. Optimization and validation of a method based on a solid phase extraction (SPE)
methodology coupled with gas chromatography tandem mass spectrometry was used to
analyze water samples. For derivatization the 2,2,2-trifluoro-N-methyl-
N(trimethylsilyl)acetamide (MSTFA) was used [3]. Matrix-induced chromatographic response
enhancement was avoided by wusing matrix-standard calibration solutions and
heteroscedasticity has been overtaken by a weighted least squares linear regression model
application [4]. Deuterated bisphenol A was used as a quality control internal standard, for
process evaluation through recovery studies, being added in a constant amount to all analysis
prior to extraction. High temperatures, as microwave heating and exposure to boiling water, as
well as sequences of washing and rinsing were also tested. Concluded, BPA can be released
in small amounts to into water stored in different plastic containers, including baby bottles,
after simulated normal use.

[1]1 U. S. Food and Drug Administration (FDA) (2010). "Update on Bisphenol A for Use in Food
Contact Applications." from
http://www.fda.gov/Food/FoodIngredientsPackaging/ucm166145.htm, acessed in 27-05-2011.
[2] European Food Safety Authority (EFSA). "Bisphenol A - Food Contact Materials." from
http://www.efsa.europa.eu/en/topics/topic/bisphenol.htm acessed in 26-05-2011.

[3] Quintana, J. B., J. Carpinteiro, et al. (2004). "Determination of natural and synthetic
estrogens in water by gas chromatography with mass spectrometric detection." Journal of
Chromatography A 1024(1-2): 177-185.

[4] Mansilha, C., A. Melo, et al. (2010). "Quantification of endocrine disruptors and pesticides
in water by gas chromatography-tandem mass spectrometry. Method validation using
weighted linear regression schemes." Journal of Chromatography A 1217(43): 6681-6691.
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Riboflavin (vitamin B>) is an essential constituent of all living cells, and is one of the
most widely distributed water-soluble vitamins. The most important and common
dietary sources of riboflavin are milk and milk products. In cow milk, at least 90% of
the riboflavin is in the free form, but in most other sources, it occurs bound to
proteins.

The aim of this paper was estimation of riboflavin content in commercial cow milk
from our market. Pasteurized and UHT milk samples of most representative
producers in Serbia with different fat content (0.5-2.8%) were collected from local
stores. The milk samples were treated with perchloric acid (12%,v/v), mixed and
allowed to stand for 15 min at room temperature protected from light. After proteins
precipitation and centrifugation, 2M K>CO3 in 6M KOH was added to supernatant to
adjust the pH value of the sample to 5.0. Then, the formed insoluble perchlorate
was removed by centrifugation. An aliquot of supernatant was filtered through 0.45
pm syringe filter before HPLC analysis.

Chromatographic determination of riboflavin was achieved at 30°C using RESTEK
Ultra IBD C18 column with mobile phase consisted of 36.0% methanol and 64.0%
0.005M NHsAc solution (pH 5.0) and fluorescence detection (Aex=440 nm, Aem=520
nm). The flow rate was kept at 1.2 ml/min and 10 pl of the sample was injected.

The method was validated by means of following parameters: linear range (0.2-5.0
pg/ml), linearity (r=0.9994), detection and quantification limits (0.099 pg/ml and
0.330 pg/ml, respectively). The riboflavin contents of the milk samples were
obtained by interpolation of the standard calibration curve.

According to other authors, average riboflavin content in cow milk is 1.70 ug/ml.
Analyzed UHT milk samples had slightly higher amounts of riboflavin (1.68-1.92
pg/ml) than pasteurized milk (1.30-1.71 pg/ml), and these concentrations are in
agreement with values found in other literature. During prolonged heating in
pasteurization, sensitive components of milk such as water-soluble vitamins, may
be altered or destroyed. Due to the short processing time of the high temperature
treatment, there is less vitamin loss and greater nutrient retention in UHT milk
compared to pasteurized milk.
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The qualitative and quantitative analysis of the content of nutritional supplements
and alternative medicinal therapies is becoming more important and regulation by
the FDA is imminent. High resolution mass spectrometry provides a rapid, selective
and useful mechanism of QC of extracts and finished dosage forms, producing a
minable, comprehensive data set. In this application, extracts and various
supplement dosage forms are introduced via direct infusion or UHPLC separation
and analyzed by mass spectrometry (MS). Ultrahigh resolution MS was performed
using a multi-reflecting time-of-flight MS (MR-TOFMS). Selected resolving powers
and acquisition rates >100 spectra/s provided rich information sets for
discrimination of various sources, quality and potential adulterants present in the
extracts and the dosage forms. The analyses provided chemical fingerprints which
are qualitatively and quantitatively distinct. The utility of these resolving powers and
acquisition speeds for facile determination of elemental composition and resultant
unknown identification is demonstrated. The utility of in source CID (isCID) to
provide supplemental structural information is also presented. Comparisons of the
effect of different resolving powers and acquisition speeds on the details of
metabolite fingerprints are provided.
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The goal of this research is the quantitative and qualitative analysis of cholesterol
oxidation products (COPs) in Cypriot meat products by the use of high performance
liquid chromatography (HPLC). Cholesterol as an unsaturated alcohol is susceptible
to oxidation in the presence of light, oxygen, and high temperatures, and it can
generate numerous oxidation products commonly known as COPs. Several of
COPs have been shown to possess undesirable biological effects such as
atherogenicity, cytotoxicity, mutagenicity, carcinogenicity and changes in cellular
membrane properties. COPs were detected in several foods of animal origin,
including meat, eggs and dairy products. Therefore, nutritionists, as well as food
scientists are interested in detecting sources of COPs and quantifying them
accurately. These compounds are usually analyzed by gas chromatography (GC) or
GC coupled to MS (GC-MS). GC, although efficient, can produce artifacts from
thermal degradation of cholesterol and its oxides. It requires derivatization, making
recovery very difficult. As a consequence of the limitations of GC, HPLC has
become an alternative method, mainly because the analyses are carried out at
ambient temperature. For the separation of six COPs (20a-hydroxycholesterol, 7-
ketocholesterol, 22R-hydroxycholesterol, 25-hydroxycholesterol, 7B-
hydroxycholesterol, 4-cholesten-3-one) and cholesterol optimal conditions were
established by varying several parameters, such as the composition of the mobile
phase, the flow rate, the injection size and the column temperature. The optimal
separation conditions were then used for the identification and the quantitation of
COPs in Cypriot meat products using different sample preparation procedures.
Different sample pre-treatment methods were compared in order to determine the
one that is the most effective, in regards to analyte recovery, time, difficulty and
reproducibility.
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Phenolic compounds are part of the minority fraction of compounds in olive olil,
which constitutes approximately 2 % by weight of total. The interest in the study and
analysis of these compounds is related with the fact that they act as natural
antioxidants and may contribute to the prevention of human disease. Quercetin (Q),
tyrosol (TY), hydroxytyrosol (HYTY), oleuropein (Ol), vanillic acid (VAN), gentisic
acid (GEN), cinamic acid (CIN), o-coumaric acid (o-CUM) and caffeic acid (CAF)
have been chosen as a representative group of it. In this communication the
necessary studies to resolve these phenolic compounds by non-aqueous capillary
electrophoresis (NACE) with UV-visible and Fluorescence detection are presented.
The injection time, temperature analysis and BGE composition were optimized
using a Box-Behnken design by the Response Surface Methodology (RSM) using
olive samples spiked with the interest compounds. The best separation of these
compounds was achieved using a BGE containing 18 mM KOH, 25 mM boric acid
in a 1-propanol:methanol mixture (74:26 v:v), 6 s of injection time at -30 mbar, 35 °
C and a separation voltage of 20 kV. In these conditions, the EOF velocity is very
small and the analytes, which are anions, move against it and are detected in the
anode. 220 nm, 254 nm, 280 nm and 400 nm were UV-visible wavelengths selected
to carry out the photometric detection and 297/320 nm the fluorescence
wavelengths (Aem/Aexc). Finally, identification was carried out and the analytical
figures of merit were obtained under optimal conditions.
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The use of NACE technique to carry out the analysis of organic samples (as olive
oil) presents, among others, the advantage of reduce the pretreatment sample
stages. With this purpose, a simple and rapid method to determine some phenolic
compounds in extra virgin olive oil samples have been developed. The analysis was
performed using hydrodynamic injection (6 s at -30 mbar), 35° C capillary
temperature, 20 kV of separation voltage and a BGE containing 18 mM KOH, 25
mM boric acid in a 1-propanol:methanol mixture (74:26 v:v). To quantification the
phenolic compounds which are present in higher concentrations in olive oil, such as
tyrosol (TY) and hydroxytyrosol (HYTY), direct injection of olive oil samples diluted
1:1 with 1-propanol was carried out. In the case of compounds in minor
concentrations a pre-concentration stage is necessary. Different extract solvents
and phase relations were tested and, finally, an extraction of 5 g of extra virgin olive
oil with 1 mL of ethanol was selected and the ethanolic extract phase was directly
injected in the capillary. The peak identification was carried out using the migration
time and by comparing the apex spectra of pure analytes with those peaks in the
mixture. This procedure was applied to the analysis of phenolic compounds in extra
virgin olive oil from different Spanish olive varieties (cornicabra, picual, arbequina,
hajiblanca, manzanilla cacerefia and morisca) in order to characterize them and
quantify some of the phenols, therefore being able to differentiate the oils
depending on the olive variety.
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The current research study is dedicated towards the development and validation of
a novel sensitive, fast and accurate approach for the simultaneous determination of
bioactive metabolites in wines. The new approach offers decreased sample
preparation and analysis time as compared to traditional methodologies. This
approach was based on a miniaturized extraction technique, the microextraction by
packed sorbent (MEPS), combined with ultra-high performance liquid
chromatography (UPLC) equipped with a PDA detector. Important factors affecting
the performance of MEPS such as the type of sorbent material (C2, C8, C18, Sil,
and M1), number of extraction cycles (extract-discard), and sample volume, were
studied. The optimal conditions of MEPS extraction were obtained using C8 sorbent
and small sample volumes in one extraction cycle and in a short time period. The
wine bioactive metabolites were eluted using 250 L of the mixture containing 95%
methanol and 5% water, and the separation was carried out on a HSS T3 column
(100 mm x 2.1 mm, 1.7 um particle size) using a binary mobile phase composed of
aqueous 0.1% formic acid (eluent A) and methanol (eluent B) in the gradient elution
mode (10 min of total analysis).

The method validated in terms of selectivity, linearity, limit of detection (LOD), limit
of quantification (LOQ), extraction yield, accuracy and inter- and intra-day precision,
gives satisfactory results in terms of linearity ( r‘2 values > 0.996) W|th|n the
established concentration range The LOD varied from 0.14 to 5.95 ng mL™ and the
LOQ from 0.48 to 19.8 ng mL™". The extraction yields of the MEPScs/UPLC-PDA
methodology was between 87.4 % (syringic acid) and 100 % (gentisic acid and (-)-
epicatechin). The inter-day precision (n=3 days), expressed as the relative standard
deviation (RSD%), varied between 0.4 % (kaempferol) and 8.3 % (gentisic acid)
while the intra-day precision between 0.2% ((-)-catechin) and 10.3 % (gentisic acid).
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Cereal grains comprise nowadays one of the most consumed foods worldwide
because of their global importance in the diet associated with their role as energy
source and with their high content in essential fatty acids, nutritious proteins and
dietary fiber. Such extent necessity of cereals and derivatives to feed the ever
growing population of the world requires efforts to improve and maximize production
yields for which pesticide usage has become an important practice.

In this work a group of fifteen pesticides including some of their metabolites
(disulfoton sulfoxide, ethoprophos, cadusafos, dimethoate, terbufos, disulfoton,
chlorpyrifos-methyl, malaoxon, fenitrothion, pirimiphos-methyl,  malathion,
chlorpyrifos, terbufos sulfone, disulfoton sulfone and fensulfothion) has been
analyzed in wheat and maize gofio, which is a roasted flour widely consumed in the
Canary Islands and in different countries around the world, as well as in wheat flour
and baby cereals. The QUEChERS (Quick, Easy, Cheap, Effective, Rugged and
Safe) methodology was studied and its dispersive solid-phase extraction procedure
was optimized in depth by means of an experimental design with the aim of
reducing the amount of coextracted lipids and obtaining a clean extract. Gas
chromatography with nitrogen phosphorus detection was used as separation and
detection techniques, respectively. The studied method was validated in terms of
selectivity, recoveries, calibration, precision and accuracy as well as in terms of
matrix effects. Limits of detection achieved were between 0.07 and 34.8 ug/kg with
recovery values in the range 71-110% (relative standard deviation values were
below 9%). A total of 40 samples of different origin were analyzed. Residues of
pirimiphos-methyl were found in six of them at concentrations in the range 0.08-
0.47 mg/kg, below maximum residue levels established for this pesticide in cereal
grains. Tandem mass spectrometry confirmation was also carried out in order to
unequivocally identify the presence of this pesticide.
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Near infrared spectroscopy (NIRS) is an accurate and fast technique that can be
employed as a replacement for time-consuming methods.

The aim of this study was to evaluate the potential of NIRS technology to determine
total carbon, total nitrogen and 5'3C in Chilean wheat.

Seventy-eight samples of wheat were collected from three Chilean geographic
zones: 18, 33 and 27 samples from VII Region, VIl Region and IX Region
respectively. Samples were milled and their corresponding flours were used for the
NIRS analysis. Fifty-five samples were allocated into the calibration set and the
remaining 23 samples into the validation set. Calibration was performed by modified
partial least squares regression (MPLS) using the spectral data and the
corresgonding reference values for the determination of total carbon, total nitrogen
and 5"C in wheat flour samples.

The obtained models presented multiple correlation coefficients (RSQ) and
corrected standard error of cross-validation (SECV) of 0.84 and 0.20% for total
carbon; 0.99 and 0.02% for total nitrogen; 0.71 and 0.76 % for 5'°C.

The robustness of the method was checked applying NIRS technology models to
the 23 samples that did not belong to the calibration group. The relative differences
between the reference methods and the NIRS technique in the external validation
were 0.5% for total carbon, 1.3% for total nitrogen and 2.5% for 5"3C.

The aforementioned models allow the determination of these parameters in Chilean
wheat in the following ranges: total carbon 40.0 to 42.4%; total nitrogen: 0.7 to 2.8%
and 5'°C:-23.4 to -28.5 %o.
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About 250000 hectares of wheat (Triticum aestivum L.) are cultivated in Chile and
around 88% correspond to the Maule (VII Region), the Bio Bio (VIIl Region) and the
La Araucania (IX Region) regions. The need for a system of accreditation of wheat
quality in the national Chilean milling sector involves the use of quality parameters
such as wet gluten (Chilean Norm NCh1237-2000), which is already the most usual
parameter in wheat commercial transactions.This requires having rapid methods of
analysis available with minimal or no sample preparation.

Near Infrared Spectroscopy (NIRS) provides fast, accurate, direct and non-
destructive analysis reducing costs compared to wet chemical analysis and without
generating waste. Therefore, this technique coupled with chemometric tools could
provide an alternative method to undertake the analysis of wet gluten in Chilean
wheat.

Two hundred and forty nine samples of wheat (2 different showing seasons and 14
varieties) were collected from the three aforementioned geographic zones. Samples
were milled and their corresponding flours were used for the NIRS analysis. One
hundred and ninety nine samples were allocated into the calibration set and the
remaining 50 samples into the validation set. Calibration was performed by modified
partial least squares regression (MPLS) using the spectral data and the wet gluten
reference values (Norm ICC 137/1).

The robustness of the method was checked applying NIRS technology model to the
50 samples that did not belong to the calibration group. The relative difference
between the wet gluten reference method and the NIRS technique in the external
validation was 9.9%.

The results of this work show that the model developed using NIRS technology
together with chemometric tools allows the wet gluten to be determined in Chilean
wheat.
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Pesticides, including mainly herbicides, fungicides and insecticides, are widely used
for crop production of fruits, vegetable and cereals, either before or after harvesting.
Since the last decades, many monitoring campaigns have pointed out the presence
of pesticide residues in raw or processed products, which is now considered as a
major issue in food safety. For that reason, and despite their evident efficiency in
protecting crops, the use of pesticides is now becoming widely unpopular, which
leads to a growing interest of customers for organic products. Nevertheless, as a
number of external sources may cause cross-contamination, even organic raw or
processed food products may contain pesticides residues, generally at a lower level
than non-organic food.

The analysis of pesticide residues in food items is highly demanding, due to the
very low detection limits required and to the wide range of potential contaminants.
This study describes the development of a multi-residue analytical protocol for the
quantification of various classes of pesticides, with the aim of detecting potential
traces of pesticides in conventional and organic food products. To assess the
robustness of the methods, five different food matrices were investigated, namely
apple, tomato, lettuce, wheat flour and honey.

The proposed method combines a generic extraction procedure using dispersive
solid-phase extraction with highly sensitive analytical techniques based on
chromatography and triple-quadrupole mass spectrometry, namely GC-MS/MS and
LC-MS/MS. On the whole, nearly 40 molecules, including triazine herbicides,
strobilurin fungicides and chlorinated insecticides, among others, can be quantified
at the low ng/g level. The first results obtained on selected food products showed
the presence of trace amounts of fungicides. As expected, despite the fact that
organic products are sometimes contaminated with pesticides, the contamination
level is significantly lower than in conventional food.
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Fatty acids may be found in scarce amounts in free form in plant but, in general
they are combined in more complex molecules through ester bonds. The analysis of
total fatty acids from biological materials is a complex task and precautions should
be taken at all times to prevent or minimize the effects of degradation/oxidation by
long time manipulation of samples. A one-step extraction and derivatization method
has been proposed, essentially based on a dispersive solid-liquid/liquid
microextraction and transmethylation with BFs/methanol as derivatization reagent
followed by GC MS analysis. Briefly, 2.5 mL of boron trifluoride—-methanol reagent
were added to weighed amounts of sample (0.5 grams) in a 20 mL centrifuge tube
provided with a Teflon-lined screw cap under the nitrogen. The tube was closed,
heated at 70 °C for 30 min (ultrasound bad) and cooled. 1 mL of a NaCl saturated
aqueous solution and 2.5 mL of n-hexane were added. The mixture was vigorously
shaken and phase separation was achieved by centrifugation. 1.5 mL of clear
supernatant was transferred into an autosampler vial for GC MS analysis. This
simple and fast method using small amount samples, BFs/metanol as derivatization
reagent and hexane as FAMEs extractor reagent was applied with great accuracy
and sensitivity for the determination of free or combined fatty acids (C14-C22,
saturated and unsaturated) in different plant matrix.
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POTENTIAL OF NEAR INFRARED SPECTROSCOPY FOR THE ANALYSIS OF
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Cereal products are among the most important staple foods of mankind. Nutrients
provided by bread consumption in industrial countries are close to 50% of the daily
requirements of carbohydrates, one third of proteins and 50-60% of vitamin B.
Moreover, cereal products are also a source of minerals and trace elements.

The aim of this study was to evaluate the potential of near infrared spectroscopy
(NIRS) technology to determine the main mineral composition (Ca, K, P and Mg) in
Chilean wheat.

One hundred and fourteen samples of Chilean wheat (different showing seasons
and varieties) were collected from two different geographic zones of Chile. Samples
were milled and their corresponding flours were also used for the NIRS analysis.
Samples were allocated into the calibration or validation sets by a principal
components analysis (PCA)-Mahalanobis distance method using the spectral data
of intact wheat or wheat flour. Calibrations were performed by modified partial least
squares regression (MPLS) using the spectral data and the main mineral
composition obtained by ICP-optic as reference values.

The robustness of the method was checked applying NIRS technology models to
the remaining samples which had not been allocated in the calibration groups. The
differences between the ICP-optic values and the NIRS technique in the external
validation ranged from 10 to 18% for intact wheat and from 10 to 13% for wheat
flour. The best results were generally obtained using wheat flour, as expected.

The results of this work show that the models developed using NIRS technology
together with chemometric tools allows the main mineral composition (Ca, K, P and
Mg) to be determined in Chilean intact wheat or wheat flour.
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EXPLORATORY DATA ANALYSIS APPLIED TO SENSORY AND PHENOLIC
COMPOSITION OF GRACIANO GRAPE SKINS. UNDERSTANDING THEIR
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The aim of this work was to evaluate sensory changes in Vitis vinifera L. cv.
Graciano skins during ripening and to obtain a correlation with their phenolic
composition. Flavan-3-ols (monomers and dimers), prodelfinidins, hidroxibenzoic
acids, hidroxicinamic acids, anthocyanins and flavonols were determined by HPLC-
DAD-MS. In addition, skin dilaceration, tannic intensity, astringency, acidity, aroma
intensity and type of aroma were evaluated. Multivariate analysis showed the
evolution of these samples throughout ripening and the relationship among sensory
scores and phenolic composition of grapes skins. Skin dilaceration, type of aroma
and to a lesser extent aroma intensity tend to increase throughout ripening.
Phenolic compounds in grape skins present a similar pattern. Nevertheless, tannic
intensity, astringency, dryness and acidity present an opposite pattern which
indicates a decrease of these sensory scores throughout ripening.

The relationship between some studied sensory parameters and phenolic
compounds may be indirect and can not be easily described by their phenolic
composition. Therefore, a wide study could be useful in order to explain the
variation in the aforementioned sensory attributes taking into account not only the
phenolic composition but also volatile composition, etc.
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DETERMINATION OF QUINOLONE RESIDUES IN INFANT AND YOUNG
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SPECTROMETRY

A. V. Herrera-Herrera1, J. Hernéndez—Borges1, M.A. Rodriguez-DeIgado1,
M. Herreroz, A. Cifuentes?®

1Department of Analytical Chemistry, Nutrition and Food Science, University of La
Laguna (ULL), s/n. La Laguna (Tenerife), Spain
2Institute of Food Science Research (CIAL), CSIC, Campus Cantoblanco, Madrid,
Spain

E-mail: avherrer@ull.es

During the last decade, special concern has arisen in the food safety field on infant
foods. The wide variety of infant food products nowadays available, as well as the
high number of target analytes to be analyzed, demands the development of ultra-
fast analytical techniques able to provide results in a short time with extremely low
detection limits. In this sense, ultra-performance liquid chromatography (UPLC)
usually provides lower analysis time and higher efficiency and sensitivity compared
to conventional HPLC.

This work describes a method based on solid-phase extraction (SPE) and UPLC-
MS/MS for the simultaneous determination of three quinolones (pipemidic acid,
oxolinic acid and flumequine) and twelve fluoroquinolones (marbofloxacin,
fleroxacin, pefloxacin, levofloxacin, norfloxacin, ciprofloxacin, enrofloxacin,
danofloxacin, lomefloxacin, difloxacin, sarafloxacin, and moxifloxacin) in different
infant and young children powdered milks. Quinolones constitute an important
family of antibiotics with a broad spectrum activity which are widespread used
worldwide. After suitable deproteination of the reconstituted powdered samples, a
SPE procedure was developed providing recovery values higher than 84% (RSDs
lower than 13%) for all the analytes, with limits of detection between 0.04 and 0.52
Mg/kg. UPLC-MS/MS analyses were carried out in less than 10 minutes. Sixteen
infant and young children powdered milk samples of different origin, type and
composition bought at Spanish markets were analyzed. Residues of the selected
antibiotics were not detected in any of the selected samples.
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The development of ¥P MAS and HR MAS NMR resulted in application of these techniques
for speciation analysis of polyphosphates in different matrices.

Due to the extensive food additives applications, such as polyphosphates (NazP3;09, NasP30+,
NayH,P,07, NasP,07,) in food industry, new analytical methods of phosphates speciation
analysis are worth study. The NMR technique seems to be one of the most appropriate in
determination of phosphates anionic forms. New methods of polyphosphates determination in
meat products were elaborated by using the external reference standard MDPA
(Methylenediphosphonic Acid) and internal standard HMPA (Hexamethylphosphoramide)
procedure“'z. High recoveries (in the range of 95 - 99%), accuracy and precision (RSD<5%)
parameters were confirmed on standard solutions and applied in meat products (tinned pork
foods, luncheon pork meat, smoked pork ham). The polyphosphates were determined with
reduced analysis time in relation to official methods PN-ISO 13730, 1999 (spectrophotometric
vanadate-molybdate method). However, much more improved NMR method, without the
special procedure of sample preparation, based on MAS and HR MAS *P NMR
measurements was studied and results are presented at figures (vide infra).

MDPA P304 HMPA
\ \
HMPA
PO4 P,0

/ f ,

PO, \ v /
‘ . I\ . /\ ‘\

J J et Necerere st Wi e
3P NMR spectrum of meat extract with NagP;0g MAS *'P NMR spectrum of laboratory sample with K,P,0;

High recovery level (95-99%) for all NMR methods and the possibility of different phosphate
ions determination in single analytical run suggest application of this method in analysis of
meat products. Described NMR methods can be used for control of the added phosphates
level during production process and in food quality assessment.
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NEW ELECTROLYTE SYSTEM FOR ISOTACHOPHORETIC DETERMINATION
OF SELECTED BIOGENIC AMINES IN MEAT SAMPLES
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Capillary isotachophoresis (ITP) has been studied recently as a new approach to
food analysis. The reason for the increased acceptance of this method is short
analytical time, uncomplicated and economical with reduced to minimum the
sample pretreatment procedure and small sample requirements.

In the presented work selective and sensitive ITP method with conductometric
detection in which selected biogenic amines were determined after simple sample
preparation was described. The level of cadaverine, putrescine, spermine and
spermidine in meat samples (beef, pork and poultry) was determined. The meat
samples were purchased from local markets.

We proposed new electrolyte system consisting of leading electrolyte (LE): 5 mM
Ba(OH). with 1% hydroxyethylcellulose (HEC) and 15 mM valine to pH =9 and 0.02
M histamine as terminating electrolyte (TE) for determination of selected biogenic
amines in meat samples. The food samples were extracted with trichloroacetic acid
(TCA) (3%) using an orbital shaker for 30 min. The extracts were separated using
centrifuge at 9000 rpm for 30 min, followed by double filtration. All extracts were
transferred into 50 mL volumetric flasks, made up to the mark and analysed with
ITP.

The cadaverine, putrescine, spermine and spermidine were identified using the
relative step height (RSH) parameter. Precision was evaluated as the within-day
and between-days coefficient of variation (CV) and obtained results (CV < 5%) were
satisfactory. Furthermore, proposed method characterised satisfactory accuracy —
obtained recovery ranged from 95% to 99%.

The proposed method permitted on selective, sensitive and reproducible
determination of biogenic amines after simple sample preparation method
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CHANGES IN SELECTED BIOGENIC AMINES IN MEAT SAMPLES DURING
STORAGE LIFE
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Biogenic amines occurrence in food, especially in fish, cheese and meat products,
varies by a great extent depending on technological processes and microbial
factors. In fact their formation mainly depends on the actions of microbial
decarboxylases and in a minor role on the endogenous amino acid decarboxylase
activities.

In this work we applied capillary isotachophoretic method (ITP) for determination of
biogenic amines (histamine, tyramine, cadaverine, putrescine, spermine and
spermidine) in food samples after simple sample preparation. The meat samples
(different kind of beef, pork and poultry) were purchased from local slaughterhouse.
The meat samples were homogenized and storage in refrigerator by 5 days
(temperature about 4°C). The samples were determined every day. Sample
preparation included extraction with 3% trichloroacetic acid (TCA) (30 min),
separation with centrifuge at 9000 rpm for 30 min and double filtration.

The used method permitted on simple and accurate determination of tested amines
without derivatization stage. Analysis of biogenic amines were performed with
electrolyte system: leading electrolyte (LE): 5 mM Ba(OH), with 1%
hydroxyethylcellulose (HEC) and 15 mM valine to pH =9 and 0.02 M
tris(hydroxymethyl)aminomethane (TRIS) with 1 M HCI to pH = 8.3.

According to our results, spermine and spermidine appear to be the natural amines
in beef, pork and poultry meat, while amount of tyramine, histamine, putrescine and
cadaverine increased during the storage. It should be noted, that contents of
selected amines were dependent on kind of meat and the highest total content of all
detected amines was observed for pork meat.
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INFRARED SPECTROSCOPY FOR THE DETERMINATINO OF POLYMERIZED
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The first part of the study deals with the determination of polymerized
triacylglycerides (PTGs) generated during thermal treatment of oil. Spectral
changes observed in the attenuated total reflectance — Fourier transform infrared
(ATR-FTIR) spectra of heated olive oil samples could be correlated with the PTG
content in oil samples by partial least squares (PLS) regression. To optimize the
PLS results, three different approaches for selection of the spectral regions used to
build the PLS model were tested and compared: (i) variable selection based on
expert knowledge, (ii) uninformative variable elimination PLS (UVE-PLS) and (iii)
interval PLS (iPLS). The PLS model provided excellent performance (R® = 0.991)
and low calibration, cross validation and prediction errors of 1.14, 1.21 and 1.40%
w/w, respectively. Moreover it could be verified that the determination of PTGs was
not influenced by the type of foodstuff fried in the olive oil.

In a second study, different types of vegetable oil (olive, sunflower and corn oil)
were investigated to extend the range of applications of the developed method. The
use of a one-class-classifier Partial Least Squares — Discriminant Analysis (PLS-
DA) and a rooted binary directed acyclic graph (DAG) tree provided accurate oil
classification for vegetable oils fried without foodstuff. Class separation was less
evident for samples fried with foodstuff. The combined use of permutation testing
with double cross model validation was employed to validate the obtained PLS-DA
classification models confirming the results. After class separation, the PTG content
was determined calculating PLS models based on the previously selected classes.
Root-mean-square-error-of-prediction (RMSEP) could be significantly improved
using PLS models based on the selected calibration sets using PLS-DA, ranging
between 1.06 and 2.91% w/w.

The presented approach could be a useful tool for quality control of oil samples as it
is suitable for cheap high-throughput analysis and provides accurate and precise
results.
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Figure 1. Schematic view of the process of oil classification and PTG determination.
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A method for the determination of polyphosphates (di-tri —and higher polyphosphates), in
food product by ion chromatography (IC) was developed. The polyphosphates was
extracted with deionized water and then filtered twice. The separation was carried out on
an lonPac AS16 analytical column (250 mm x 4 mm) and an lonPac AS 16 guard column
(50 mm x 4 mm) using 30 - 80 mmol/L NaOH gradient elution at a flow rate of 1.0 mL/min
at 30 degrees C, coupled with an ASRS (Anion Self Regenerating Suppression) and a
conductivity detector. Under optimum conditions, the measurement could be completed
within 40 min. Standard of ortho-phosphate, pyrosphate, trimetaphosphate, and
triphosphate were used to calibrate the method. The method was applied to the
determination of anions in meat and dairy product with good recoveries. The method
offered high selectivity, sensitivity, and gave a satisfactory results for real sample
analysis. The proposed method will be thoroughly validated in terms of linearity, LODs,
LOQs precision and accuracy (recoveries) repeatability (by the analysis of six replicate)
and reproducibility (by the analysis of twelve replication performed by two operators).
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Melamine (MEL) is a nitrogen-rich compound used for the manufacture of plastic
and resins, which is illegally added to various food products to increase the
apparent protein content. A liquid chromatographic method with diode array
detection coupled to atmospheric pressure chemical ionization mass spectrometry
(LC-APCI-MS) is proposed for the determination of MEL and structurally related
compounds, including ammeline (AML), ammelide (AMD) and cyanuric acid (CA).
The procedure is based on the direct analysis by ion-exchange LC using isocratic
elution with a mobile phase of 10 mM ammonium acetate (pH 6.5) at 0.5 mL min™".
The LC was hyphenated with two different detection systems, photodiode-array
(DAD) and APCI-MS in positive mode for MEL and AMN and in negative mode for
AMD and CA. The opposite polarities required necessitate the use of two different
runs to improve sensitivity. The elution order was: CA (2.3 min, ion 128), AMD (2.5
min, 127), AMN (3.5 min, 128) and MEL (6.8 min, 127). The method using LC-DAD
was less selective requiring intensive validation to ensure that there are no
interferences. Samples were extracted by homogenization with a 5/4/1
acetonitrile/water/diethylamine mixture. The method was validated for linearity,
detection and quantification limits, selectivity, accuracy and precision. Specificity
was demonstrated by the retention characteristics and UV and MS spectra, by
comparing with commercial standards. The recoveries obtained for spiked samples
were satisfactory for all the analytes. Matrix effects have been studied in the
different type of samples analyzed to evaluate the signal suppression and
calibration must be carried out by the standard additions method. The proposed
procedure was successfully applied to the analysis of different baby foods, as infant
formula (starting, follow-on and prebiotic follow-on) and breakfast cereal
(multicereals with honey), and other samples of rice flour, glutinous rice flour, potato
starch, soya and coconut drinks. The analytes were not detected in any of the
samples above the detection limits, confirming that non-proteinaceous sources of
nitrogen have not been added to foods.

The authors acknowledge to Comunidad Auténoma de la Regién de Murcia (Project
15217/P1/10) for financial support. G. Férez also acknowledges to CARM for a
research contract.
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In the last years enzymatically active proteins, so called silicateins, were studied and
identified, which form the axial filaments of the spicules of the siliceous sponges, consisting of
amorphous silica and are able to catalyze the poly-condensation and deposition of silica under
mild conditions (low temperature, physiological pH)!"?. Silicateins can be expressed in E. coli.
The resulting recombinant proteins are able to catalyze the formation of polysilicate nanoshell
around the cells. The advantage of silica-encapsulation could be the easier handling of
bacteria and an increase in their chemical and mechanical stability(3). The encapsulation of
bacteria makes possible the preparation of novel bioreactors and biosensors by attaching
them to sensor chips of Optical Waveguide Lightmode Spectroscopy” (OWLS). High
specificity/selectivity of the SiO. surface sensitized by bacteria coupled with high sensitivity of
OWLS detection gives the possibility to develop sensors with in most cases definitely lower
detection limit than traditionally used assays.

The surface modification of SiO,-type chips by using silicatein and the immobilization process
of the silica-encapsulated E. coli cells were studied and demonstrated. After optimization of
the immobilization process (buffer concentration, pH, temperature, reaction time, etc.) the
biological properties, e.g. inhibitory effect of stressors/environmental pollutants on the
biosilica-encapsulated biosensors were investigated in real time and compared to the
traditional methods.

The effect of oxidative stress was studied by exposing the sensors with modified E. coli cells
to different concentrations of hydrogen peroxide. The effect of different antibiotics was tested
by chloramphenicol (CAP) being effective against a wide variety of Gram-positive and Gram-
negative bacteria by inhibiting bacterial protein synthesis and by penicillin G destroying their
cell wall. After the treatment with penicillin G spheroplasts are only present causing the cell to
lose control over its shape, so even if the original bacterium were rod-shaped, the
sphereoplast is generally spherical. This effect could be probably followed with the novel
bacterial sensor. The inhibition by carbofuran (CF) was also tested; CF is one of the most toxic
carbamate pesticides which inhibit cholinesterase enzymes. When different concentrations of
stressors were used, the inhibiting effect could be in each case observed, and the signals can
be distinguish according the increasing concentration of them.

(1) Krasko et al. (2000) Eur. J. Biochem. 267, 4878

(2) Mller et al. (2009) Appl. Microbiol. Biotechnol. 83, 397
(3) Mdiller et al. (2008). Biomaterials 29: 771-779

(4) Voros et al. (2002) Biomaterials 23, 3699-3710
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Due to environmental considerations there is an increasing demand of simple techniques for
the analysis of heavy metals in water, industrial wastes, landfills and other sources of pollution
capable to degrade close ground water. The toxicity of heavy metals is attributed to harmful or
even lethal effects on the human body, particularly on the central nervous system, causing
mental disorders. For this reason, it is necessary the development of cheap and rapid
analytical toxicity tests that can provide rapid information about the toxicity impact of an
effluent. A recent trend to obviate the difficulties of obtaining single analyte sensors based on
specific receptors — problems of selectivity — is to combine non-specific sensors in an array
that produces a set of analytical signals (electronic tongue for gaseous species/electronic
nose for species in solution). This information together with higher dimensionality and encoded
in the overlapping measurements, can be processed in order to extract qualitative and
quantitative information through advanced mathematical procedures of pattern recognition
and/or multivariate analysis, improving in this way the performance of the sensors [1]. Most
different optical approaches used for tongues are based on the measurement of the colour
using different colour spaces obtained from the image captured mainly by imaging devices,
like CCD cameras or scanners. So far, the most commonly used space is RGB, whose
coordinates are used for processing with multivariate techniques. However, in the present
work, we used the HSV colour space, whose main characteristic is that it represents the useful
information of the colour in one single parameter, the coordinate H (hue) [2]. We approached
the analysis of heavy metals using the concept of an optical tongue using an array of
membranes placed on a transparent support that contains immobilized conventional
chromogenic reagents. Their usual drawback, i.e. their lack of selectivity, here is used as the
source of non-selective information about the contained metals, considering their usual good
sensitivity. Diverse chromogenic reagents for heavy metals were tested for immobilization
using different strategies such as ion-exchange, adsorption, and entrapment using as criteria
for selecting the no leaching conditions, the change in tonal colour coordinate by reaction and
non-selective behavior. The array of sensing membranes prepared on a plastic support,
allowed us to obtain the hue component of the HSV colour space using imaging techniques
(scanner, CCD camera) of each one in order to determinate the concentration of metals using
multicomponent analysis.

References
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A portable measurement system for accurate full-range pH determination (0-14) has been developed using
a disposable sensor array. The system is based on the measurement of colour changes of an optical
multimembrane pH sensor based on 11 sensing elements with immobilized pH indicators. In previous work,
the same acid-base indicators were individually characterized by means of spectrophotometry and
scannometry*. Now, we have used a portable instrument®. In the last to cases, imaging techniques have
been used to acquire the tonal information (H coordinate) of the HSV colour space.
The different pH membranes were selected according to the conditions of no leaching, changing in the tonal
colour coordinate by reaction and covering the full pH range by overlapping between the responses. The
membranes were prepared by coating technique from THF solutions containing different types and amounts
of acid-base indicator, membrane polymer, plasticizer, humectant, if necessary, and lipophilic salt.
The instrument is compounded by an organic light-emitting diodes display acting as programmable light
source and twelve digital colour sensors S9706 aligned with the sensor array. The emitted light by the
) display, which is configured to be similar to
D65 illuminant, illuminates the
OLED multimembrane pH sensor (4x3 positions)
display and the transmitted light reaches the colour
sensors (Figure 1). The instrument also
counts with an integrated EEPROM memory,
which allows to store measurements, and a
Colour keypad, for measurement configuration.
detectors Finally, the results obtained are displayed in a
LCD screen or can be transmitted to a
computer via USB port. The array response
was evaluated each 0.1 pH units. After
measurement, the HSV coordinates were
calculated from RGB acquired by digital
colour sensors of the instrument.
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The results obtained with the portable instrument are
very similar to that obtained using imaging techniques
to acquire the tonal information or absorbance
measurements (Figure 2). The pH of food, clinical,
personal care and cleaning samples has been
determinated, such as orange, tangerine, tomato or
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etc. validating results against a pH-meter. Figure 2. Comparison between different membranes using

different devices
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