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Wine analysis, from basic control to the sensory valorisation of wine :  historical 
aspects, highlights and perspectives 

Philippe Darriet, Professor, Unité de recherche Œnologie EA 4577, USC 1366 INRA, 
Institut des Sciences de la Vigne et du Vin, Université de Bordeaux, 210 chemin de 
Leysotte, CS 50008, 33882 Villenave d’Ornon cedex, FRANCE 

At all times, since the beginning of winemaking, about 6000 years before J.C., man has 
not only sought through wine production the elaboration of a banal fermented 
beverage, but even more that of a product revealing an aesthetic value. This aesthetic 
value is associated in the great wines to hedonic sensory perception (color, aromas, 
taste) related to harmony, complexity, elegance, which sometimes represents such level 
of uniqueness, that wine can be considered by wine tasters as a real work of art.  
The history of the Bordeaux wine is evidenced by this research. The above mentioned 
sensory expressions, reflect at beginning characteristics of grape composition related to 
the Vitis vinifera grape varieties - the taste of a Cabernet Sauvignon wine is different 
from a Merlot - and their particular expression depending on climate and soil. They are 
also due to the chemical and biochemical phenomena occurring during vinification 
(alcoholic and malolactic fermentation) and wine ageing related to winemaker's 
choices.  
However, wine is a fragile product; its organoleptic quality - taste and aroma- can be 
easily altered, as the pleasure of its consumption. Without human intervention, the 
natural evolution of wine is vinegar. Thereby, since the mid 19th century, enological 
science has continuously contributed to improve wine quality and wine analysis is an 
important aspect of this process. Thus, the analysis of wine or grape juice offers the 
opportunity to learn about the composition of wine - or grapes during their maturation 
-, to ensure the conformity of its composition relative to the regulation, to determine the 
origin of aroma and taste alterations in order to limit them, to understand the 
composition at the origin of their colour, taste and flavour, as the evolution of these 
components and so to provide winemakers the opportunity to guarantee and improve 
the sensory quality of the wines. 
During this presentation, after drawing up an historical overview of the wine analysis, 
an inventory will be made of analytical tools which are now employed in the service of 
winemakers. Some analytical methods are referred by International Organisation of 
Wine (OIV) standards. We shall see how advances in analytical chemistry, especially for 
sample preparation, chromatographic techniques - including multidimensional 
approaches and the enantioselective analysis - their coupling with structural 
characterization tools (conventional detector and high mass resolution, NMR 
spectroscopy and olfactometry) help identifying and assay impact components, often 
present at trace concentrations (in the range of ng / L), in the complex beverage that is 
wine, in order to study the evolution of these compounds in the context of the 
winemaking and sensory impact on the flavour and taste of wine. We shall then analyse 
prospects offered by the coupling of grape and wine analysis- including metabolomic 
and multivariate statistical approaches- with sensory analysis in order to better 
understand wine sensory perception.  
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DAC-EuCheMS Award 2015 

QUO VADIS, ANALYTICAL CHEMISTRY? 

Miguel Valcárcel 

Department of Analytical Chemistry, University of Córdoba, Marie Curie Annex Building, Campus de 
Rabanales, 14071 Córdoba, Spain. E-mail: qa1vacam@uco.es 

After placing Analytical Chemistry in the context of Chemistry, which has no first, second and 
third class branches, a critical, systematic discussion of wrong approaches to our discipline by 
analytical chemists ourselves, other chemists and various professionals is presented. These 
misconceptions allow one to define Analytical Chemistry as the discipline of (bio)chemical 
information and its milestones as the formulation of aims and objectives, quality trade-offs, 
consideration of the demands of (bio)chemical information as a third basic standard, the 
crucial role of data hierarchy, information and knowledge, R&D&I as a means to make 
Analytical Chemistry an independent discipline, and Social Responsibility. 

The second part of this lecture describes obsolete and nearly obsolete paradigms of our 
discipline that should gradually disappear as news paradigms arise to establish a new 
framework for today’s and tomorrow’s Analytical Chemistry. The new paradigms comprise 
both general strategies and specific approaches. 

Although this lecture summarizes my personal view of our discipline after 45 years of research 
and teaching work, it is far from my intention to establish its future myself. Rather, my proposal 
is fully open to adjustment and change. It is more than a mere trend approach because it is 
more general and philosophical. I must admit that it may be somewhat uncomfortable, but I 
am certain that some matters require careful rethinking today. Among other purposes, this 
lecture is intended to stimulate critical thinking among young analytical chemists by using the 
Newton´s cradle model. 

(max. 250 words) 

Keywords Chemistry, Analytical, paradigms, trends, (bio)chemical information. 

Acknowledgements: I am grateful to all the chemists who discussed with me a preliminary 
version of this lecture. Their arguments for agreeing or disagreeing have no doubt helped to 
improve its contents. 
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SPECTROSCOPIC IMAGING FOR CHEMICAL ANALYSIS 

Sergei G. Kazarian 

Laboratory of Vibrational Spectroscopy and Chemical Imaging, Department of Chemical Engineering, Imperial 
College London, South Kensington Campus, London, SW7 2AZ, United Kingdom  

FTIR spectroscopic imaging has emerged as a powerful tool for characterisation of 
polymeric, pharmaceutical and biomedical systems. This spectroscopic imaging also 
offers unique opportunities for forensic research and conservation science. This talk 
will outline the research we are developing in this area with focus on FTIR 
spectroscopic imaging in ATR (Attenuated Total Reflection) mode. Emerging 
applications of these imaging methods will be discussed. Two complementary 
approaches have been used, providing flexibility with field of view and spatial 
resolution: micro-ATR-FTIR imaging using a microscope objective with a Ge crystal, 
and macro-ATR-FTIR imaging using a single-reflection ATR accessory, the latter 
provides many opportunities for studying dynamic chemical systems. The ability to 
make spatially resolved chemical snapshots as a function of time is the basis of 
dynamic chemical imaging offered by macro ATR imaging approach, which was 
applied to follow the processes of pharmaceutical tablet dissolution, the study of drug 
release and imaging of flows in microfluidics. We also demonstrated that ATR-FTIR 
imaging is a novel tool for the high-throughput thermal stability assay of antibodies 
and allows different buffer conditions to be simultaneously assessed for studies of the 
thermal stability over a wide range of conditions. Chemical specificity of ATR-FTIR 
spectroscopy allowed studies of protein ligand denaturation on chromatographic 
stationary phase. Such insights could help to optimise purification protocols in order to 
reduce antibody production costs. Recently developed approaches in FTIR 
spectroscopic imaging open up new opportunities in chemical analysis of 
heterogeneous materials and may be particularly valuable in process analysis of 
many systems.  

.  
Keywords: chemical imaging, vibrational spectroscopy, bioprocessing, materials 

Acknowledgements: The European Research Council under the European Community’s 
Seventh Framework Programme (FP7/2007-2013)/ERC Advanced Grant Agreement No. 
[227950] and BBSRC Bioprocessing Research Industry Club (BRIC) (BB/K0111030/1). 

PL002

5 sur 745



MID-IR QUANTUM CASCADE LASERS: A NEW ENABLING TECHNOLOGY FOR 
ANALYTICAL SCIENCES 

Bernhard Lendl, Andreas Schwaighofer, Georg Ramer, Mirta Alcaraz, Anna Balbekova, 
Johannes P. Waclawek, H. Moser, Christoph Reidl-Leuthner, Wolfgang Ritter, Johannes 
Ofner 

Technische Universität Wien, Institute of Chemical Technologies and Analytics, Getreidemarkt 9/164, 
1060 Vienna, Austria 

Quantum cascade lasers (QCLs) have recently emerged as a powerful new light source for 
the mid-IR spectral range. Their special properties like room temperature operation, small 
size, CW and pulsed operation as well as broad spectral coverage render them most 
attractive for use in analytical sciences. This presentation will first introduce fundamental 
aspects of QCLs and then showcase the advantageous exploitation of their unique 
properties.  
Concerning gas analysis three different approaches, all exploiting the narrow line profile of 
QCLs, will be shown. Industrial analysers based on quartz enhanced photoacoustic 
spectroscopy (analyte: CS2) and 2f wavelength modulation spectroscopy (analyte H2S) 
operating on-line at industrial co-operation partners (Lenzing AG and OMV AG) at the sub-
ppm concentration range will be introduced. Environmental trace gas analysis will be 
reported using open path measurements of NO and NO2 at low ppb concentration levels. 
Concerning the analysis of liquids a new method for measuring oil-in-water, which has also 
been successfully commercialized, will be shown. Complementary studies of protein folding 
in water will be reported. These applications benefit from the high spectral power densities of 
QCLs. Finally, exploiting the high repetition rates of QCLs operated in pulsed mode, the 
concept of near-field mid-IR imaging based on photo-expansion microscopy will be 
explained. Here an atomic force microscope is used to detect the expansion of a solid 
sample when illuminated with a pulsed, tuneable QCL laser. Operation at kHz pulse 
frequencies allows matching the resonance frequencies of the AFM cantilever when 
operated in contact mode, thus maximising sensitivity. 
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ELECTROCHEMISTRY AND MASS SPECTROMETRY IMAGING IN FLIES, CELLS 
AND VESICLES 

Andrew G. Ewing1, 2 

1 Department of Chemistry and Molecular Biology, Univ. of Gothenburg, Gothenburg, 41296, Sweden 
2 Department of Chemistry and Chemical Engineering, Chalmers Univ. of Technology, Gothenburg, 41296, 

Sweden 

Electrochemical methods provide a powerful approach to investigate neurotransmitter 
release and storage from and in single cells. Additionally, the fly model (Drosophila 
melanogaster) provides a unique system to examine neurotransmitter release and 
drug dependence mechanisms in a small, but complete system. 
Mass spectrometry imaging with ion beams allows spatial resolution of a few 
micrometers down to 40 nanometers in favorable cases. We have been using 
secondary ion mass spectrometry (SIMS) with a unique 40-kV argon cluster ion source 
and the NanoSIMS to measure the lipids across the fly brain and catecholamine in 
nanometer vesicles, respectively. Here, we have focused on the effect of the drug, 
methylphenidate, on lipid composition in the brain and find that it varies in a way that 
might affect cognition. We have also used NanoSIMSs to measure transmitter in 
subregions of nanometer vesicles. Combined with  a new method we call vesicle 
impact electrochemical cytometry to monitor the content of the interior of vesicles, we 
have begun to investigate the details and implications of open and closed exocytosis. 

Keywords: Mass spectrometry imaging, cells, flies, vesicles, neurotransmitters 

Acknowledgements: (optional) European Research Council, Swedish VR, NIH, Knut and 
Alice Wallenberg Foundation 
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Seeing, Measuring and Understanding Vesicular Exocytosis of 
Neurotransmitters 

Christian AMATORE 

Vesicular exocytosis is a natural nanoscale process. This involves a connection between nanometric 
vesicles contained inside a cell with the cell membrane occurring by creation of a fusion nanopore 
across the two membranes through which biologically active molecules contained inside the vesicle 
are released into the extracellular environment (synaptic cleft, circulating fluids). Despite the minute 
released amounts (attomoles), single exocytotic events can be studied by means of the ‘artificial 
synapse’ amperometric method [1], in which a cell is interrogated by a carbon fiber microelectrode 
collecting and oxidizing released molecules so that the finely-structured electrochemical current tracks 
quantitatively the exocytotic flux. In the ENS group we investigate essentially chromaffin cells which 
release adrenaline into the blood stream. Our purpose in this work was to derive topological, energetic 
and dynamic information about these vesicular exocytotic phenomena. 

Such information is obtained by deconvoluting the 
experimental current by means of simulations involving 
self-adjustment of time-dependent radius of the fusion 
nanopore [2-3]. It should be noted, however, that due to 
the biological variability of the vesicles, the main 
parameters characterizing a spike (i.e., initial 
concentration of the neurotransmitter, its diffusion 
coefficient, vesicle radius, etc.) are not known a priori. 
Nevertheless, reconstruction is possible when at least 
one of the characteristic dimensions is known as an 
independent entry. To this end, we resorted to initial 

fusion nanopore radius values (1.2±0.35 nm), which are well established by patch-clamp 
measurements [4], for internal calibration of the reconstruction procedure. This resulted in the 
determination of the average neurotransmitter diffusion rate (D/Rves2) within the vesicle, which in turn 
allowed reconstructing the fusion nanopore dynamics from any given spike.  
Owing to the large number of spikes in amperometric experiments (several hundred spikes treated) 
this afforded statistically significant analysis of size distributions of initial fusion pore [4] as well as that 
in its final stage (full fusion). In turn this provided for the first time experimental access to the potential 
energy well governing the thermodynamics of such nanosystems suggesting their pure lipidic nature. 
Conversely, the “full fusion” stage does not end into full fusion but fuse less than ca. 1% of the vesicle 
membrane surface area with that of the cell since the expansion of the fusion pore appears to be 
blocked by some mechanical constraint, presumably imposed by the membrane cytoskeleton mesh 
size. Such quantitative results are in line with previous qualitative observations pointing out that the 
fusion mechanism is more complex than thought and is most certainly regulated by an active 
participation of the actin cytoskeleton and possibly also by proteins complexes of the 
dynamin/dynasaure family. In functional neurons synapses, and using nano-conical carbon fiber 
electrodes, Kiss-and-Run sequences could also be determined supporting these views [5]. 

Acknowledgements 
This work has been supported in part by the CNRS (UMR 8640), Ecole Normale Superieure (ENS, 
Paris), University Pierre and Marie Curie (UPMC), and the French Ministry of Research. The author 
thanks Dr. A. Oleinick and Prof. I. Svir for their high involvement in the theory presented, as well as 
Drs F. Lemaitre, M. Guille Collignon and Prof. Weihua Huang (Wuhan, China) for the experimental 
material. 
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FIELD FLOW FRACTIONATION: A WINDOW ON THE "nano-WORLD” 

Catia Contado 

1 Field-Flow fractionation Laboratory, University of Ferrara, Ferrara, I-44021, Italy 

The term Field-Flow Fractionation (FFF) identifies a family of separation techniques 
able to separate sample components thanks to the action of a field force applied 
perpendicularly to a flow, which flows inside of an empty, thin and long channel. The 
different force field (liquid flows, centrifugal forces, temperature gradients or gravity 
fields), determines the FFF method.  
FFF methods are suitable to separate both soluble and colloidal components over a 
wide size range, a feature, which make them particularly useful for the 
characterization of nano-entities, such the nanoparticles (NPs) added in many 
everyday products. 
The most popular FFF method in the NPs characterization field is the FlowFFF (F4), 
often coupled on-line with specific element detectors, such as ICP-MS; equally 
suitable is the centrifugal FFF, which is actually more selective in term of sizes.  
Size, in fact, along with shape, morphology and many other physicochemical 
parameters are the principal characteristics, which has to be determined to evaluate 
the health or/and environmental effects caused by the NPs. 
This presentation summarizes the most relevant information, which can be 
determined with the FFF methods in the field of nanotechnologies.  

Keywords: Nanoparticles, metal NPs, metal oxide NPs, FlowFFF, centrifugal FFF. 
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Weighting molecules with the precision of the mass of an electron to unravel 
chemiodiversity in environment and health 

Philippe Schmitt-Kopplin 

Analytical BioGeoChemistry, Helmholtz Zentrum Muenchen, Munich, Germany 
Chair of analytical Food Chemistry, Technische Universität Muenchen, Freising, Germany 

From a traditional definition in the field of human health, metabolomics measures the 
concentrations of the large number of naturally occurring small molecules (called 
metabolites), that are produced as intermediates and end-products of all metabolic 
processes. They are measured from biological samples and body fluids such as urine, 
saliva, blood plasma, tissue sample; even the simple breath (exhaled breath 
condensates) can carry the information about the state of health. The total number of 
different metabolites is still unknown; some estimation ranges from few ten thousands 
to about one million, but even this latter estimate may be conservative; including plant 
and bacterial metabolites that are not necessary to keep the organism alive, also 
referred to as secondary metabolites, the number is enormously larger. The probable 
number of metabolites is also considerably larger than the number of corresponding 
genes, so it seems that the currently available databases cover at best 2% of the total 
number of existing metabolites. In deed with our integrated analytical approach using 
LC-MS-NMR and ICR-FT/MS data we annotate from databases around 10% of the 
experimental signals. 
Metabolomic, as the comprehensive study of metabolic reactions is growing very 
rapidly and integrates the knowledge of earlier developed Omics-branches. 
ICR-FT/MS describes highly complex mixtures on the level of the elementary 
composition distribution and is shown in this presentation as an dedicated tool to 
understand the composition and processes on a molecular level in various study fields 
from food chemistry, biology, organic geochemistry towards interplanetary chemistry. 

Keywords: Mass spectrometry, Metabolomics 
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MULTI-DIMENSIONAL LIQUID CHROMATOGRAPHY  

Peter Schoenmakers 

University of Amsterdam, Faculty of Science, Science Park 904, 1098 XH Amsterdam, The 

Netherlands 

One of the great challenges in modern science is to elucidate the composition of extremely complex 

samples. The challenge analytical chemists further, we are asked to analyse very small time-variant 

complex systems rapidly. Food science and food safely, high-tech materials and natural-products 

research all pose great challenges to analytical chemists, but biosystems arguably constitute the 

greatest contemporary challenge. The human proteome contains some 50,000 different proteins 

and there is a great desire to separate, identify and quantify all of these in many samples (from 

different locations and/or different time points). Proteins also occur in many (post-translationally) 

modified forms and through a vast range of concentrations (many orders of magnitude). Translating 

this in analytical terms implies that we are asked to provide separation power (number of peaks), 

selectivity, dynamic range and analysis time. 

The combination of analytical separations and mass spectrometry (MS) is the outstanding way to 

address such challenges. MS has developed fantastically and it allows many constituents of complex 

samples to be (tentatively) identified. However, MS suffers from matrix and suppression effects and 

it tends to favour the abundant compounds. Therefore, an high-resolution separation method, such 

as liquid chromatography (LC) is needed to provide additional separation power. Combining LC with 

MS is essential for quantitative analysis, especially across a broad dynamic range. Moreover, LC can 

add various types of selectivity to distinguish molecules based on other properties than molar mass 

(or mass-to-charge ratio). 

Multi-dimensional LC offers much more in terms of both separation power and selectivity than 

conventional one-dimensional LC. One-dimensional LC provides a peak capacity of about 1,000 at 

the expense of long analysis times (typically 16-h overnight runs). Comprehensive two-dimensional 

LC (LC×LC) provides a peak capacity of several thousand within one hour. Two completely different 

(“orthogonal”) retention mechanisms can be selected for LC×LC separations.  

In this lecture the benefits of LC×LC will be discussed based on some examples. Options to address 

the ultimate challenge of separating extremely complex mixtures will be discussed. 
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SINGLE CELL ANALYSIS ON MICROFLUIDIC DEVICES 

Petra S. Dittrich 

1 Department of Biosystems Science and Engineering, ETH Zurich, Switzerland 

Microfluidics is a promising technology and provides a huge toolbox for analytical and 
bioanalytical methods in general. With respect to cell analysis, the emergence of 
microfluidic platforms has paved the way to novel analytical strategies for positioning, 
treatment and observation of living cells, for creating of chemically defined liquid 
environments, and for tailoring mechanical or physical conditions. These 
methodological improvements have revealed fascinating insights into cellular 
processes. 
In this context, we have introduced a method that facilitates the chemical analysis of 
individual cells, applicable in the fields of single-cell proteomic and metabolomic 
studies. Combinations of cell trapping and encapsulation in microchambers 
accommodating volumes of tens to hundreds of picoliters facilitate the analyses of 
living cells and the chemical analysis of cell lysates. The realization of this tiny 
analytical chamber is the key requirement for a highly sensitive detection of the target 
molecules directly in the cell lysate, even when present in very low copy numbers. We 
integrated the platform with immunological methods such as enzyme-linked 
immunosorbent assays (ELISA) and competitive ELISA, which allows for the 
quantification of proteins and other biomolecules. The microfluidic platform can be 
employed for a wide range of molecules, for studies of various cell types including 
mammalian cells, yeast cells and bacteria. Moreover, these microdevices proved also 
highly useful for analysis of liposomes, which we create in order to elucidate 
processes at the membrane. We could address questions of membrane permeability 
and membrane fusion, and membrane properties under mechanical stress. 

Keywords: Single-cell analysis, Microfluidics, Lab-on-Chip Technology, Immunoassays, 
Metabolites, Proteins 
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APPLICATION OF SPECTROSCOPIC IN-LINE METHODS FOR RECORDING 
PROCESSES INSIDE OPERATING PEM FUEL CELLS  

 
Hans Bettermann, Martin Labus 
 
Institute of Physical Chemistry, Heinrich-Heine-University of Düsseldorf, Düsseldorf, 40225, Germany 

 
Although the conversion of chemical energy into electric current in fuel cells seems to 
be simple, the single steps and the technical realization of this process is rather 
complex in detail. General issues are the global and local wetting conditions inside the 
cell, the status of the membrane and the transport of charge carriers. 
Fuel cell operations are usually investigated by electrochemical methods.   
This contribution however shows how spectroscopic methods are capable to look 
inside in operating fuel cells and to pursue processes in-line and less invasive. First 
Raman spectroscopy was used to determine local humidity and local hydrogen 
concentrations in the anodic flow field of low-temperature PEM fuel cells at various 
observation ports simultaneously. Raman spectroscopy was also applied to record 
concentration changes of various phosphoric acid species which act as charge carriers 
inside the membrane of high temperature PEM fuel cells.  
These investigations have been accompanied by electric arc emission spectroscopy 
for analysing trace gases. A spectrometer has been developed to record intrinsic gas 
cross over through the membrane-electrolyte assembly as well as to monitor early 
stages of membrane degradation. In addition the arc emission spectroscopy is 
currently used to measure the CO2 exhaust at the cathode side to investigate carbon 
corrosion of catalyst particles. 
In concert with electrochemical methods the presented spectroscopic setups seem to 
have potential to elucidate the entangled processes inside fuel cells and help to 
overcome the still existing teething problems of fuel cell operations. 

   
Keywords: Raman spectroscopy, arc emission spectroscopy, fuel cells, process analysis 
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AN ONLINE MULTIDIMENSIONAL LIQUID CHROMATOGRAPHY PLATFORM FOR 
COMPREHENSIVE LIPID PROFILING BY TANDEM MASS SPECTROMETRY 

 
Paola Donato1, Francesca Rigano2, Marco Beccaria2, Rosaria Costa2, Paola Dugo2,3 and 
Luigi Mondello2,3,4 
 
1“Scienze dell’Ambiente, della Sicurezza, del Territorio, degli Alimenti e della Salute” Department, University of 
Messina, Messina, 98166, Italy 
2“Scienze del Farmaco e Prodotti per la Salute” Department, University of Messina, Messina, 98168, Italy 
3University Campus Bio-Medico of Rome, Roma, 00128, Italy 
4Chromaleont s.r.l., c/o “Scienze del Farmaco e Prodotti per la Salute” Department, University of Messina, 
Messina, 98168, Italy 

 
The coupling of two independent forms of liquid chromatography (LC), such as    
hydrophilic interaction (HILIC) and reversed-phase (RP-) in a comprehensive manner 
(LC×LC) can provide a convenient shortcut to conventional work-flows used in 
lipidomics, affording both class-type and species-type separation at the same time, 
prior to tandem mass spectrometry detection (MS/MS). Such multidimensional 
approaches are becoming even more widespread, especially in the comprehensive 
mode (LC×LC). 
A fully automated LC×LC-MS/MS system is here presented, in which high 
orthogonality was obtained by comprehensively interfacing HILIC in 1D to RP-LC in 2D, 
and exploiting the MSn capability and high mass accuracy of an hybrid ion trap-time of 
flight (IT-TOF) MS detector. Both non-polar and polar lipids were ionized by 
electrospray (ESI) in the positive or negative mode, and identified unequivocally by 
fragmentation of selected precursor ions or through the use of formula predictor 
software. 
The system was validated on standard compounds, and then applied for the 
characterization of biological samples (such as seafoods). 
The use of LC×LC as front-end separation reduces the sample complexity before 
entering the probe, allowing for more reliable identification/quantification by MS, and 
reducing the need for tedious and time-consuming sample clean-up procedures 
(solid-phase extraction or QuEChERS). 
The use of tandem mass spectrometry (MS/MS) brings additional dimensions in terms 
of selectivity, specificity, and structural information, allowing for more confident 
structure elucidation of unknown components. 

 
Keywords: Lipidomics, Ion trap-Time of flight, Comprehensive liquid chromatography, 
Tandem mass spectrometry, Seafood.  
 
 
Acknowledgements: This work has been carried out within the framework of the Research 
Project “PRIN 2012”: Assessment of quality and safety of Mediterranean seafoods by “omics” 
sciences, supported by the Italian Ministry of University and Scientific Research, nr. 
2012TLC44W. 
The authors gratefully acknowledge Shimadzu and Sigma-Aldrich/Supelco Corporations for 
the continuous support. 
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REQUIREMENTS FOR TEACHING ANALYTICAL CHEMISTRY – 
CONCLUSIONS FROM THE EUROPEAN EMPLOYMENT SURVEY 

 
Reiner Salzer1, Philip Taylor2 
 
1 ECTN, Brussels, 1000, Belgium and TU Dresden, Dresden, 01062, Germany 
2 European Commission, JRC, IRMM 2440 Geel, Belgium 
 

 
The share of graduates, who obtained their highest degree in analytical chemistry 
during last 15 years, varies very much between European countries – roughly 
between 10% and 30%. Does a preference for analytical chemistry relate to the sizes 
of employer sector and industry sector in the corresponding countries? 
Which chemical disciplines dominate the current job world? Two of the 16 chemical 
graduation disciplines, analytical chemistry is one of the two, have a higher share in 
the job world than in the educational system. Which conclusions should be drawn 
from this result of the employment survey? 
Are analytical chemists currently more satisfied with their jobs than other chemists or 
chemical engineers? As more jobs are offered in analytical chemistry than graduates 
are available, is the job still commensurate with the training? Do jobs dominated by 
analytical chemistry meet the expectations in comparison to jobs dominated by other 
chemical disciplines? 
Conclusions shall be discussed for the education in analytical chemistry at tertiary 
level. 

 
Keywords: Analytical Chemistry, teaching, employability, survey 
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ULTRA-THIN FILM ANALYSIS BY HYPHENATED MASS SPECTROMETRIC 
TECHNIQUES 

 
Valentina Gianotti1, Diego Antonioli1, Katia Sparnacci 1, Michele Laus1, Tommaso Jacopo 
Giammaria2, Monica Ceresoli2,3, Federico Ferrarese Lupi2, Gabriele Seguini2, Michele Perego2 
 
1 DISIT, University of Piemonte Orientale, Alessandria, 15121, Italy 
2 Laboratory MDM, IMM-CNR, Agrate Brianza, 20864, MB, Italy  
3 Department of Fisica, University degli Studi di Milano, Milano, 20133, Italy  
 

 
Control and manipulation of surfaces and interfaces is an attractive research area with 
strong potential for involvement in upcoming technologies. Films composed of 
polymer chains tethered to the substrate surface can exhibit peculiar properties 
including control of phase-segregation in response to external stimuli, wetting control, 
control of protein and cell adsorption and adsorption of molecules. Significant efforts 
have been addressed to the preparation, characterization and understanding of the 
structure/property relationships of those surface layers attached to or deposited on 
the substrate surface.  
In this scenario, analytical methods that allow characterizing the composition of the 
materials obtained after the grafting process are of paramount importance. 
Quantitative analysis of thin and ultrathin film composition is a rather complicated task 
due to the very small amount of material to be detected and requires the use of high 
sensitivity techniques.  
In the present contribute the results obtained in the characterization studies of thick 
and ultrathin films will be presented. The films are constituted by a first grafted layer of 
random copolymers or homopolymers grafted on SiO2 substrates, on which it is 
deposited a second layer of block copolymer. The entire system is heat treated in 
several different condition to obtain the self-assembly of the block-copolymer. 
The thermal behavior of treated and untreated films of homopolymers, random and 
block copolymers were studied by TGA-GC-MS and Direct Esposure Probe-MS 
methods. Moreover, they were characterized by the determination of the residual 
solvent content by GC-MS. The overall data allows elucidating the mechanism of the 
grafting and self-assembly processes.  

 
Keywords: Ultrathin Film characterization, TGA-GC-MS, residual solvent determination, 
DEP-MS, validation 
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ADVANCED CHEMOMETRIC STRATEGIES FOR FOOD AUTHENTICATION 

 
Federico Marini1  
 
1 Dept. of Chemistry, University of Rome “La Sapienza, Rome, I-00185, Italy. E-mail: 
federico.marini@uniroma1.it 

 
The issues related to quality control and verification of typicality and authenticity of the 
products play a major role within food chemistry. From the analytical point of view, 
given that several factors, which may determine the quality of a food, the approaches 
to the authentication of the products are increasingly directing towards the use of one 
or, rather, more fingerprinting techniques that allow the rapid, often not destructive and, 
possibly, holistic characterization of the goods. However, the complexity of food 
matrices often makes the recorded signals be affected by the contribution of different 
sources of variability, not always related to information sought. 
In this communication, some innovative chemometric approaches for solving 
problems of characterization and authentication of foodstuff will be presented. These 
approaches allow on one side to obtain detailed information on the effect of possible 
sources of variability on the experimental signals and on the other to build reliable 
mathematical models also in the cases in which the presence of these sources of 
variability may result in the need to build mathematical-statistical models of high 
complexity. 
Finally, the possibility of obtaining a characterization as holistic as possible of the food 
of interest via data fusion strategies - that permit the integration of the profiles 
obtained with different instrumental techniques – will be addressed. 
 

 
Keywords: chemometrics, food authentication, non-linear models, classification 
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In the past years Raman spectroscopy has been recognized as powerful tool for 
biomedical applications enabling label-free imaging of the distribution of a wide range 
of specific molecular structures. While the advantage of Raman spectroscopy are its 
unprecedented high specificity it suffers from its poor sensitivity. This disadvantage 
can be overcome by utilizing non-linear coherent Raman phenomena like CARS = 
coherent anti-Stokes Raman scattering or SRS = stimulated Raman scattering. In this 
contribution we shall discuss the application of non-linear Raman-based approaches 
for pathological tissue characterization. We will show that these methods have been 
developed towards providing conceptually novel insights into complex biological 
media. However, these methods as standalone techniques are typically highlighting a 
particular detail of e.g. pathological alterations in tissues and cells. In order to improve 
the diagnostic result a meaningful combination of different non-linear contrast 
mechanism in a multimodal approach has been proven to be extremely beneficial for 
biomedical imaging. Here we demonstrate how the combination of CARS, SHG and 
two-photon excited autofluorescence (TPEF) allows for the characterization of the 
morphochemistry of frozen section biopsy specimens from a broad range of different 
tissues and pathologies for biomedical diagnosis. We will demonstrate the detection of 
characteristic structures and the accompanying molecular changes of widespread 
diseases, particularly of cancer. To facilitate handling and interpretation of the image 
data characteristic diagnostic markers can be automatically extracted by advanced 
image processing algorithms. Overall, the presented examples show the great 
potential of multimodal non-linear imaging to complement established clinical 
pathological diagnostic tools. 

 
Keywords: coherent Raman scattering microscopy, CARS, multimodal imaging, cancer 
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This talk presents the experience of running a MOOC “Estimation of measurement 
uncertainty in chemical analysis” at University of Tartu (UT). Teaching in the “MOOC 
mode” is compared to conventional university teaching as well as to short training 
courses for professionals. 
 
In the field of measurement uncertainty in chemistry (or in chemistry in general) 
MOOCs are no real competitors for the conventional university degree programs. 
Instead they can be seen as useful add-ons: the on-line course material can be used 
by students of conventional courses as a reference point for explanations and 
definitions, source of sample calculation files, for self-testing. The self-testing 
possibility using the on-line tests of the MOOC has proved especially useful in our 
experience. 
 
In the context of practitioner training, online courses are almost fully complementary to 
the conventional 1-3 days intensive courses in terms of advantages/disadvantages. 
The main disadvantages of MOOCs are that they lack the direct student-teacher 
contact, are not suitable for experimental or team work and have the danger of 
cheating during learning evaluation. The list of advantages of MOOCs is, however, 
longer: the possibility to deliver the course simultaneously to many participants, no 
serious time constraints (enough time to “digest” the knowledge), possibility of 
independent homework, possibility of working with participants of uneven level, 
possibility of meaningful assessment of obtained knowledge, low costs of running the 
course (once it has been set up), nonexistent travel and accommodation costs. 
 
The possibility of hybrid courses – using “the best of both worlds” is envisaged. 

 
Keywords: Massive Open Online Course, practitioner training, assessment of obtained 
knowledge, problem-solving 
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Metabolomics by masses, metabolomics for the masses 
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In all questions of biology that aim at - or rely on - gathering a holistic picture of 
cellular life, there is a pressing demand for large scale studies with thousands of 
strains or conditions. This applies for example to functional genomics, causal 
elucidation of regulatory networks, mapping of gene-environment interactions in 
quantitative traits, etc. Also in the biomedical field, analysis of large drug collections 
and sample cohorts has become increasingly essential. 
 
To meet the demand of analyzing tens of thousands of sample, we established a 
metabolomics pipeline for high-throughput, accurate mass metabolomics. The effort 
included scale-down to miniscale cultivation, parallelization of sample preparation, 
development of high-throughput metabolomics by flow injection – time-of-flight mass 
spectrometry, and completely new IT pipeline for processing, storage, and data mining. 
The analytical platform was thoroughly optimized for sensitivity, linearity, robustness, 
and accuracy. To date, we can routinely detect thousands of features in thousands of 
samples per day. Over the years, we performed > 500’000 analyses of complex 
samples in a vast variety of biomedical questions. 
 
More recently, we extended our platform to allow real-time analysis of living cells. The 
methods was proved to work for microbial and mammalian cells, and can provide full 
metabolomics profile as fast as all 15 sec. Exemplary cases for the information 
content of such screens and the unprecedented potential of this platform will be 
presented. 

 
Keywords: metabolomics, high-throughput, discovey 
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Recently we have devised an innovative approach to chiral conducting thiophene 
oligomers, based on the concept of "inherent chirality": the stereogenic element is a 
tailored torsion intrinsic to the whole electroactive backbone, arising from insertion of 
atropisomeric biheteroaromatic scaffolds, rather than stereocentres localized in 
attached pendants. [1] Thus the stereogenic element responsible for chirality is also 
responsible for electroactivity, since it constitutes the conjugated backbone. An 
example are the films obtained by electrooligomerization of the 
2,2-bis[2-(5,2-bithienyl)]3,3-bithianaphthene (BT2-T4) parent monomer, mostly yielding 
cyclic oligomers (BT2-T4)n, predominantly dimers and trimers. They constitute rings of 
fully conjugated thiophene units, idealizing conducting polymers without ends. [2]  
This outstanding feature combination endows the electroactive films with exceptional 
chirality manifestations, like e.g. circularly polarized luminescence, and, above all, the 
capability, as electrode materials, to pronouncedly separate (in many cases by 
100-200 mV and even more) voltammetry peaks of enantiomers of chiral probes of 
quite different chemical and electrochemical properties, and of quite different 
structural features, including pharmaceutically and/or biological relevant ones, like 
DOPA, ofloxacin and many others. Concurrently, peak currents display a linear 
dynamic range, to be exploited e.g. to quantify enantiomeric excesses on disposable 
SPEs. [3] 
Similar enantioselectivity is also shown by oligomer films obtained by 
electrooligomerization of other inherently chiral monomers, having different chemical 
and structural features. This proves the general validity of this approach to obtain 
highly enantioselective enantiopure surfaces, attractive tools for chiral voltammetry.  
 
[1] Angew.Chem. 2014, 53, 2623  
[2] Chem.Eur. J. 2014, 20, 5298 
[3] Chem.Sci. 2015, 6,1706 
 
Keywords: chiral electrodes, chiral voltammetry, inherently chiral oligomer films, 
enantioselectivity in electroanalysis 
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The study of Cultural Heritage materials requires advanced techniques to shed new 
lights on ancient technologies and help in their preservation. The precious character 
of the most famous works of art and their uniqueness imply particular cautions and 
require instruments which may give the maximum of information directly on the 
artefacts, in-situ in the museums or in the archaeological sites.  
 
The implementation of new analytical tools, including mobile instruments, allows a 
deep insight on the archaeological and artistic materials. We will show the 
performances of a new mobile XRF/XRD instrument we built to allow in situ 
characterization of the nature, the alteration and the mode of preparation of different 
pigments. Through several examples, we will show how the painters were able to 
create the perception of depth in their paintings by modulating carefully the 
relationship between shadows and light, thanks to the realization of dark areas, the 
work in sub-layers and the choice of pigments. It was then possible to obtain particular 
shades reproducing light reflection on metallic objects or performing an atmospheric 
perspective. 
 

 
Keywords: Pigments, chemical analysis, art history  
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Analytical methods for food control are mainly focused on restricted lists of well-known 
contaminants. Liquid chromatography coupled to high-resolution mass spectrometry 
(LC/ESI-HRMS) associated to the data mining tools developed for metabolomic could 
overcome this issue by enabling (i) targeted analyses of pollutants, (ii) detection of 
untargeted and unknown xenobiotics, (iii) detection of metabolites useful for the 
characterization of food matrices, and (iv) evidences of adulteration. The term 
“foodomics” has been coined in 2009 in this context, and deals with applications of 
omic sciences to nutrition and food analysis (Herrero M., Mass Spectrometry Reviews, 
2012). This concept well illustrates a trend observed in many applications of analytical 
chemistry, and that consists in moving from targeted approaches toward holistic ones 
by using tools initially developed for system biology and biomarker discovery.  
The aim of this lecture is to highlight the challenges to be addressed when applying 
metabolomic based approaches to food control, especially at the levels of metabolite 
detection, building and implementation of spectral databases, and data processing 
with informatic and bioinformatic tools.    
 (max. 250 words) 

 
Keywords: Liquid chromatography, High resolution mass spectrometry, metabolomics 
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Over the past decade, 3D printing has re-branded itself from additive manufacturing 
focusing on industrial applications into a popular consumer product. The high price of 
commercial grade 3D printers has given rise to the opening of 3D print shops. In most 
countries, CAD drawings can be submitted online for professional printing with the 
resulting 3D object mail-delivered within days. In addition to its popularity in creative 
arts, the scientific research community has embraced 3D printing for the fabrication of 
customised parts, holders and containers. 
For consumers interested in experimenting, greater levels of control and/or faster turn 
around times, a variety of 3D printers has become available for the consumer market, 
ranging in price from a couple of hundred to a couple of thousand dollars. Most 
popular based on sales numbers are Fused Deposition Modelling (FDM) printers, 
where a polymer is extruded from a heater nozzle. Less well known are printers based 
on Digital Mirror Devices (DMD), where 3D structures are lithographically patterned 
through selective exposure of a resin. During this presentation consumer-grade FDM 
and DMD printers will be characterised and compared for their suitability in the 
fabrication of microfluidic devices.   

 
Keywords: 3D printing, microfluidics, Lab on a Chip,  
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In inductively-coupled plasma mass spectrometry (ICP-MS), sample introduction of 
liquid samples is routinely achieved via pneumatic nebulizers. Such nebulizers are 
appropriate for many commonly analyzed types of liquid matrices, such as drinking 
water or acid-digested solid samples. However, when introducing more challenging 
liquid samples (e.g., sea-water, wine, blood, or electrolyte solutions), great care has to 
be taken to avoid nebulizer-failure due to blocking. 
Therefore, alternative sample-introduction strategies are required to provide high 
throughput, even for the abovementioned challenging matrices. Dried-droplet laser 
ablation ICP-MS is such an alternative. There, a droplet of liquid sample (typically 
several µL) is deposited on a solid surface, the liquid is evaporated and the remaining 
solid residue is ablated with a laser. The dry aerosol thus obtained is brought to the 
ICP-MS and analyzed. 
The bottleneck of dried-droplet laser ablation is the deposition of liquid sample 
droplets. In most reports of dried-droplet laser ablation, this aliquoting step is achieved 
manually via Eppendorf pipetts. Due to manual handling, the resulting dried residues 
are quite randomly distributed across the surface of the sample target. This random 
distribution prevents straight-forward localization of the residues with the laser 
system. 
In this contribution, self-aliquoting micro-array plates are used in combination with 
laser ablation ICP-MS to automatically split a liquid sample into reproducible aliquots. 
The advantage of such micro-array plates is that dry residues are obtained in a fast 
and straight-forward way and that the residues are distributed in a well-defined grid 
pattern across the surface, facilitating localization and laser ablation. 
 
 

 
Keywords: dried-droplet laser ablation, micro-array plates, analysis of challenging liquid 
samples, inductively-coupled plasma mass spectrometry 
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Due to diminishing conventional resources of crude oil like the light crudes, larger 
parts of the energy have to be obtained from unconventional assets in the 
intermediate future. These resources include heavy materials which are more difficult 
to convert to transportation fuels. For a better understanding of the upgrading 
processes analytical methods need to be developed that allow to handle extremely 
complex mixtures. Here, different sample preparation methods in combination with 
separation and detection methods need to be implemented that combine ultrahigh 
resolution capabilities with high accuracy. The method of choice is mass spectrometry 
coupled to separation methods such as HPLC and ion mobility spectrometry. Dealing 
with such complex mixtures leads to discrimination effects that have to be accounted 
for and reports have shown that sample simplification leads to increased information 
depth. Therefore, multiple ionization methods need to be employed for fractions of the 
whole crude oil. Here, we present newest data of heavy crude oil analysis from 
fractions like asphaltenes. With the introduction of the highfield-Orbitrap generation 
and the use of absorption mode Fourier-Transformation the resolution of these 
machines was dramatically increased. Together with transient times of up to 3s a 
mass resolution of 960000 (FWHM@m/z 400) can be achieved. The use of 
online-LC/MS to perform specific group separations enables to deliberately lower the 
mass resolution to increase the amount of scans throughout a chromatographic run 
as one of the major mass splits (C3 vs. SH4) can be avoided because the conflicting 
classes are chromatographically separated.    
 
 

 
Keywords: LTQ-Orbitrap Mass Spectrometer, crude oil analysis, complex mixtures  
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The elucidation of the metabolic fate of xenobiotics in the human body is one of the major 

challenges in toxicological research. Although metabolism is generally regarded as a 

process contributing to the detoxification of xenobiotics, in some cases, the parent 

compounds are activated and undergo reactions leading to the formation of highly 

reactive products. These reactive intermediates may covalently bind to biomolecules 

such as proteins and DNA, thus causing drug-induced toxicity and cell damage. 

Therefore, the development of analytical methods that enable the fast detection and 

characterization of reactive metabolites and their adducts is of great importance. 

Electrochemistry coupled online to liquid chromatography and mass spectrometry 

(EC/LC/MS) is a purely instrumental technique that has proven to be a valuable tool for 

simulating the oxidative transformation reactions of xenobiotics within an electrochemical 

cell. Compared to conventional methods, such as in vivo and in vitro metabolism studies, 

this method is much faster and cheaper and enables the direct detection of reactive 

products due to the absence of a complex biological matrix. Adduct formation of reactive 

species can be studied easily by adding selected biomolecules to the electrochemically 

generated oxidation products.  

In this presentation, we introduce the general principle and setup of this method and its 

application for analyzing the metabolic processes of polycyclic aromatic hydrocarbons 

(PAHs), a group of ubiquitous environmental contaminants. 
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In aquatic environments several organisms such as bivalves, fish, corals or mammals 
present carbonate structures constituted of successive carbonate layers able to trap 
elements from the environment. These archives are used for a long time to reconstruct 
the environmental conditions as well as life history traits and are powerful tools in 
environmental investigations and population management. However, the time resolution 
of the information is often hampered by the resolution of the sampling and analytical 
method. In the laser ablation field, the virtual beam shaping allowed by the femtosecond 
laser system (IR 1030nm, Alfamet, Novalase) developed at the LCABIE (Pau) opens on 
a wide range of sampling strategies adapted to the different scales of the biomineral 
microstructures. We propose to illustrate the abilities of such coupling for exploratory 
research as well as concrete ecological responses through three examples of 
biocarbonate analyses. The first example is the preliminary analyses by elongated scan 
rasters and imaging of dolphin teeth (hydroxyapatite) to identify potential environmental 
markers and try to partly reconstruct individual’s life history traits. The second example 
deals with a proxy validation in scallop shell (calcite) based on controlled 
experimentation. The incorporation of Mo and Ba in scallop shell was followed in order 
to determine the origin (dissolved/particulate) of elemental enrichments through an 
isotopic enrichment method. The last example illustrates how high resolution sampling 
and imaging of small fish otolith (aragonite) can easily help managers for species 
conservation. This last example will open on research perspectives to infer elemental 
incorporation processes in biocarbonates.      

 
Keywords: Femtosecond Laser / Biocarbonates / Imaging / Environmental Markers 
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Passive sampling (PS) is proving to be a valuable tool for the monitoring of priority 
substances in water, sediment and biota. PS techniques generally enable much 
greater sensitivity that can be achieved by “traditional” spot-sampling, and is generally 
applicable to a wide variety of compounds including, non-polar organic substances 
(e.g. PAHs, PCBs and PBDEs), polar compounds (e.g. pharmaceuticals and certain 
pesticides), trace metals, metalloids and radionuclides and organo-metallic 
compounds (e.g. TBT).  
 
A list of proposed emerging compounds was introduced to European legislation 
(Water Framework Directive (WFD)) in 2013. A new EU Directive (2013/39/EC) has 
added some additional priority substances to the existing WFD Priority Substance list. 
Investigation into the utility of passive sampling in the monitoring of these compounds 
is necessary to show the potential value of this technique in supporting the monitoring 
requirements under the WFD.  
 
This research project involves the development of novel passive sampling materials 
for the monitoring of priority and emerging pollutants in water. A catchment based 
approach was adopted to evaluate the occurrence of these compounds in Irish 
surface waters. This work deals with the challenges associated with the use of 
passive sampling in a legislative context, and for routine monitoring of emerging 
contaminants such as pharmaceuticals, steroids and pesticides. 

 
Keywords: passive sampling, WFD, emerging pollutants, priority substances, water 
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The use of engineered nanoparticles (ENPs) in a range of technological applications, 
as well as in consumer products has increased significantly in recent years. In this 
context, the sustainability of nanotechnology implies a reliable risk assessment of 
nanomaterials and nanoparticles in relation with human health and the environment 
and is requiring regulatory approaches. The implementation of these regulations 
mainly relies on the analytical information related with the detection, characterization 
and quantification of ENPs in the different types of samples involved.  
Nowadays, different analytical methodologies based on separation methods, such as 
Field-Flow Fractionation, Capillary Electrophoresis or Hydrodynamic Chromatography, 
are being developed. However, special attention must be paid to the sample 
preparation prior its separation and analysis. In most of environmental and biological 
samples, ENPs are suspended or embedded in complex matrices and typical 
procedures as filtration and/or centrifugation are not enough, since ENPs can exhibit 
strong interactions with the matrix. The correct interpretation of the results strongly 
depends on preserving the native condition of the ENPs in the sample. In this context, 
the extraction of ENPs from complex matrices, including food, tissues or cells, without 
altering their properties is an important challenge. Different approaches will be 
outlined as well as the gaps to be filled and future perspectives to overcome the 
problem of nanoparticles sample preparation in complex matrices for their 
characterization and quantification through separation strategies. 

 
Keywords: separation, inorganic nanoparticles, sample preparation, characterization 
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Accurate, reliable measurement of nutrient and contaminant content of food products 
is necessary to facilitate compliance with nutritional labeling requirements, protect 
consumers, and provide traceability for food exports/imports. For over 25 years the 
National Institute of Standards and Technology (NIST) has provided Standard 
Reference Materials (SRMs) to assist in assessing and improving the quality of 
measurements for food nutritional assessment and safety. Recent food-matrix SRMs 
include fortified breakfast cereal, soy flour, whole milk powder, egg powder, baby food 
composite, and meat homogenate with values assigned for vitamins, fatty acids, 
cholesterol, and nutritional and toxic elements. 

Numerous regulations exist worldwide related to nutritional content and safety of 
food products. To assist the U.S. food industry in complying with these regulations, 
NIST has worked with the food testing stakeholders, including government agencies, 
manufacturers, and trade associations, to develop a variety of food-matrix SRMs. One 
of the most highly regulated foods in the U.S., and internationally, is infant formula, 
and the current infant/adult nutritional formula SRM (SRM 1849a) is one of the most 
widely distributed SRMs for chemical analysis. SRM 1849a will be discussed in detail 
as an example of SRM use, impact, and stakeholder/partner involvement. 
 With the implementation of new analytical methods for determination of organic 
nutrients (e.g., LC-MS and LC-MS/MS), food-matrix SRMs are now typically 
characterized for 50 to 90 nutritional components. This new generation of food-matrix 
SRMs will better meet the needs of the food communities for compliance with 
regulations. The challenges and needs for development of food-matrix SRMs to 
improve the quality of measurements for nutrient content and safety will be discussed. 

 
Keywords: food matrix, standard reference material (SRM), vitamins, nutrients 
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Quantum nanostructures have played a decisive role in the development of novel highly 

sensitive detection technologies during the last decades. Recently, carbon nanodots (C-dots), 

has been discovered. They are fascinating carbon structures which possess high fluorescence 

that is size and capping dependent and it is expected that it can also be influenced by the 

surrounding environment. This can be resolved by grafting chemical recognition functionalities 

to their surface. In this case, the peripheral functionalities could be custom tailored for selective 

chemical recognition.  

In the present work, custom designed and synthesized carbon nanodots (C-dots) are utilized for 

the development of chemical sensors and biosensors. These C-dots are highly uniform spherical 
shaped with a narrow size distribution, and high fluorescent efficiency. The ligands on the 

surface are able to provide the capping for the C-dots, while at the same time interact selectively 

with charged species from the solution. The fluorescence of these materials is highly dependent 
on the electrical field generated on their surface from the selective interaction of the charge ions 
(such as pH) with the functional sites of the C-dots. This characteristic can be probed, and thus 
selective optical detection using functionalized C-dots can be envisaged.  

The generic nature of this methodology can be used to develop optically active chemical 

C-dot based nanoprobes for a series of charged species for which selective recognition exists. 

 
Keywords: Fluorescence; Carbon Dots; Biosensor; Nanostructures; Nanomaterials 
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An electronic cigarette (e-cigarette) is a battery-powered device containing a liquid 
solution (e-liquid) consisting of propylene glycol and/or glycerol as the matrix and 
various flavour compounds and may/may not contain nicotine that is vapourised into 
an aerosol, which can be inhaled by the user. The most common technique used for 
the analysis of e-liquids and e-cigarette aerosols is gas chromatography coupled with 
mass spectrometry (GC-MS). Although GC-MS can be considered as the gold 
standard in terms of selectivity, it is very time consuming and samples have to be 
prepared prior to analysis. Thus, online analysis of the e-cigarette aerosol is 
impossible. In contrast, Proton Transfer Reaction-Mass Spectrometry (PTR-MS) is a 
versatile analytical technique that provides accurate quantification of Volatile Organic 
Compounds (VOCs) in real-time without sample preparation. Additionally PTR-MS is 
a direct injection method, i.e. the e-cigarette aerosol can be analyzed either directly 
from the e-cigarette or from the exhaled breath after ‘inhalation’ or  ‘mouth-hold’ 
(keeping the aerosol in the mouth without inhalation).  
We first determined the composition of different e-cigarette aerosols by connecting the 
e-cigarettes to a smoking machine and injecting the resulting aerosol into the PTR-MS. 
We also analysed the exhaled breath of experienced e-cigarette users following use 
of e-cigarettes by PTR-MS. As expected, we found distinct differences in relative 
compound concentrations between the blank breath (control) and breath 
measurements following product use, with notable differences between volunteers 
inhaling the e-cigarette aerosol versus those holding the aerosol in the mouth only.  
 
Keywords: PTR-ToF-MS, e-cigarettes, nicotine, real-time analysis 
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Nowadays, it is widely accepted that the prompt diagnostic of a certain disease is a 
key factor in the patient survival, thus requiring efficient and reliable analytical 
methods for such purpose. Among the many diseases affecting mankind, breast 
cancer is of great relevance due to its high incidence, prevalence and mortality 
worldwide. During the last years, the demand of efficient, simple and disposable 
devices with short response times, easy-to-use, low-cost, and suitable for their mass 
production and to perform decentralized and routine analysis has increased in the 
medical diagnosis field.  
Within this context, different strategies implying the design and preparation of 
electrochemical biosensors for the sensitive, selective and rapid biosensing of 
cancer-related biomarkers will be summarized and discussed in this presentation. In 
particular, novel sensing platforms developed for the determination of miRs, breast 
cancer cells specific receptors and missense mutations in the TP53 gene, considered 
as sensitive and selective cancer reporters, will be presented. The developed 
methodologies, based on the appropriate use and coupling of selective bioreceptors, 
novel bioassays formats and electrochemical disposable nanostructured transducers, 
allow the determination of the target analytes at clinically relevant levels in complex 
samples (total RNAs and cDNAs from breast cancer cells and human tissues) and the 
assessment of receptor status in intact cells. These findings will serve as an important 
basis for the implementation of convenient point-of-care (POC) devices for the early 
and reliable diagnosis and patient follow-up of this high-incidence cancer. 
 

 
Keywords: electrochemical platforms, miRs, TP53 gene, breast cancer receptors 
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Endocrine disrupting compounds (EDCs) are natural and synthetic chemicals that 
possess chemical structure similar to natural endogenous hormones. Consequently, 
they can have a serious influence on the proper functioning of natural hormones 
(transport, absorption, etc.) what can lead to disruption in organism’s hormonal 
management. Recently, many animal species (especially aquatic organisms) are 
showing signs of ill health due to exposure to endocrine disrupting chemicals. 
Therefore the necessity to determine the presence and concentration level of those 
compounds in various complex sample matrices is required. The complexity of those 
samples forces the need of pretreatment stage proceeding. It means that isolation of 
the target substance and/or removing of the interfering molecules before the final 
analysis have to be proceed. This step must also bring the analyte of interest to a 
suitable concentration (detection) level, because in most cases they are present in the 
samples in trace amounts.  
In this presentation the sample cleanup methodologies used in recent years in the 
analysis of endocrine disrupters, especially the group of alkylphenols and 
phytoestrogens from various complex matrices (body fluids, food and environmental 
samples, etc.) will be described. The review will include the comparison of applied 
sample pretreatment methods, taking into account both selectivity and efficiency of 
enrichment procedure, the method automatization, recovery values as well as level of 
detection and quantification. Additionally, the analytical procedures considering the 
analysis of EDCs that have been developed in our laboratory (such as membrane 
extraction and solid phase extraction using molecularly imprinted polymers, etc.) will 
be presented too. 

Keywords: endocrine disrupters, sample pretreatment, complex matrices, isolation 
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Fraud in the area of food products might include (i) dilution with water, (ii) undeclared 
adulteration with other, cheaper materials, and (iii) non-compliance with the declared 
geographical, animal or plant origin, all of which are typically done to maximize profit 
by giving false descriptions. Thus, authenticity control of food products is of ever-
increasing importance due to growing globalized markets and often large prize 
differences between original products and their substitutes. A differentiation, e.g. 
between synthetic and natural products by concentration analysis is often hardly 
possible. In such cases compound-specific isotope analysis (CSIA) is nowadays a 
major tool for authenticity control testing.  Especially during the last ten years, CSIA 
was enhanced by coupling of isotope ratio mass spectrometry with liquid 
chromatography (LC-IRMS). In combination with high temperature liquid 
chromatography it is possible to determine the carbon isotopic signature of polar 
compounds, such as caffeine or sugars directly from the complex matrix.  

 
Keywords : Compound-specific isotope analysis, LC-IRMS, Authenticity Control 
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While chromatographic techniques dominate in many fields of modern analytical 
chemistry, the areas where capillary electrophoresis (CE) is routinely used are much 
more restricted. Nevertheless, the separation mechanisms encountered in CE make it 
a viable alternative that provides information complementary to chromatography. 
The absence of a stationary phase allows efficient separations of analytes that 
commonly undergo ill-defined adsorption on a stationary phase when using liquid 
chromatographic (LC) techniques. A typical example is the separation of hindered 
amine light stabilizers (HALS) which are frequently used as additives in plastic 
materials. HALS may be mixtures of different oligomers and are quite difficult to 
separate on common LC stationary phases. On the other hand, CE after appropriate 
optimization allows separation and even identification with mass spectrometric (MS) 
detection. 
CE can also take advantage of sheath liquid chemistry occurring in the interface 
between CE and MS. Thereby, isotope exchange reactions or selective redox reaction 
may be used that lead to characteristic signals in MS and help to confirm the identity 
of analytes. This approach has been used to characterize various polyphenolic 
compounds acting as antioxidants in plant materials. 
Finally, due to the small volumes encountered in CE, even efficient on-line 
photochemical reactions are possible that can lead to UV-absorbing products from 
analytes normally not suited for direct UV detection. MS detection may help to 
understand the mechanisms responsible for such light-induced reactions. As an 
application, the separation of carbohydrates with direct UV detection is demonstrated 
and the results from MS detection of the products responsible for UV detection are 
shown. 
 
Keywords: capillary electrophoresis, mass spectrometry, hyphenation, separation science 
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Cyclic peptide cyanobacterial toxins, in particular Microcystis aeruginosa, pose a serious health risk to 
humans and animals alike [1], [2].  Occurring mostly in fresh and brackish water, they have been 
identified to cause cancer promotion and liver damage [3]. Herein, we describe a portable, 
microfluidic-based system for in-situ detection of algal toxins in fresh water.  
 
The Atalanta system is a novel, portable and sample-to-answer platform for the detection of toxic 
cyanobacteria – Microcystin-LR in fresh water. Atalanta utilises the partnership of highly-specific 
recombinant chicken anti-microcystin antibodies, prepared in-house, with a 3D-printed 
‘LASER-photodiode’ fluorescent detection method, also developed in-house. A competitive 
immunoassay format is utilised to detect free toxin. Furthermore, dissolvable-film (DF) based 
flow-actuation facilitates full assay integration. This new approach will form the basis of a cost efficient, 
USB-controlled water quality monitoring system. 
 
The Atalanta detection system consists of two components; the microfluidic Atalanta disc and the 
disc-holder. The Atalanta disc-holder was fabricated and assembled from a 3D-printed casing, with 
electronic components housed in device. The 5-layered microfluidic disc consists of five reservoirs, 
each with a separate ventilation, aligned radially with inter-connected microchannels. Each reservoir 
represents a functional assay step. First, microcystin conjugate is coated to the functionalised surface of 
the reservoir 3 prior to assembling the disc. A freshwater sample in reservoir 1 is pre-incubated with 
recombinant antibodies labelled with fluorophore (Alexa 647) in reservoir 2. This is then spun into 
reservoir 3 for detection through a competitive immunoassay using Microcystin-LR. Low fluorescence 
signal indicates high Microcystin-LR concentration in the sample. 
 
Word count: 249   (max. 250 words) 
References: 
[1] C. MacKintosh, et al., “Cyanobacterial microcystin-LR is a potent and specific inhibitor of 
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The separation and characterization of particles is needed in biochemistry, 
macromolecular chemistry, nanotechnology, environmental studies, etc. Field-flow 
fractionation (FFF) can be considered as the most powerful and versatile fractionation 
and sizing method applicable to marcomolecules and particles. However, 
conventional FFF separations occur in thin channels and the maximum sample 
loading is usually less than 1 mg. The fractionation in a rotating coiled column, which 
can be attributed to sedimentation FFF, enables the handling sample weight to be 
increased at least up to 1 g. 
The method was applied to the separation of soils into silt, clay and sand fractions. 
Determining elements species in each size fraction enables a detailed pattern of the 
distribution of toxic elements in soils to be obtained. Recently nano- and submicron 
particles of street dust have been separated, weighted, characterized by electronic 
microscopy, and quantitatively analyzed by ICP-AES and ICP-MS (after digestion). It 
is shown that the concentrations of some elements that may be of anthropogenic 
origin (Cr, Ni, Zn) in the finest fraction (<300 nm) of street dust can be one order of 
magnitude higher than the concentrations of elements in bulk sample. The proposed 
approach also allowed us to evaluate an uneven distribution of heavy metals and 
arsenic in nano-, submicron, and micron particles of volcanic ash samples and dust 
collected near a metallurgic plant. 
It can be concluded that FFF in rotating coiled columns is a powerful tool for the risk 
assessment related to toxic elements associated with environmental nano- and 
submicron particles. 

 
Keywords: field-flow fractionation, rotating coiled column, dust, ash, nano- and submicron 
particles, quantitative elemental analysis. 
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Marine dissolved organic matter (DOM) represents a carbon reservoir comparable to 
atmospheric CO2 (750 Gigatonnes). Atmospheric CO2 is a primary product of DOM 
mineralisation, therefore an intimate link exists between each. DOM is extremely 
complex, including carboxylic-rich alicyclic molecules (CRAM), molecules derived 
from linear terpenoids, amino acids, lipids, carbohydrates, and peptides. Due to its 
complexity and compositional heterogeneity (being highly dependent on source and 
extraction conditions), DOM quantification and characterisation is extremely 
challenging, and multidimensional analytical approaches are required to understand 
the true nature of this material. Herein, a comparative study on marine DOM 
extraction was carried out using separate solid-phase extraction (SPE) phases, 
namely polystyrene divinylbenzene (PS-DVB), C18-functionalised silica and 
phenyl-hexyl-functionalised silica. For quantification, high performance counter 
current chromatography (HPCCC) was used, providing a means for accurate 
evaluation of extraction efficiencies. HPCCC chromatograms with UV and evaporative 
light scattering detection revealed a single retained Gaussian peak for the bulk of the 
DOM, which could be quantified following extraction of as little as 1 L of original 
seawater sample. Highest recoveries were obtained for samples extracted from 
PS-DVB sorbent. 
Isolated DOM was characterised using multidimensional nuclear magnetic resonance 
and reversed-phase HPLC-high resolution mass spectrometry. Both techniques 
revealed the extraction phases studied exhibited differing selectivity towards the 
various classes of compounds comprising DOM. DOM from 
phenyl-hexyl-functionalised silica was richer in aromatic moieties, whereas the 
sample obtained from C18-functionalised silica was enriched in CRAM. Furthermore, 
van Krevelen diagrams of LC/MS data provided different m/z ranges within the CRAM 
distribution.  

 
Keywords: high performance counter current chromatography, dissolved organic matter, 
solid phase extraction, and reversed-phase liquid chromatography - high resolution mass 
spectrometry. 
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Male birds of egg-laying hen strains have no commercial value; therefore they are 
culled in the first day after hatching. This practice is more and more in the focus of 
criticism as unethical. Therefore sensitive and reliable methods for rapid sexing of eggs 
are of increasing importance. Fourier transform infrared (FT-IR) and Raman 
spectroscopy are such techniques which can provide sex specific information under in 
ovo conditions.  
Here we demonstrate that FT-IR and Raman spectroscopy enables to determine in 
ovo the sex of domestic chicks (Gallus gallus domesticus) in a very early stage of egg 
incubation.  
More than 200 eggs at day 3.5 of incubation were investigated. After egg shell 
windowing, the spectra were acquired from the blood circulating in the extraembryonic 
vessels. Blood cells of male embryos exhibit a significantly higher amount of nucleic 
acids than those of female ones. Furthermore, the profiles of lipid and protein bands 
show significant spectral differences between both sexes. By using a supervised 
classification method, the sex is retrieved with an overall accuracy of 93%.  
Polymerase chain reaction (PCR) was used as a reference method to determine the 
sex.  
As the optical measurements are non-destructive, the eggs could be further incubated 
until hatching. The hatching rate was slightly lower than the rate of the reference class. 
The results demonstrate that molecular spectroscopy offers a real possibility for an 
industrial in ovo sexing of domestic chicks.  
 

 
Keywords: Molecular Spectroscopy, Biospectroscopy, in-ovo, Sexing eggs 

O001

45 sur 745



 
 
Enhanced Raman spectroscopy of biomolecules and pharmaceuticals 

 
Torsten Frosch1,2,3, Di Yan1, Anne Bachmann1, Tobias Jochum1, and Jürgen Popp1,2,3  
 
1 Leibniz Institute of Photonic Technology, Albert-Einstein-Str. 9, 07745 Jena, Germany 
2 Institute for Physical Chemistry, Friedrich Schiller University, Helmholtzweg 4, 07743 Jena, Germany 
3 Abbe Center of Photonics, Friedrich Schiller University, Max-Wien-Platz 1, 07743 Jena, Germany 

 
Enhanced Raman sensing is presented for versatile and sensitive analysis of 
biomolecules and important pharmaceutical drugs. Elaborated micro-structured optical 
fibers guide the light with very low losses within their hollow core and provide at the 
same time a miniaturized sample container for the analytes [1-3]. Thus, fiber enhanced 
Raman spectroscopy (FERS) allows for chemically selective detection of minimal 
sample amounts with high sensitivity.  
This work demonstrates the great potential of enhanced Raman spectroscopy for 
chemical selective detection of pharmaceutical drugs at clinically relevant levels. A 
combination of FERS and UV resonance Raman spectroscopy was applied for the first 
time for tracing two important antimalarial drugs chloroquine (CQ) and mefloquine (MQ) 
down to concentrations as low as 0.5 µM and 2.5 µM, respectively [1]. The required 
sample volume is extremely reduced due the compact dimension of the fiber hollow 
core. The absolute quantities of analytes that could be detected was 95 pmol MQ and 
19 pmol CQ [1]. The intensities of the Raman bands of the drugs show excellent 
linearity with the drugs concentration over several orders of magnitude. Thus this 
technique is suitable for continuous online monitoring of pharmaceuticals. 
 
Acknowledgement: Funding by the Collaborative Research Centre 1076 “AquaDiva” from the 
Deutsche Forschungsgemeinschaft (DFG) is gratefully acknowledged. 
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Process control is a major challenge for the chemical industry to ensure product quality, cost 
control, risk control and productivity. It is also essential for a better understanding of the process. 
Complex environment like precipitation products or slurries require specific analytical 
techniques for both chemical and physical characterizations. 
Visible and near infrared spectroscopy (VNIRS) is relevant to provide physicochemical 
information about the analyzed product. Moreover, this technology is suitable for in line or at 
line measurements as acquisitions are fast and can be performed with little or no sample 
preparation.  
In the case of complex samples which both absorb and scatter light, it is necessary to implement 
better spectral measurements to improve the extracted information quality and therefore to 
optimize the process monitoring. 
The aim of this study is to test and compare the performances of 4 different optical set-ups 
providing different spectral measurements during a precipitation reaction: (i) a double-beam 
laboratory spectrometer, (ii) a custom double integrating spheres (DIS) system, (iii) an optical 
setup based on Light Polarization Spectroscopy and finally, (iv) a Spatially Resolved 
Spectroscopy probe placed on-line. All these techniques provided us with multiple spectral 
information, which allowed us to solve optical transfer models and thus to access scattering and 
absorption coefficients. 
Results show that for every complex mixtures, there are specific light –matter interactions. 
From this study the best way to acquire a slurry spectrum was determined so as to extract 
physicochemical characteristics and to fully monitor the process. 

 
Keywords: visible near infrared spectroscopy, absorption, scattering, process optimization. 
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Cleaning products and laundry detergents market has been constantly growing for 
several years. The legislative context and consumer’s expectations require more 
environmentally friendly products. To ensure the product quality and composition, 
qualitative and quantitative analysis methods are thus required. However, laundry 
detergents contain up to 25 compounds which makes sample preparation and 
analysis difficult. 
In this study, we focused on surfactant identification and quantification. These 
compounds represent the main part of detergent formulation with percentage up to 
40%. Four surfactants classically used in laundry detergents were thus mixed to 
obtain 29 different mixtures. Samples were analyzed by Raman spectrometry. Three 
criteria were taken into account for Raman spectroscopy choice: little sample 
preparation, fast analyses and insensitivity to water in our mixtures. To identify and 
quantify each surfactant, two blind source separation (BSS) methods were evaluated 
on the acquired Raman spectra. The two BSS methods were Multivariate Curve 
Resolution – Alternating Least Squares (MCR-ALS) and Independent Component 
Analysis (ICA). According to a design of experiments (DOE), influence of spectra 
preprocessing methods was investigated, as they can impact the predictive power of 
BSS methods. First results were quite satisfying. Raman analyses coupled to BSS 
methods are really interesting in the case of surfactant mixture deformulation. These 
promising results allow expecting surfactant identification and quantification from real 
detergent samples. 
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We describe an infrared (2 to 6 µm) multispectral imaging spectrometer capable to 
simultaneously monitor up to 80000 spectra and temperature mapping in less than 3 
minutes. In previous paper, the Fast Infrared Spectral Imaging Technique (FIIST) was 
presented (doi:10.1016/j.infrared.2014.12.005), based on a Bentham monochromator for 
the sample analysis combined with an FLIR infrared InSb cooled camera as sensor. In 
this paper, the temperature measurement by using proper emission is added in order 
to study chemical reaction or phase change where both concentration and 
temperature evolved. First the set up will be presented; then, measurements collected 
with this set-up are presented and discussed, emphasizing the resolution (spatial and 
temporal), the accuracy and the capabilities of the instrument. Then an application of 
simultaneous multispectral and temperature dynamic measurement of phase change 
on paraffin material will be performed in transmission mode. 

 
Keywords: IR imaging, Temperature measurement, multispectral imaging 
 
 
Acknowledgements: The authors gratefully acknowledge L. Lyons and S. Magness from 
Bentham for their technical and scientific support. This research is based upon work 
supported by the CNRS national science foundation under grant “Instrumentation aux limites” 
No.47570. 

O005

49 sur 745

http://dx.doi.org/10.1016/j.infrared.2014.12.005


 
 

MASS SPECTROMETRY REVEALS NEW ANTIVIRAL INHIBITORS 
TO INFLUENZA NEURAMINIDASE 

 
Kevin M. Downard, Patrick Müller, and Kavya Swaminathan 
 
University of New South Wales, Sydney, NSW 2052, Australia 

 
Neuraminidase inhibitors are the only class of antiviral drugs currently approved for 
use against the influenza virus. They bind within the active site of the enzyme on the 
surface of the virus particle and, in doing so, inhibit its sialidase activity. This prevents 
the release of progeny viruses from the infected host cells. 
Increased resistance within circulating influenza strains to the current antiviral drugs, 
oseltamivir and zanamivir, has prompted the development of inhibitors that bind in the 
vicinity of residue 430, a secondary sialic acid binding site adjacent to the active site 
comprising the 150-loop region. 
We have identified several classes of compounds, including anthocyanidins and 
catechins, that bind to this region of the enzyme as evidenced by a novel mass 
spectrometry based approach, originally developed in this laboratory to assess the 
antigenicity of the virus. 
A combination of sialidase activity assays with confocal microscopy, inhibition assays, 
computer-based molecular docking and mass spectrometry have examined the site 
and nature of the binding of these compounds to influenza neuraminidase and the 
effect of substituents on that binding.  
In the case of the anthocyanidins, subtle differences in the number and position of the 
hydroxyl substituents of the phenyl group attached to the chromenylium ring, result in 
different binding characteristics as revealed by mass spectrometry and molecular 
docking that are in accord with their inhibitory properties. 
The compounds hold much promise as initial scaffolds from which to develop new 
potential antiviral inhibitors to the influenza virus. 
(243 words) 
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2 Laboratory Bordeaux Sciences Agro (BSA), Gradignan, 33170, France 
3 Laboratory Bordeaux Sciences Agro (BSA), Gradignan, 33170, France 

  
Inflammatory bowel diseases (IBD), including Crohn’s disease and ulcerative colitis 

(UC), are chronic, relapsing inflammatory conditions of the gastrointestinal tract. CD 
mainly affects the ileum whereas UC mainly affects the colon.  

Imaging Mass Spectrometry (IMS) using Matrix Assisted Laser Desorption 
Ionization is a recent analytical methodology that combines the advantages of mass 
spectrometry detection and imaging, as it allows the localization of various types of 
molecules directly on cryo-sections of tissues and their identification. Thus, we have 
developed an imaging mass spectrometry method adapted to the analysis of tissue 
alteration in the digestive tract, with the objective of comparing these tissues in 
healthy and obese mice.  

Dissected mouse intestines were coated with carboxy-methyl cellulose in order to 
obtain adequate samples for imaging. Cross-sections of ileum and duodenum, as well 
as longitudinal sections for a focus on the inner wall (10-12 µm thickness) were 
performed using crystat. Matrix was sprayed on dried tissue sections by means of a 
robot for an accurate control of homogeneity and thickness (ImagePrep, Bruker). 
Mass spectra were acquired with a MALDI-Tof-Tof instrument (Ultraflex, Bruker) with 
an average lateral resolution of 80µm. Spectral acquisition was focused on lipid 
species.  

Lipid imaging of sections allowed the identification and characterization of the 
distribution of phosphatidylcholine species on the inner wall of the intestine. 
Characterization of an exhaustive lipid directory will be helpful in the objective of 
understanding inflammatory response mechanisms and deciphering the effects of 
probiotics.  

 
Keywords: mass spectrometry, imaging, bowel diseases, probiotics  
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LC-MS/MS LIPID MEDIATOR ANALYSIS.  APPLICATION TO RAT BRAINS 

 
Guichardant M. Jouvene C., Fourmaux B., Letisse M., Bernoud-Hubac N. Lagarde M.  

 
Université de Lyon, Laboratoire Cardiovasculaire, Métabolisme, diabétologie et Nutrition (CarMeN), 
Inserm UMR 1060/INRA UMR 1397/Université Lyon 1/INSA-Lyon; IMBL; Villeurbanne, France   

 
Lipid mediators are chemical messengers synthesized from membrane lipids in 
response to cell stimulation or injury. They play important roles in cell communication 
because they modulate cellular responses such as the growth arrest, differentiation, 
adhesion, and migration. At the brain level, lipids are involved in stroke and 
neurodegenerative diseases such as Alzheimer, Parkinson…, and brain lipid 
mediators derive mainly from the two most abundant polyunsaturated fatty acids: 
docosahexaenoic (DHA) and arachidonic (ARA) acids.  The oxygenated metabolites 
from ARA include prostanoids, monohydroxylated fatty acids, leukotrienes, lipoxins, 
whereas lipid mediators from DHA are monohydroxylated fatty acids, resolvins, 
protectins, and maresins. Their analysis is complicated due to the great number of 
stereoisomers with close polarities. Their characterization in brain has not been 
reported yet, except for a partial profile of ARA oxygenated derivatives. Here we 
described a LC-MS/MS technique which allows performing the brain lipid mediator 
lipidomics. Quantitation was done using internal standards labelled with stable 
isotopes.  

Results indicate that it is important to use brains from exanguinated rats to avoid 
substantial contamination by blood. In exanguinated brain, 15- and 5-lipoxygenase 
end-products were the major derivatives detected from both ARA and DHA, those 
from DHA being in greater extent. Interestingly, protectin DX is present in brain in 
greater amount than protectin D1, previously called neuroprotectin D1  

 Further analyses will be performed in blood and brains of rats with experimental 
stroke, and with aged rats in order to determine the most relevant lipid mediators as 
landmarks of disease onsets. 

 

 
Keywords: brain, lipid mediators, LC-MS/MS  
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LIPIDOMIC PROFILING OF RETINOBLASTOMA CELLS BY APCI/ESI-MS 
 
Donia ESSAID 1,2, Audrey SOLGADI3, Athena KASSELOURI 2, Véronique ROSILIO1 , Pierre 
CHAMINADE2 

1 UMR CNRS 8612, Institut Galien, Univ. Paris-Sud 
2 Lipides Systèmes Analytiques et Biologiques Lip(Sys)², Univ. Paris-Sud 
3 Institut Paris Saclay d'Innovation Thérapeutique (IPSIT), UMS IPSIT UPSud - US 31 Inserm 

-  UMS 3679 CNRS 

 
Retinoblastoma is an eye cancer that mainly affects children.  It could be treated by 
photodynamic therapy, which is based on the intravenous injection of photosensitizers 
like porphyrins, and subsequent illumination of the tumor. It has been demonstrated 
recently that some porphyrins are translocated passively into cancerous cells 
(unpublished work). Thus, it becomes interesting to investigate porphyrins interaction 
with cell membrane lipids, an interaction that highly depends on membrane lipid 
composition.  
Our current work aims at determining the lipid composition of plasma and mitochondrial 
membranes of the retinoblastoma cell line Y79, and comparing it to the  human retinal 
cell line ARPE-19. Our approach consists in lipid extraction from mitochondria and 
plasma membranes following cell fractionation. We have analyzed the lipid extracts by 
liquid chromatography coupled to high-resolution mass spectrometry. Lipids were 
separated on a PVA-Sil® column and detected by a Corona-CAD®, that was used for 
quantitative evaluation of the major classes of lipid metabolites. The mass 
spectrometer is equipped with a linear ion trap for fragmentation at low resolution and 
an Orbitrap® for high-resolution detection. This allowed the identification, and the 
qualitative determination of the different polar and non-polar lipid species. Detailed 
analysis of lipid species appeared to be challenging due to their structural diversity. 
The results of the lipidomic analysis were used to build artificial lipid monolayers with 
compositions that imitate the plasma and mitochondrial membranes. The visco-elastic 
properties of these monolayers were determined by surface pressure measurements 
using a Langmuir trough, and compared to those of the lipid extracts. 
  
 
Key Words: Retinoblastoma, Lipidomic, cell culture, High-resolution mass 
spectrometry 
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2D-IMMUNOCHROMATOGRAPHY AND MULTICOLOR 
IMMUNOCHROMATOGRAPHY AS TOOLS FOR MULTIANALYTE ASSAYS 

 
Nadezhda Taranova, Anna Berlina, Alexandr Urusov, Anatoly Zherdev, Boris Dzantiev 
 
A.N. Bach Institute of Biochemistry, Federal Research Centre «Fundamentals of Biotechnology» of the 
Russian Academy of Sciences, Moscow 119071, Russia 

 
Immunochromatography is widely used as a rapid and non-labour-intensive analytical 
technique, because of the contact between immunochromatographic test strip and a 
sample initiates all subsequent interactions. However, manufactured 
immunochromatographic tests are suitable for the detection of one or a few 
substances. We have suggested two ways for simultaneous multianalyte detection 
with one test strip, i.e. application of several coloured markers or spatially separated 
binding zones. 
New geometry of test strips was proposed, where the binding zones comprise an 
ordered array of several tens of spots regularly arranged as horizontal and vertical 
rows (2D-immunochromatography). The spots differ in specificity or concentrations of 
immobilized reactants. The number of spots in the test zone may be increased up to 
100. 
An alternative approach is based on the use of several fluorescent labels to form 
detected complexes for different analytes. The application of quantum dots as the 
labels provides 10-20-fold increased sensitivity and simple visual control of each 
analyte. 
Main advantages of the offered formats of immunochromatography are reaching high 
productivity and reduction in the consumption of reactants. The both assay formats 
were implemented to multiplex assays of veterinary drugs and mycotoxins in different 
food stuffs. The assays are characterized by rapidity (10 min) and good sensitivity in 
the accordance of food safety regulations. The use of portable optical detectors 
provide quantitative assay of contaminants with good reproducibility (SD is <10%)  

 
Keywords: immunochromatography, multiparametric immunoassay, antibiotics, mycotoxins 
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SPRING SCHOOL FOR INDUSTRIAL ANALYTICAL CHEMISTRY 

 
Michael Arlt1, Martin Vogel2, Frank Michael Matysik3 and Klaus-Peter Jäckel 
 
1 Merck KGaA, Frankfurter Straße 250, 64293 Darmstadt, Germany 
2 University of Münster, Institute of Inorganic and Analytical Chemistry, Corrensstr. 28/30, 48149 Münster, 
Germany 
3 University of Regensburg, Institut für Analytische Chemie, Chemo- und Biosensorik, 93040 
Regensburg, Germany 

 
Analytical Chemistry is one discipline that assures the functionality of chemical 
products in the hands of customers. In the industrial environment, chemists are 
experiencing a different emphasis on certain subjects compared to universities, e.g. 
regulations such as DIN ISO, Good Manufacturing Practice play a bigger role. In 
addition the robustness of a method might be more important than its scientific 
sophistication. 
About five years ago, the Division of Analytical Chemistry of the German Chemical 
Society (Gesellschaft Deutscher Chemiker, GDCh) together with its Working Party 
“Industry Forum” have initiated the Spring School for Industrial Analytical Chemistry. 
About 30 students are selected and invited to the annual 2-week course, which is held 
at different research institutions each year. The lecturers have been recruited from the 
German chemical industry to teach about subjects being significantly relevant for 
industrial analytical chemistry. In addition to the course an internship in the 
participating companies is offered to most of the students  
In this talk we will outline the setting of the course and discuss experiences with this 
setting. 

 
Keywords: Industry, Industrial Analytics, Education 
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International Master´s Programs for teaching Analytical Chemistry: 
The Franco (Pau) – Spanish (Oviedo) case 

 
Jorge Ruiz Encinar1, Brice Bouyssiere2, Florence Pannier 2 
 
1 Department of Physical and Analytical Chemistry, University of Oviedo, Oviedo, 33006, Spain 
2 Laboratoire de Chimie Analytique Bio-inorganique et Environnement, Université de Pau et des Pays de 
ĺ Adour, Pau, 64053, France 

 
Under the Bologna process, students receive a broad education in chemistry at 
undergraduate level and concentration on specific areas of study occurs in the more 
specialized master classes. Of course, beyond the basic scientific knowledge and 
skills, master students should meet the requirements of the job market from a 
long-term perspective. This is the main goal of the master courses taught in Oviedo 
(Spain) and Pau (France). Fortunately, analytical chemistry platforms at both 
universities are large enough to offer excellent master programs in analytical 
chemistry that fulfill all of the above-mentioned requirements. However, a 
well-assembled consortium can be even stronger to provide better human and 
material resources. Of course, such consortia must face the challenge of 
harmonization of their master programs. In this context, collaboration and agreements 
between Spanish and French masters can become complex due to the severe 
differences in their Higher Educational Frameworks, France (3+2) and Spain (4+1). 
One answer to this problem is a Double Diploma Agreement. In addition to the 
obvious advantage of getting another international Diploma, the students participating 
are expected to develop further a range of the required soft skills at the Master level 
such as communication, foreign language, leadership, flexibility, adaptation to 
changing situations and interaction with persons from other environments/disciplines. 
Interestingly, such skills are often present in most of the top employability skills lists. 
In this presentation, we will introduce both Master´s Programs, the Double Diploma 
agreement finally reached and the academic and personal accumulated experience in 
the last three years.  

 
Keywords: Master´s program, Double Diploma. 
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ANALYTICAL SKILLS REQUIRED BY UK COMPANIES AND THEIR 
DEVELOPMENT IN CHEMISTRY DEGREE PROGRAMMES 

 
Mark Powell1,2 

 
1 Mark Powell Scientific Limited, Neston, CH64 9XA, UK 
2 Analytical Division Council, Royal Society of Chemistry, Cambridge, CB4 0WF, UK 

 
The Royal Society of Chemistry’s Analytical Division Council (RSC ADC) is currently 
focusing on a number of strategic areas, including the formal education and continuing 
professional development of analytical chemists. A number of reports (the earliest in 
1980) have been published concerning the teaching of analytical chemistry in UK 
university chemistry departments. RSC ADC has consulted both UK industrialists and 
academics in an attempt to gauge the current situation.  The results of these 
consultations will be presented, together with a summary of previous research in this 
area. 
 
Keywords: Education, CPD, employment, skills 
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WHY ALL POST-GRADUATE SCIENCE MASTERS 

STUDENTS SHOULD KNOW WEB OF KNOWLEDGESM? 
 

 
TITLE OF YOUR ABSTRACT 

 
  
Hernandez Coronado, Jorge1, Martinez Canovas, Francisco José2 
 
1 Consejería de Educación, Formación y Empleo, Murcia, 30005, Spain 

1 Consejería de Sanidad, Murcia, 30005, Spain 

 

Web of Knowledge (WOK) is an academic citation indexing and search service, which is 

combined with web linking and provided by Thomson Reuters. Web of Knowledge coverage 

encompasses the sciences, social sciences, arts and humanities. It provides bibliographic 

content and the tools to access, analyze, and manage research information. It has the attribute 

that multiple databases can be searched simultaneously. Some useful tools like Web of 

Science (WOS), Journal citation report, endnote, my research and so on are used widely by 

scientifics in their daily investigator activity. 

The aim of this work is to introduce science masters students to platform Web of Knowledge 

through collaborative work between them. Teaching is made by using a course developed 

under the e-learning platform Moodle. 

To the best of our knowledge, no papers dealing with different educational aspects of WOK 

have been reported  

The proposed study is suitable as teamwork exercise for enhancing some concepts and is also 

useful to instructors by providing information and feedback on the degree of assimilation of 

the taught material by the masters students. The study applies to graduated students interested 

at wastewaters treatment, green chemistry and chemical instrumental analysis for enabling 

themselves look for relevant information in Web of Knowledge. 

 
Keywords: e-learning, chemical education research, cooperative learning. 
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Analysis of the ethoxylation number in surfactants industry 

 
Christophe Flinois, Christophe Gironis and Thierry Beaudouin 
 
R&D analytical laboratory, Stepan Europe, Voreppe, 38341, France 

 
In surfactants industry, ethoxylation is widely used to produce alcohol ethoxylates (AE) 
and alkylphenol ethoxylates, which are the raw materials of alkyl ethoxy sulfates and 
ethoxylated alkyl phosphate esters. The characterization of ethoxylation number (EO) 
has been studied in our laboratory for many years and we finally developed a strategy 
to analyze this ethoxylation number. Based on the class of the surfactants, we have 
studied the strengths and weaknesses of the various analysis techniques available. 
We used TFIR, GC, HPLC, MS and the new IMS technology to determine the EO 
number of various alcohol ethoxylates, ethoxylated alkyl phosphate esters and, 
propoxylated ethoxylated alkyl phosphate esters. IRFT is an easy and affordable 
analytical technique used to determine the global EO number of alcohol ethoxylates. 
Moreover, IMS is a powerful and expensive technique used to analyze ethoxylated 
mixtures in order to calculate the EO and PO numbers for each compound. 
 
 

 
Keywords: ethoxylation number, surfactant, FTIR, HPLC, GC, MS, IMS 
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ASYMMETRICAL FLOW FIELD-FLOW FRACTIONATION FOR 
CHARACTERIZATION OF ULTRA-HIGH MOLAR MASS (UHMM) POLYMERS 

 
Charlène Schmitt1, Aurora Mejia1, Gaëtane Lespes1, Stéphanie Reynaud1, Bruno Grassl1 
1 University of Pau et les Pays de l’Adour/CNRS 
IPREM, UMR 5254, Hélioparc, 2 avenue Angot, 64000 PAU, France 

 
Influence of molar mass distribution and size distribution on the properties of polymers 
is still a domain of expertise that needs to be developed to better understand and 
predict their final properties. In this study, we focus on synthetic water-soluble polymers 
(average molar mass, Mm > 106 g/mol) having a wide range of industrial applications. 
Among these polymers the polyacrylamide (PAM) is the most representative. Because 
of their high molar mass, their characterization remains very challenging. 
To meet this challenge, we have chosen to develop an analytical strategy based on 
Asymmetrical Flow Field-flow fractionation (A4F) coupled with Multi-Angle-Light-
Scattering detector (MALS), using polyacrylamide (PAM)-based polymer standards 
with a wide range of molar mass. Indeed, A4F is intrinsically and efficient separation 
technique. However, it needs having a set of standards, which also represents a 
challenge to meet. For that, various polymers, ranging from 104 to 107 g/mol and 
dispersity indexes as low as 1.4, were successfully obtained by using the controlled 
radical polymerization (Reversible Addition Fragmentation chain Transfer and 
Macromolecular Design via the Interchange of Xanthates (RAFT MADIX)) and by 
optimizing the reaction parameters. 
The potential of A4F-based method was evaluated for mass characterization of UHMM 
polymers. This was achieved by considering the different operating parameters of the 
fractionation technique, from the injection to the elution. The accuracy and robustness 
of the method were verified using Size Exclusion Chromatography as reference 
method. The results obtained confirm that A4F is relevant to determine the molar mass 
distribution, especially in terms of selectivity. 

 
Keywords: Polymer separation, Molar mass distribution 
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CHARACTERIZATION OF BIOMASS AND BIOCHAR BY LDI-FTICRMS: EFFECT 

OF THE LASER WAVELENGTH AND RAW BIOMASS MATERIAL 

 
Thierry Ghislain,1,2 Vincent Carré,1 Jasmine Hertzog,1 Alexandre Sonnette,1 Yann le Brech2, 
Anthony Dufour,2 Guillain Mauviel,2 and Frédéric Aubriet1 
 
1 LCP – A2MC, Université de Lorraine, Metz, France 
2 LRGP, CNRS, Université de Lorraine, ENSIC, 1, Rue Grandville, 54000 Nancy, France 

 
The fast pyrolysis process of the lignocellulosic materials to convert biomass into 
bio-fuels is a very promising technique but is still poorly known. To increase our 
knowledge on biomass pyrolysis, the characterization of different biomass raw 
materials (douglas, miscanthus) and, on the biochar generated by fast pyrolysis of 
miscanthus by laser desorption ionization Fourier transform ion cyclotron resonance 
mass spectrometry (LDI–FTICRMS) with different instrumental parameters was 
undertaken. The influence of some experimental conditions (laser wavelength and 
laser fluence) was investigated. The dependency of the nature of studied sample 
(douglas vs miscanthus and raw miscanthus vs biochar of miscanthus) on the 
obtained mass spectra was also considered. 
The parameters used to conduct the laser desorption/ionization phenomenon were 
found to be highly critical on the nature and origin of the observed ions. In the softest 
laser-biomass interaction conditions, the detected ions were specifically connected to 
the nature of the investigated biomass. When harder laser irradiation condition were 
used, the obtained mass spectra gathered the ions relative to (i) the chemical 
components of the investigated samples, (ii) the recombination products of these 
species in the gas phase after their ejection from the sample surface and (iii) the 
compounds produced by laser pyrolysis of the sample. In this latter case, the results 
were significantly complicated but significant and relevant information on the pyrolysis 
event may be obtained. The comparison of the results observed for the different kinds 
of biomasses with those of the corresponding bio-oils was useful to investigate the 
pyrolysis phenomenon. 

 
Keywords: Bio-fuel, Pyrolysis, FTICRMS, Laser desorption/ionization 
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New opportunities in lignocellulosic hydrolyzate characterization using 
HPAEC-PAD 

 
Nico Anders1, Harald Humann1 and Antje C. Spieß1,2 
 
1 AVT-Enzyme Process Technology, RWTH Aachen University, Aachen, Germany 
2 DWI – Leibniz Institute for Interactive Materials, Aachen, Germany 

 
Lignocellulosic hydrolyzates are a complex mixture as they contain both soluble 
oligomeric and monomeric fragments from the four natural polymers cellulose, 
hemicellulose, pectin and lignin and their degradation products. Typically, the 
complete characterization of such a hydrolyzate requires a range of analytical 
methods and a broad know how. As all common methods are limited to measure 
compounds originating from only one or two natural polymers our aim was to develop 
a HPAEC-PAD method which allows for characterization of compounds originating 
from all of these four natural polymer classes.  
Consistent with this aim 25 model compounds were used in order to find a clear 
separation of the compounds originating from the mentioned natural polymers and the 
degradation products. Therefore, the separation was investigated for temperature and 
eluent influence. The final method was set to a column temperature of 40°C and an 
eluent consisting of water, 100 mM NaOH, 200 mM NaOH and 100 mM NaOH with 
500 mM NaOAc leading to an overall run time of 70 minutes. The detection limits of 
the developed method range from 0.014 mg/L for 2,6-dimethoxyphenol to 21,9 mg/L 
for 4-methoxybenzyl alcohol.  
Consequently, the developed method was used for the characterization of 17 different 
lignocellulosic biomasses. These biomasses were hydrolyzed according to the 
NREL/TP-510-42618-procedure and subsequently analyzed for compounds from all 
natural polymer classes using the newly developed method [1].  
 
[1] Sluiter A., Hamas B., Ruiz R., Scarlata C., Sluiter J. and Templeton D.: 
Determination of structural carbohydrates and lignin in biomass, NREL/TP-510-42618, 
2008 
   

 
Keywords: HPAEC-PAD, ion chromatography, hydrolysis, lignocellulosic biomass,  
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USE OF CHEMOMETRIC TOOLS ON RAMAN HYPERSPECTRAL IMAGES TO 
STUDY COMPOUND DISTRIBUTION IN TABLETS 
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4 Irstea, UMR ITAP 361, avenue Jean-François Breton, 34033 Montpellier, France 

 
In recent years, chemical imaging has become an emerging technique that integrates 
conventional imaging and spectroscopy to combine spatial and spectral information 
from a sample. The use of Raman spectroscopy is particularly appreciated within the 
pharmaceutical research and development environment because of many advantages 
such as the rapidity of analysis, the non-destruction of the sample and the possibility 
to perform an analysis without using solvents.  
 
The spatial and spectral information contained in hyperspectral images can be 
associated with the compound distributions within the sample. This technology 
appeared as innovative and promising to ensure the final quality of the drug product 
from the development to the production. Chemical imaging generates a huge amount 
of data. Usually, the image cube is unfolded into a data matrix and to extract the 
maximum of information, it is necessary to use multivariate data analysis methods and 
spectral decomposition techniques.  
 
These methods are particularly well adapted for a usual pharmaceutical drug product 
which contains active and excipients. However, as they are mainly based on variance 
decomposition, limit of detection can be reached in the case of a low dose compound. 
Due to a weak spectral contribution and to spatial resolution limitations, the detection 
of a low dose compound may be viewed as a real challenge with usual Raman 
chemical imaging. New algorithm developments based on Independent Component 
Analysis or Multivariate Curve Resolution optimizations can be proposed as a 
promising alternative to identify and detect a low dose compound, providing very 
useful information to the pharmacist. 

 
Keywords: chemometrics, pharmaceuticals, hyperspectral imaging, Raman 
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DEVELOPMENT OF GREEN ANALYTICAL METHOD BY QUALITY BY DESIGN 

 
Karen Gaudin1, Ludivine Ferey1, Christine Bousses2 
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2 Analytical Innovation, Unither Développement Bordeaux, Le Haillan, France.  

 
Recent pharmaceutical regulatory documents have emphasized the importance of 
applying Quality by Design (QbD) concept for in-depth product and process 
understanding to ensure product quality by the design. QbD concept has been 
supported by the International Conference on Harmonization guideline Q8(R2).  
 
The goal of this present study is to demonstrate the usefulness of the QbD approach 
when applied to the development of separation methods in green analytical chemistry. 
The relevance of QbD and green analytical chemistry combination was emphasized 
by the case study of Active Principle Ingredient and its related substance analysis by 
UHPLC. Following a QbD approach, green chemistry principles were included in the 
analytical target profile to reduce environmental impact and minimize analyst 
exposure during a future routine use after the implementation of the method in 
pharmaceutical industry. First, a scouting phase enabled to select the stationary 
phase and the type of organic solvent. After applying quality risk assessment, the 
effects of selected critical process parameters on critical quality attributes (CQAs) 
were evaluated through a screening design. A response surface methodology was 
then carried out to model CQAs as function of the retained factors and the optimal 
separation conditions were determined by applying desirability functions to the 
modeled responses. Finally, focusing at quality risk management, the DS was 
computed as the multidimensional subspace where the CQAs fulfilled the 
requirements. The method was successfully validated by the accuracy profile 
approach and applied to a pharmaceutical product. 
 
 
[1] ICH Harmonised Tripartite Guideline. Pharmaceutical Development Q8(R2) (2009) International Conference on 
Harmonisation of technical requirements for registration of pharmaceuticals for human use. 
 
[2] Ph. Hubert, J.-J. Nguyen-Huu, B. Boulanger, E. Chapuzet, P. Chiap, N. Cohen, P.-A. Compagnon, W. Dewe, M. 
Feinberg, M. Lallier, M. Laurentie, N. Mercier, G. Muzard, C. Nivet, L. Valat, E. Rozet, Harmonization of strategies 
for the validation of quantitative analytical procedures A SFSTP proposal – Part II, J. Pharm. Biomed.l Anal. 45 
(2007) 70–81 
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TOWARDS A DATA PRE-PROCESSING STRATEGY 
 

 
Lutgarde M.C. Buydens,  
 
Radboud University Nijmegen, Institute for Molecules and Materials, P.O. Box 9010, 6500 

 
Data pre-processing is an essential part of data analysis, which aims to remove unwanted 
variation from the data in order to highlight variation of interest. Recently, we have shown 
that multivariate model performance is heavily influenced by pre-processing [1]. Current 
pre-processing selection approaches are time consuming and/or based on arbitrary choices 
that do not necessarily improve the model [1]. It is thus highly desired to come up with a 
novel, generic pre-processing selection procedure that leads to a proper pre-processing within 
reasonable time. In this presentation, a possible way to come up with such a pre-processing 
selection strategy will be presented. This strategy involves the use of experimental design to 
evaluate which pre-processing steps (e.g. baseline correction, scatter correction, …) increase 
model performance and should therefore be considered. After selection of the relevant 
pre-processing steps, a suitable pre-processing method (e.g. SNV, MSC, 1st derivative, …) 
should be chosen for each relevant step. An example of the strategy using near infrared data 
will be shown. 
This work is part of the ‘Analysis of Large data sets By Enhanced Robust Techniques’ project 
(ALBERT), which aims to develop generic strategies and methods to facilitate better and 
more robust chemometric and statistical analyses of complex analytical data. 
Reference 
1. Engel, J. et al. Trends in Anal. Chem., 2013, 50, pp. 96-106 
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DEVELOPMENT OF CHEMOMETRIC TOOLS FOR LC-MS OMIC DATA ANALYSIS 
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Liquid chromatography coupled to mass spectrometry (LC-MS) has evolved as a 
powerful analytical methodology widely used in some omic platforms, such as 
metabolomics. However, interpretation of LC-MS omic profiles appears as challenging 
for researchers since the obtained data contain thousands to millions of compounds to 
analyze. Therefore, there is an urgent need of developing fast, automatized and 
untargeted data processing methods to replace the traditional time-consuming 
targeted approaches.  
Progresses on building novel untargeted methods have been focused on new ways of 
data compression and feature detection. Proper compression of LC-MS data requires 
no loss of relevant information, e.g. spectral resolution. In addition, correct feature 
detection depends on the resolution of the profiling problems. However, despite the 
rapid avancing of bioinformatic tools, a commonly accepted untargeted method for 
LC-MS omic data analysis is still pursued.  
In this study, distinct valid methods for LC-MS omic data conversion, compression and 
processing are described. Concerning data compression, two distinct approaches are 
evaluated: the commonly used procedure of “binning” and a recently developed 
procedure, based on searching regions of significant mass traces, referred to as 
“regions of interest or ROIs”. Moreover, the advantages of the latter are demonstrated. 
Multivariate Curve Resolution-Alternating Least Squares (MCR-ALS) is presented as 
a valid method for proper resolution of chromatographic omic profiles without the need 
of peak alignment or shaping. Example results are presented on the analysis of 
LC-MS data of a metabolomic study of Xenopus laevis A6 kidney epithelial cells 
exposed to contaminants. 

 
 

 
Keywords: untargeted omics, LC-MS, data processing, binning, ROI, MCR-ALS  
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Surface-enhanced Raman spectroscopy (SERS) is particularly powerful for biological 
study because it can obtain the fingerprint information of the system we are interested 
in under the aqueous and ambient conditions, but with a much higher sensitivity 
compared with normal Raman spectroscopy. To obtain SERS signal of biomolecules 
with good reproducibility and high sensitivity is extremely important for a wide 
application of SERS in biological systems and is also a great challenge for SERS. 
molecules with metal colloids of high concentration and the detection is performed 
during the drying process, and the maximum sensitivity can be achieved right before 
the complete drying of the colloidal solution. This technique allows the SERS 
detection of 20 common amino acids and some important peptides with a highly 
reproducible signal. The second method is to modify the surface of SERS-active 
nanoparticles or solid SERS substrates with some halide ions. The method was 
successfully used for direct detection of proteins and DNAs. In the DNA case, the 
signal of phosphate backbone was used as internal standard, so that the absolute 
contribution of the each base can be quantitatively determined, which provides an 
effective way for the identification of DNA with single base sensitivity, and the 
hybridization event of DNA can be clearly identified. For the protein case, the SERS 
signal of protein was enhanced by at least 1000 time over the solution species, while 
but showing almost identical feature to that of the solution signal of proteins. This 
method allows the quantitative analysis of proteins and mixture of proteins. We will 
also discuss some part of work related to real time imaging of the living cells by 
directly using the fingerprint information of the biomolecules themselves and indirectly 
using Raman labels for the microenvironmental pH imaging of live cells. 

 
Keywords: Label free detection, pH-sensing, amino-acid, protein, DNA, living cell 
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Raman spectroscopy is a versatile technique for fast and continuous monitoring of 
various biogenic gases simultaneously. These unique capabilities were recently 
complemented by the development of optical cavities and hollow optical fibers for 
monitoring gases mixture in a high dynamic range from 100% down to sub-ppm levels 
[1,2]. These novel techniques - fiber enhanced and cavity enhanced Raman 
spectroscopy (FERS and CERS) – can be applied for online and real-time monitoring 
of disease markers in exhaled breath [3,4]. Sensitive quantification of H2 and CH4 can 
be exploited for the hydrogen breath test, for patients with lactose intolerance [3,4].  
Continuous online monitoring of gas compositions can also be utilized in bioanalytics 
and environmental analysis - for monitoring of the total nitrogen budget during 
denitrification [5], monitoring isotopic labeling in eco-physiological studies [6], the 
characterization of eco-system parameters [1], and the investigation of drought stress 
on substrate use and the vitality of trees. 
 
Acknowledgement: Funding by Raman4Clinics and the Collaborative Research Centre 1076 
“AquaDiva” from the Deutsche Forschungsgemeinschaft (DFG) is gratefully acknowledged. 
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We present here a powerful label-free optical technique to identify and sort cells at a 
single cell level: Wavelength Modulated Raman Spectroscopy (WMRS). With WMRS 
based on a wavelength tunable Ti:Sapphire laser, we can improve the signal to noise 
ratio by suppressing strong fluorescence background that is present from biological 
samples. Using this technique, we have successfully distinguished at high specificities 
between closely related human T lymphocytes cells (CD4+, CD8+), Natural Killer 
(CD56+) cells, plasmacytoid (pDC) and myeloid (mDC) dendritic cells. Furthermore, in 
a separate study, we have been able to harness our technique to differentiate the 
dormancy phenotype of mycobacteria (M. tuberculosis, BCG and M. smegmatis) by 
distinguishing cells with and without a lipid body. This work demonstrates the power of 
WMES to distinguish fine differences between human cell types and bacterial cell 
states with minimal manipulation. This powerful new tool gives us the ability to 
understand important aspect of tuberculosis pathology and pave the way to analyze 
immunological systems or to develop fully label-free diagnostic technologies.  

 
Keywords: Raman spectroscopy, Wavelength modulation, Cell sorting and identification, 
Principle component analysis (PCA), Label-free analysis. 
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There is an urgent need for objective and cost-effective approaches capable of 
diagnosing early-stage disease in point-of-care clinical settings. Currently available 
screening tests do not deliver the required sensitivity and specificity for accurate 
diagnosis. With an ageing population presenting with a rising prevalence of chronic 
diseases, screening to personalise therapies to prevent or slow down pathology 
development is an unmet need. There is interest in extracting biomarkers from 
biofluids (e.g., plasma or serum); biospectroscopy techniques are an option. Sample 
preparation is minimal, techniques involved are relatively low-cost, and data 
frameworks are available. With ethical approval, we set up a study to examine its 
applicability to endometrial and/or ovarian cancer. We set out to determine whether 
attenuated total reflection Fourier-transform IR (ATR-FTIR) spectroscopy and/or 
Raman spectroscopy coupled with a proposed classification machine could be 
applied to spectra obtained from plasma and serum for accurate class prediction 
(cancer vs. atypical vs. normal). Plasma and serum samples were obtained from 
ovarian cancer cases, endometrial cancer cases, non-cancer abnormal and 
non-cancer controls; these were subjected to biospectroscopy. Classification results 
for ovarian cancer were remarkable (>95%), whereas endometrial cancer was 
classified with a relatively high accuracy (>80%). Our study suggests that 
biospectroscopy of blood is a robust tool for accurate diagnosis, with the potential to 
be utilized as a screening test, especially for ovarian cancer. We extend the 
inter-disciplinary nature of this approach to hypothesise a microfluidic platform that 
could allow such measurements; this could revolutionize clinical screening and/or 
diagnosis in the 21st century. 

 
Keywords: ATR-FTIR spectroscopy, biofluid, biomarkers, microfluidic platform, point-of-care, 
Raman spectroscopy, screening 
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Since Anastas and Warner initially have described the twelve principles of Green 
Chemistry [1], these have assumed a prominent role in synthetic chemistry, chemical 
engineering and chemical technologies. Routes of synthesis, chemical processes and 
entire chemical plants are nowadays designed to comply with these principles. Also in 
analytical chemistry, research is increasingly directed towards developing green 
analytical methods [2]. Interestingly but regretfully, this trend is not reflected in the 
teaching of analytical chemistry at university level [3]. Many analytical chemistry 
courses still have a strongly method-oriented approach, presenting a very classical 
view on wet chemical, and instrumental analytical (spectroscopic and separation) 
techniques which leaves little space for the introduction of Green Analytical Chemistry 
concepts. In fact, Green Analytical Chemistry cannot be taught by adding a lesson on 
the side effect of our activities in the analytical chemical laboratory. Instead, Green 
Analytical Chemistry must be presented and discussed as an integrated concept 
which prevents the formation of excessive amounts of toxic or hazardous waste 
already through the appropriate selection or design of the analytical method [4]. 
Teaching Green Analytical Chemistry must thus – in addition to providing the 
necessary information on the characteristics of the various analytical principles and 
techniques – also initiate the students in the design considerations of analytical 
methods as to enable them to develop analytical methods that are more sensitive, 
selective or practical than currently existing ones, while at the same time requiring 
less resources or producing lower amounts of (or completely avoid) hazardous or 
toxic waste. 
 

 
Keywords: Green Analytical Chemistry, university teaching, education 
 
 
References: 
1. P.T. Anastas, J.C. Warner, Green Chemistry: Theory and Practice, Oxford University Press: New York, 1998. 
2. A. Gałuszka, Z. Migaszewski, J. Namieśnik, Trends Anal. Chem., 50 (2013) 78–84. 
3. P.T. Anastas, I.J. Levy, K.E. Parent (eds.), Green Chemistry Education: Changing the Course of Chemistry, 

Volume 1011, ACS Symposium Series; American Chemical Society: Washington, DC, 2009. 
4. M. de la Guardia, S. Garrigues in: M. de la Guardia, S. Garrigues (eds.) Handbook of Green Analytical 

Chemistry, John Wiley & Sons, Chichester, 2012, pp. 17-30. 
 

O027

71 sur 745



 
 

PITFALLS IN TEACHING ANALYTICAL CHEMISTRY 

 
Günter Gauglitz1 
 
1 Institute of Physical and Theoretical Chemistry, Eberhard-Karls University. Tübingen, 72076, Germany 

 
Sensors are frequently used in addition to classical analytical instrumentation in fields 
like process control, environmental monitoring, or point of care diagnostics (POCT) – 
just to give a few examples. Thus, modern analytical teaching has to consider typical 
problems using sensors, which combine experience in separation techniques (recog-
nition elements), detection, and data treatment (even chemometrics).  
The influence of these parts of a sensor system on good analytical practice is dis-
cussed. A survey on these components is given, principles of validation in the special 
case of sensors are discussed and possibilities of calibration also for biochemical 
sensors are demonstrated.  
Aspects of recognition elements, non-specific binding, influence of labelling, deter-
mination of limits of detection or quantification, selectivity, and signal to noise ratios 
are considered. Examples from environmental monitoring and POCT are used for 
demonstration of pitfalls. Furthermore, some arguments are given to measure better 
dose instead of concentration, which is an upcoming idea in environmental as well 
medical monitoring. 

 
Keywords: Chemical and Biochemical Sensors, calibration, validation, detection, molecular 
interaction, concentration-dose 
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Chemometrics training at an undergraduate and graduate level is a relevant task 

because of the complexity of the information required to interpret chemical systems. When 
designing a Chemometrics teaching plan, it has to be considered the little time allocated to the 
subject and the fact that most Chemistry students will end up being Chemometrics users. 
Skills like abstract thinking and visual interpretation are needed to understand chemometric 
methods. Linking chemical and mathematical languages and practicing intensively how to 
‘look at the data and the results’ will decrease the perception of complexity of the topic and 
increase the motivation to learn.  

A good sequence in chemometric teaching is method presentation, supervised hands-on 
work and self-learning by case studies. Method presentation should include a clear goal, a 
basic description of the core of the method, supported on visual, geometrical explanations 
rather than on sole crude mathematical formulations and guidelines for interpretation (mostly 
visual) of results. Supervised and interactive hands-on work is essential to connect abstract 
concepts and real chemical problems and to provide clear workflows for method application. 
Case studies complete the circle of knowledge and also allow for exploiting self-learning and 
team working skills. Case studies present chemical problems and chemical questions and the 
students should find out how to ‘translate’ the chemical question into the selection and proper 
use of the chemometric method and how to ‘back translate’ the interpretation of the 
chemometric output into useful chemical information. Only when the students feel capable to 
establish this connection in an unsupervised way, they will feel competent and keen to apply 
Chemometrics in their professional lifes. 

 
Keywords: chemometrics, case studies, data analysis workflow. 
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Analytical chemistry is rarely recognised as a subject area of chemistry until university 
level.  This despite the positive media attention that the results of chemical 
composition measurements generate.  NASA’s Curiosity Mars Rover is a case in 
point where the ability of the rover to provide compositional information about the 
planet and its atmosphere was repeatedly highlighted.  But did the general public 
realise that the data was generated by a wide range of analytical techniques?  
Unlikely.  So just how early should we start to introduce the concept of analytical 
chemistry?  Surely the answer is it is never too early. 
More and more emphasis is placed on providing University students with key skills 
above and beyond their academic course.  Universities also need to demonstrate 
their ability to benefit their local communities.   This paper presents a way of bringing 
together the two objectives in the form of an outreach activity which enhances student 
skills while simultaneously involving schools and community groups in the analysis of 
local waterways – a win-win situation.   
Streamwatch kits provide the means to measure temperature, pH, dissolved oxygen, 
turbidity, nitrates and alkalinity.  Students take the responsibility to deliver the 
underlying theory, gauged to match the level of the audience, in an entertaining and 
engaging manner.  Their understanding of the theory is improved by having to 
explain to others in simple terms. 
The ultimate goal of the activity is to upload water quality information to a website 
available for public access. 
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Metabolomics, the unbiased profiling of all small molecules in biological samples, has 
developed into a core technology for functional genomics, biobased economy  and 
personalized medicine in the last decade (Weckwerth and Morgenthal, 2005; 
Weckwerth, 2011a, b). Recently, ecological metabolomics has emerged in 
ecosystem research and metagenomic studies. The quality of state-of-the-art 
metabolomics technology depends on the quality of the preparation workflows, the 
quality of metabolite libraries and workflows for structural elucidation of novel 
compounds (Doerfler et al., 2014). Because of the diversity of the metabolomes from 
organisms in functional and biomedical studies as well as the complexity of exo-
metabolomes in environmental samples from marine, fresh-water and terrestrial 
ecosystems, an interdisciplinary approach is necessary to uncover novel aspects 
(Weckwerth, 2011b). 
The faculty of the Vienna Metabolomics Center will cover a broad range of 
technologies from drug development, nutritional sciences, microbial and plant 
biotechnology, biomedical approaches up to ecosystems research and environmental 
sciences. Experimental output from all platforms is functionally integrated in a 
multidisciplinary approach comprising methods from the fields of bioinformatics and 
mathematical modelling. Workflows and applications will be presented how to 
generate comprehensive metabolomics data sets and to integrate those into a 
functional context (Weckwerth, 2010; Doerfler et al., 2013; Mari et al., 2013). 
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With the advent of LC-MS-based non-targeted metabolomics, large datasets 
containing information for a multitude of intracellular metabolites have become readily 
accessible and are widely used for hypothesis generation and corroboration. While 
many analytical challenges remain, validation of the analytical platforms in use is 
often overlooked. Moreover, effective strategies for filtering and extraction of 
information relevant to the biological system to be studied are poorly defined. As a 
result, metabolic fingerprints may be biased due to analytical blind spots, while critical 
information relating to significant metabolic changes may be lost amongst the 
overwhelming amount of information within metabolic fingerprints. The 
implementation of prior knowledge such as the well-known network of intracellular 
metabolic reactions could provide the next step towards efficient data evaluation and 
interpretation. 
The presented case studies show how even small adjustments to the analytical 
strategy allow pinpointing of metabolic pathways without sacrificing the richness of 
non-targeted data sets. For instance, the presented two-dimensional heart-cutting 
approach combining reversed-phase and porous graphitized carbon liquid 
chromatography modes extends the metabolome coverage of conventional 
LC-MS-based methods to biologically important, but analytically challenging 
compound groups such as sugar phosphates. Furthermore, a critical evaluation of 
typical data processing strategies revealed bottlenecks in the assessment of relative 
changes and significance testing. 
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Copper oxide Nanoparticles (CuO NPs) are widely used in different applications such 
as cosmetics, microelectronics and catalysis. Therefore extensive risk assessment is 
done by monitoring biological endpoints. We used an untargeted metabolomics 
approach for toxicity profiling of CuO NP exposure (10 µg/mL) on A459 cells in a 
time-dependent manner (0, 1, 3, 6, 12, 24 h). Two different approaches were chosen 
for toxicity screening, namely reversed-phase and hydrophilic interaction 
HPLC-ESI-MS. Both measurements were performed on an Orbitrap Q Exactive 
PlusTM mass spectrometer in positive and negative ionization mode. The data was 
processed using the open source bioinformatics software tools OpenMS and KNIME. 
These allow fully automated raw data processing, filtering according to different 
quality criteria, and the opportunity to perform statistical analysis to determine 
differentially expressed features/metabolites. In this study Linear Model for Microarray 
Assays (LIMMA) and Principal Component Analysis (PCA) were used, which revealed 
differences between controls (medium only treated cells) and treated samples after 
6 hours, becoming more pronounced during longer treatment periods. These features 
were identified leading to 30 and 25 regulated metabolites for HILIC and RP 
separation, respectively. With assignment to cellular functions, these findings 
suggested that exposing A549 cells to 10 µg/mL CuO NPs led to oxidative stress as 
well as to apoptosis from 6 hours of incubation onwards. This hypothesis was proven 
in further cell assays measuring glutathione and Heme oxygenase 1 (HO-1) gene 
expression, for oxidative stress, and the activation of a caspase cascade for 
apoptosis. 
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Bariatric surgery (BS) is the most effective and durable treatment for obesity and its associated 
comorbidities. Although the underlying mechanisms of its remarkable efficacy are still unclear, it 
has been highlighted that the anatomical restriction imposed by the surgery might not be the 
unique effector, but rather a contributing factor in conjunction with metabolic alterations taken 
place in the body at different levels (i.e. food absorption, microbiota and brain activity). 
Metabolic fingerprinting techniques combined with multivariate statistics (interchangeably 
termed ‘metabolomics’ or ‘metabonomics’) offer the ability to examine global changes in 
metabolites associated with physiological conditions. Thus, metabolomics is a powerful 
approach for examining disease-related metabolic changes and, accordingly, proves highly 
effective in identifying new biomarkers. In the present study we have applied a multiplatform 
metabolomics approach to gain a better understanding of the extent to which other factors are 
associated with bariatric surgery efficacy in order to identify potential outcome predictors, 
thereby uncovering new targets for less-invasive treatments.  
 
Metabolomics analysis was performed in serum samples from healthy volunteers (group 1 
n=23, BMI<25 kg/m2), obese patients before surgery (group 2 n=23, BMI>40 kg/m2) and one 
year after surgery (group 3 n=23, average BMI=31 kg/m2) by UHPLC-ESI-QTOF-MS, GC-EI-
MS-Q and CE-ESI-TOF-MS (Agilent, USA). In addition, food craving, following the Food 
Cravings Questionnaire trait scale (FCQ-T), was evaluated for groups 1 and 2. To estimate the 
strength of the linear dependence between the observed metabolites and food-craving, linear 
correlation was measured by the Pearson correlation coefficient. Finally, group 2 was divided in 
two subgroups according to high (score ≥ 15, n = 13) and low food craving (score < 15, n = 10) 
to predict a possible discrimination among subjects after surgery. 
  
The multiplatform approach including complementary high resolution techniques, allowed the 
detection of 190,330 potential compounds. Once mined the valuable information from the data 
matrix, chemometric tools (correlation, univariate and multivariate statistical data analyses) were 
applied to investigate the specific metabotype of the groups. Among these metabolites, bile 
acids and gut microbiota by-products (secondary bile acids, p-cresol, benzoate, indolelactate) 
presented the most remarkable changes, reflecting the great influence of the microbial 
community on the surgery outcome. Moreover, we observed that after surgery, the lipid profile 
(fatty acids, monoacylglycerides and phospholipids) was modified with a recovery toward 
normal condition, supporting BS efficacy in promoting metabolic improvements. Regarding the 
recovery evaluation model, we noted some differences in the profiles pointing out the necessity 
to explore other factors that might influence the outcome of the bariatric procedure. Therefore, 
we have correlated the psychological factor, food-craving, with the metabolic profile of normal 
weight and obese subjects. Among all metabolites that were highly correlated between these 
parameters, we have selected those specific of each group, as they might reflect a different 
brain behavior associated to a specific metabotype. Finally, we have investigated the food-
craving predictive capability for the discrimination of the individuals after surgery.  
Metabolomics points out microbiota metabolites and food-craving evaluation as potential 
contributor factors to predict the surgical outcome of BS.  
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The labelling of food and feed products with respect to authenticity and selected 
ingredients is of significant importance for consumers and a reliable functioning of the 
market. Increasing competition and globalization require enforceable control 
parameters and mechanisms. Therefore, reliable analytical results are crucial for 
many decisions. This will be demonstrated by examples from corresponding food and 
feed legislation of the European Union. 
 
In this context Reference Materials (RMs) are required for various purposes in the 
development, validation and application of analytical procedures. For instance, in the 
course of the implementation and monitoring of EU legislation on GMOs in food and 
feed, RMs are needed for ensuring the reliable qualitative identification of genetically 
modified DNA, for the calibration of quantification methods such as real time-PCR as 
well as for the quality control of the whole measurement process both within a 
laboratory and between laboratories (i.e., proficiency testing). The specific application 
purpose is determining the specially required RM characteristics and the amount of 
necessary information accompanying the physical material. Similar demands on the 
availability and characteristics of RMs for calibration and quality control, respectively, 
have been created, e.g., by legislation requiring the presence/absence control of 
ruminant material in non-ruminant feeding stuff. The presentation will illustrate 
corresponding scientific-technical challenges and solutions. 
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Around 2.4 million tons of municipal sewage sludge (dry matter) are produced every 
year in Germany. Sewage sludge contains a lot of organic substances but also an 
important fraction of inorganic nutrients, which can be recycled. The disposal or 
recycling of this matter faces up to plant operators often a considerable challenge. 
Due to the finite nature of the resource phosphorus and in favor of natural 
biogeochemical cycles, the use of the bound phosphorus in sewage sludge is of high 
interest for the production of fertilizers. The presence of pollutants such as heavy 
metals and organic trace pollutants in the sewage sludge are problematic. Therefore, 
the sewage sludge is in many cases burnt to sewage sludge ash.  
 
BAM has developed a special sewage sludge ash treatment in which heavy metals 
can be removed and the bio-availability of Phosphorus can be improved. In every 
case, the content of various elements within the sewage sludge ash needs to be 
monitored. In this project, the basics for a robust and fast online process analytical 
monitoring have been created. The methods LIBS and XRF have been used, whereby 
a direct comparison of XRF and LIBS is possible. The strengths of the respective 
methods are used and implemented for the construction of an optimized online 
analytical system. Since both measurement methods are relative methods which 
require reference materials for validation purposes, two different candidate reference 
materials have been set up. 
The accuracy of the property values of these standards is an essential component of 
any measurement uncertainty budget and their traceability provide the link of 
measurement results to internationally accepted values. 

 
Keywords: phosphorus, sewage sludge ash, process analysis, XRF, LIBS 
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CLINICAL REFERENCE MATERIALS FOR IMMUNOSUPPRESSANT 
THERAPEUTIC DRUG MONITORING & METANEPHRINES FOR TUMOR 

DETECTION 
 
Chris Mussell1, Dima Almekdad1, Fahmina Fardus 1 and John Warren1. 
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LGC, in its role as the UK’s designated National Measurement Institute (NMI) for 
chemical and biochemical measurement, has produced a number of ‘pure’ and in 
matrix Certified Reference Materials (CRM) aimed at the clinical sector. ‘Higher order’ 
CRMs, such as those listed on the Joint Committee for Traceability in Laboratory 
Medicine (JCTLM) database, are required by laboratories wishing to satisfy the 
requirements for metrological traceability described in ISO standards 17025 and 
15189, as well as the European Directive on In Vitro Diagnostic Medical Devices. A 
further requirement of the ISO standards is that laboratories shall estimate the 
measurement uncertainty for each assay. Repeat analysis of CRMs is one route by 
which laboratories can estimate measurement uncertainty using a ‘top down’ 
approach, examples of this approach will be covered in the presentation.  

LGC is currently focussed on further developing CRMs for the Therapeutic Drug 
Monitoring of immunosuppressant drugs (tacrolimus, sirolimus and ciclosporin) and 
has recently begun work to develop CRMs for the diagnosis of catecholamine 
secreting tumors via the determination of elevated concentration levels of 
metanephrines in plasma and urine. These measurands were prioritised over other 
clinically relevant compounds due to the high inter-laboratory variability routinely 
observed in External Quality Assurance scheme data and the impact that 
standardisation will have on patient welfare if implemented successfully. During the 
production of the immunosuppressant ‘pure’ and in matrix CRMs, partly due to the 
complexity of the analytes and matrix, a number of technical challenges were 
encountered and resolved which will be discussed. 

 
Keywords: tacrolimus, immunosuppressants, metanephrines, isotope dilution mass 
spectrometry  
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Vitamin D is a fat-soluble vitamin that occurs in two major forms, D3 and D2, which 
exist in foods; however, vitamin D3 is also produced in the body when skin is exposed 
to sunlight. Vitamin D is metabolized to produce 25-hydroxyvitamin D3 [25(OH)D3] and 
25-hydroxyvitamin D2 [25(OH)D2]. Vitamin D levels in serum are typically measured as 
total 25-(OH)D (sum of 25(OH)D3 and 25(OH)D2). An epimer of 25(OH)D3, 
3-epi-25(OH)D3, is often present in serum and must be chromatographically 
separated from 25(OH)D3 for accurate quantification by LC-MS/MS. Vitamin D testing 
has become one of the most requested clinical assays; however, the results from 
different methods (predominantly immunoassay and LC-MS/MS) are often not 
comparable. 
 
The National Institute of Standards and Technology (NIST) and the National Institutes 
of Health, Office of Dietary Supplements, have collaborated to develop Standard 
Reference Materials (SRMs) to support accuracy in the measurement of 
25-hydroxyvitamin D. The first serum-based SRM for 25(OH)D measurements was 
released in 2009, SRM 972 Vitamin D in Human Serum, which was widely distributed 
and replaced in 2013 with an improved material, SRM 972a Vitamin D Metabolites in 
Human Serum. SRM 972a consists of four serum pools with levels of 25(OH)D3 and 
25(OH)D2 from 18 ng/g to 29 ng/g and 0.5 ng/g to 13 ng/g, respectively. A new SRM 
from a serum pool with a higher concentration of 25(OH)D3 will be completed in late 
2015. SRM 2972a, 25-Hydroxyvitamin D Calibration Solutions, was developed as a 
calibrant for vitamin D metabolite measurements. The analytical approach using 
LC-UV, LC-MS, and an LC-MS/MS reference measurement procedure to assign 
values for vitamin D metabolites in these SRMs will be described. 

 
Keywords: vitamin D, 25-hydroxyvitamin D, Standard Reference Materials (SRMs), liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) 
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The aim of this contribution is to show that modern voltammetric (differential pulse 
voltammetry, adsorptive stripping voltammetry) and amperometric methods (high 
performance liquid chromatography, flow injection analysis and sequential injection 
analysis with electrochemical detection) can successfully compete with advanced 
separation and spectrometric methods. The main advantages of electrochemical 
methods are lower investment and running costs, easy miniaturization resulting in 
portability of electroanalytical instrumentation, simplicity, reasonable sensitivity and 
selectivity and last but not least compatibility with the concept of green analytical 
chemistry. Moreover, recently developed non-traditional electrode materials, 
arrangements and measuring protocols substantially decreased problems with 
working electrode passivation – the biggest problem with practical application of 
voltammetric and amperometric methods in complex environmental and biological 
matrices. These facts will be demonstrated on practical examples of detection of 
submicromolar concentrations of selected environmental carcinogens (e.g. nitrated 
polycyclic aromatic hydrocarbons) and priority pollutants (e.g. nitrophenols or 
pesticides) in environmental matrices and of biomarkers of exposition (metabolites of 
polycyclic aromatic hydrocarbons and their nitro and amino derivatives in urine), 
illness (tumor biomarkers in urine) and treatment (metabolites of anticancer drugs in 
urine). Attention will be focused on the use of non-toxic silver amalgam electrodes, 
bismuth bulk and film electrodes, carbon film electrodes, and boron doped diamond 
electrodes both in batch arrangement and in flowing systems. However, comparison 
with so far unsurpassed mercury electrodes will be an integral part of the presentation. 
 
Acknowledgment 
This work was financially supported by the Grant Agency of the Czech Republic 
(project P206/12/G151). 
 
Keywords: voltammetry, amperometry, environmental carcinogens, biomarkers, anticancer 
drugs  
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Flow electrochemical sensors are highly effective to enhance mass transport when a 
preconcentration step of the analyte is required to achieve trace analysis. They are 
advantageous because they are easily automatable and allow approaching the ideal 
real-time analysis. Porous electrodes are relevant to flow electrochemical systems due 
to their good hydrodynamic properties and their high specific surface area. 
In this work, we will present the use of graphite felt as electrode material for trace 
analysis of heavy metals in flow systems. Its properties combined to a well-suited flow 
electrochemical cell (Figure 1) give rise to efficient accumulation step in anodic 
stripping voltammetry. Since this material is easy to modify by electrografting methods, 
selective analyses can be performed thanks to convenient receptors covalently 
attached on the surface of the fibers. 

 
Figure 1: flow electrochemical analysis 

Electrografting methods involving reduction of diazonium salts and oxidation of amines 
in organic and aqueous media were used to prepare methoxy, carboxylate and 
cyclam-modified electrodes. The efficiency of the immobilization methods was 
checked by cyclic voltammetry using redox probes and by XPS analyses. The 
performances of the modified electrodes for trace analysis of copper were then 
evaluated in terms of sensitivity and selectivity. The influence of the electrografting 
method and the nature of the linker on the electrochemical signal obtained by linear 
sweep stripping voltammetry analysis after a preconcentration step performed at open 
circuit was highlighted. 

 
Keywords: electrochemical sensor, heavy metals, flow, electrografting 
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Currently, the systems used to water quality monitoring, require sampling on-sites 
followed by analysis carried out in laboratory using heavy and costly techniques 
leading to only few sampling. There is a need to find sustainable solutions to monitor 
the micro-pollutants (chemical nature and level) at numerous locations and at high 
temporal frequencies in order to meet the European Water Frameworks (DCE 
2013/39/EU) requirements. Sensors are devices which must allow ensure a good 
monitoring of aquatic media. 
 
This presentation is focused on the development of electrochemical sensors based on 
screen-printed carbon electrode. We study the carbon ink formulation, the elaboration 
process and we optimize the electro-analytical procedure. The final goal is the 
increase of the sensibility and the robustness to make tools, able to quantify 
micro-pollutants for on-site analysis. The selectivity of the electrode is based on the 
selective chemical functions covalently grafted to the carbon electrode. Detection at 
ppb level is obtained for the priority metals and organic substances. 
 
Depending on the micro-pollutants analyzed, the carbon electrodes were grafted by 
electrochemical reduction of diazonium salts or oxidation of amines. The 
micropollutant analysis was then performed by a two-step method: (i) micropollutant 
adsorption by immersion of the grafted electrode, followed by (ii) analysis by Square 
Wave Anodic or Cathodic Stripping Voltammetry. 
 

 
Keywords: Carbon grafted electrode, Environmental electro-analysis, Electro-chemical 
sensor, Priority micro-pollutants 
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In the field of contemporary chemical sensing the electrochemical stripping analysis 
has been recognized as an extremely convenient tool for measuring trace (heavy) 
metal ions and selected organic compounds. In the last six decades mercury has 
been the most commonly used electrode material despite its well-known toxic 
character; there were numerous attempts to replace mercury with other non-toxic or 
less toxic materials with similar electroanalytical characteristics. In the year 2000 a 
bismuth film electrode [1] was introduced in electrochemical stripping analysis as a 
promising "green" alternative to mercury film electrode, and in 2007 an antimony film 
electrode was presented [2]. Hitherto, several configurations of both electrodes have 
been reported, such as thin film electrodes prepared in-situ or ex-situ on the surfaces 
of different supporting electrodes, bulk metal electrodes, carbon paste-based 
electrodes, sputtered electrodes, etc. 
 
In this communication some recent achievements will be presented considering 
further development and application of bismuth- and antimony-based electrodes for 
measuring particularly trace (heavy) metal ions and selected pharmaceuticals in 
combination with electrochemical stripping techniques. Several configurations of 
bismuth and antimony electrodes will be overviewed together with examples of their 
application, and a novel copper film electrode for anodic stripping voltammetric 
operation will be presented. 
 
1. J. Wang, J. Lu, S.B. Hočevar, P.A.M. Farias, B. Ogorevc, Anal. Chem. 72 (2000) 
3218. 
2. S.B. Hočevar, I. Švancara, B. Ogorevc, K. Vytras, Anal. Chem. 79 (2007) 8639.  
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In this work, we describe two different strategies for developing new electrocatalytic 
platforms based on the modification of gold or carbon screen-printed electrodes with 
multiwall carbon nanotubes (MWCNTs) by diazonium salt click chemistry. The resulting 
platforms are characterized by scanning electronic microscopy (SEM), atomic force 
microscopy (AFM) and cyclic voltammetry (CV). It was observed that the strategies 
employed give rise to ordered and homogeneous surface platforms that exhibit 
electrocatalytic activity towards the NADH and hydrazine oxidation. Modification of 
these platforms with N,N-bis(3,4-dihydroxybenzylidene)- 1,2-diaminobenzene (3,4-
DHS) enhance their electrocatalytic activity. Therefore, they have been applied as 
NADH and hydrazine sensors.  

 
Keywords: Carbon nanotubes, electrocatalysis, nicotinamide adenine dinucleotide, hydrazine. 
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Spectrofluorimetry is known to be one of the most sensitive methods for the analysis 
of organic materials. Laboratory spectrofluorimeters allow us to work on small objects, 
powders or on quartz plates. However, the study of fragile artworks (canvas paintings, 
medieval manuscripts) on which sampling or move to labs are prohibited requires 
in-situ analysis. The system has to be sensitive, non-invasive, with small footprint and 
time-effective in order to perform the data acquisition within the conservation room for 
the sake of minimal disturbance.  
A new device using LEDs sources has been designed and tested to characterize 
some components of our Cultural Heritage and it has been recently patented by the 
authors.  
The system has two excitation wavelengths (285 nm, 375 nm) and light is focused 
onto a small spot (1 mm). Filters are associated to cut out reflection and harmonic. 
The signal emitted by the sample is transmitted by an optical fiber connected to a 
compact-spectrometer (Thorlabs, 200-1000 nm). The choice of LEDs is based on 
various studies. 285 nm is used to study the fluorescence of blue or yellow pigments 
and some organic binders. 375 nm induces fluorescence of red pigments and lipidic 
binders. Its performances have been compared to that of the conventional laboratory 
equipment on medieval pigments.  
Analyses have defined the characteristic bands of the fluorescence emission of some 
red, blue and yellow pigments. The characteristic maxima emission wavelengths allow 
us to discriminate most of the pigments mixed with different binders, deposited on 
quartz plates, parchment or on illuminated facsimile.  
 
This work and the achievement of the upcoming commercial LEDµSF have been 
supported by the University of Bordeaux Montaigne, the University of Bordeaux, the 
"Région Aquitaine", the ANR-10-LABX-52, the "Direction Régionale des Affaires 
Culturelles" and the “Aquitaine Science Transfert”. 
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In prehistoric caves, we face several preservative issues concerning the rock art, 
paintings or engravings covering the walls. One of them is the presence of deposits 
mainly composed of calcite, that make the underlying rock art disappear. This 
phenomenon is frequent and, in order to study the mechanism of formation, we are 
focusing on a cave located in the Vézère Valley in the south west of France. This cave, 
used as a laboratory cave since it is devoid of archaeological interest, presents two 
calcitic facies, namely moonmilk and coralloids, which are also found in other 
Paleolithic cavities from the region. That cave was therefore considered as 
representative.  
For a better understanding of the formation process and the origin of these calcitic 
facies, we use a multiphysical approach with techniques that give access to 
information at different scales. Moonmilk biomineralization is supposed to be a 
complex process, therefore a microbiological investigation as well as a water analysis 
are also ongoing. 
The methodology is to compare in situ and laboratory experimentations with main 
techniques such as XRF and LIBS. Our main objective is to give the end user 
(curators of the ornated caves) an efficient procedure with the use of mobile systems 
producing reliable and representative data. 
Here are presented the first analytical data obtained with portable and laboratory 
equipments (XRF and LIBS) on the two facies showing the presence of elements 
which might be linked to the coralloids physico-chemical diagenesis or the 
biomineralization process. 
 
Keywords: LIBS, XRF, speleothems, prehistoric cave conservation 
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The corrosion behavior of bronze differs from that of pure copper due to the presence 
of additional alloying elements. Hence, in natural environments, the selective 
dissolution of copper leads to a relative tin-enrichment within the corrosion layers, 
mostly in unsheltered areas exposed to rainwater runoff. The comprehension of these 
processes, especially the role of tin, is thus essential for the safeguarding of bronze 
heritage. This includes a preliminary characterization of the corrosion patinas present 
before any conservation intervention, as they are the actual surface to be treated. 
Recently, research gives emphasis to eco-friendly and sustainable approaches for the 
preservation of cultural heritage that could offer advantages in terms of compatibility, 
durability and safety. Hence, a biological treatment, based on a specific fungal strain 
of Beauveria bassiana, is exploited for the stabilization of soluble and/or active bronze 
corrosion products, converting them into oxalates. The chemical stability of these latter 
represents a real improvement for the long-term preservation of bronze, especially in 
case of exposure to acid rains. To understand the influence of tin-enriched surfaces on 
the formation of oxalates, pure tin and artificially tin-enriched bronze coupons were 
treated with this novel biological system. Before and after treatment, the coupon’s 
surface was then characterized through optical microscopy, Fourier Transform 
InfraRed (FTIR) and Raman spectroscopies and scanning electron microscopy 
coupled to energy dispersive spectroscopy (SEM-EDS). The analytical results that will 
be discussed in this contribution allowed to better understand the response of 
sheltered/unsheltered areas from outdoor bronze monuments to the biological 
treatment proposed.    

 
Keywords: bronze corrosion, cultural heritage, biotechnology. 
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Heritage preservation often seeks to fulfil an unrealistic goal of stopping decay, whereas 
controlling decay rate is a more realistic option. To develop pragmatic management based on 
limiting decay of heritage material requires predictive strategies. These can only be 
developed by quantifying the decay rates of heritage materials as functions of their intrinsic 
and extrinsic factors. This data facilitates prediction of object longevity and incremental loss of 
heritage value, which provides management with an evidence base for decision making that 
maximises use of resources and provides cost benefit. This evidence based management 
approach and the challenge it faces are discussed by relating the corrosion rate of 
archaeological iron objects to management strategies for its preservation.  

A combination of quantitative analytical methods developed a strong evidence base for 
managing the preservation of archaeological iron. The corrosion rates of over 100 
archaeological iron objects were determined as a function of relative humidity by recording the 
oxygen consumption of individual objects. This data was then qualitatively linked to the 
physical damage that corrosion produced in objects using criteria anchored assessment and 
was quantitatively related to object chloride content using digestion. Predictions for loss of 
heritage value as a function of corrosion could then be made. Prompt Gamma Activation 
Analysis (PGAA) at the Budapest Neutron Centre was later employed to link chloride 
distribution within objects to the physical damage produced by corrosion to facilitate 
refinement of the predictive corrosion model. English Heritage has published sector 
guidelines for storing archaeological iron using this research. 

 
Keywords: heritage, iron, corrosion, chloride, relative humidity, management 
 
 
Acknowledgements: The research was funded by the Science and Heritage Large Grants 
award scheme of the Arts and Humanities Research Council (AHRC-UK). PGNNA analysis 
was supported by the European CHARISMA programme. 

O047

91 sur 745



 
 

X-RAY BASED ANALYSIS OF PIGMENTS AND PAINTINGS ALTERATIONS 

 
Koen Janssens 
 
1 AXES Research Group, Department of Chemistry, University of Antwerp, 2020 Antwerp, Belgium 
 
 

Paintings from different historic periods are considered to be valuable windows on the past.  
 
Macroscopic X-ray fluorescence analysis (MA-XRF) is suitable to visualize the elemental 
distribution of key elements, mostly metals, present in areas of painted artworks of 0.5-1 m2 or 
more. The elemental maps it produces are of interest both to art historians and to art conservators 
while complementing existing imaging methods such as X-ray radiography and Infrared 
reflectography. Since MA-XRF is not depth-selective, projected pigment distributions (present at 
and/or below the visible paint surface) are obtained, a property that has both advantages and 
disadvantages. Several case studies, involving 15th to 19th C. paintings will be discussed. 
 
While in general, oil paintings are able to withstand the ravages of time, specific painters’ pigments 
have acquired a reputation of being unstable, causing a gradual color loss at the paint surface. In 
many cases, it concerns compounds (sulphides, chromates, …) of transition metals (Cr, Hg and 
Pb). Another factor influencing superficial alteration is the deposition of fine dust particles on the 
surface where, e.g., acidic hygroscopic compounds can locally speed up chemical transformations. 
These may involve either oxidation or reduction of the metal compounds. 
(Sub)microscopic X-ray beams may be used to describe and understand better the changes in 
metal speciation that usually accompany the above-mentioned alteration phenomena and color 
losses. A combination of microbeam XRF, diffraction and absorption spectroscopy is very useful, 
sometimes employed in tomographic mode. Several case studies, involving red and yellow 
pigments, will be discussed.  

 
Keywords: X-ray fluorescence, Pigments, X-ray diffraction, X-ray absorption spectroscopy 
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Although many analytical approaches are used to control food authenticity and 
integrity, there is still a need for more efficient adulteration detection and for screening 
methods which can help reduce the cost and technical time of the analysis, in order to 
prevent crises.  
High resolution 1H NMR profiling allows the combination of targeted and non-targeted 
analysis of a whole food matrix in the same run, using assigned signals for 
quantification and identification, and the overall spectral information as a fingerprint of 
authenticity characteristics. This provides a fast alternative to conventional methods, 
simultaneously giving access to new analytical information, allowing the detection of 
previously undetectable discrepancies.  
One of the key steps in this approach involves sample preparation which should be a 
simple universal method to keep overall measurement time low and to provide as 
much information as possible. Liquid or semi-liquid samples require little preparation 
and can be run on classical 1H NMR. Semi-solid samples, however, will benefit from 
the use of 1H HR-MAS (Magic Angle Spinning) NMR which enables the direct 
measurement on samples without preliminary extraction.  
Successful applications of both approaches have been developed for fruit juices, 
honey, wine, coffee, dairy products, fish and fish products. These tools can help 
protect the food industry and trade from emerging issues and to promote high quality 
traceable products. 
 

 
Keywords: Authenticity, 1H NMR, profiling, HR-MAS 
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Globalisation of the food trade is responsible for emerging risks in food products. At 
present, food analyses are based on targeted methods and are not able to address all 
fraud or adulteration issues. Recent developments in analytical methods have led to 
the possibility of using untargeted analyses to ensure food safety. This approach is 
based on the metabolomic paradigm, the aim of which is to find chemical markers of 
an observed effect. 
 
Metabolomics requires a well-controlled workflow from sampling until final results. An 
important part of this control relies on the use of Quality Control (QC) samples, which 
helps in the assessment of the quality of the analytical process. Metabolomics use a 
range of chemometric tools depending on the goal to be achieved. In this respect, 
chemometrics is mathematics applied to chemical data. 
 
In this communication, two examples will be presented. In both cases, PCA (Principal 
Components Analysis) will be used at first to get an overview of the data. This 
unsupervised method makes it possible to monitor the quality of the analytical process 
(using QCs), or to highlight outliers. The first example is on the quantification of the 
adulteration of blackcurrant concentrate with the concentrate of a cheaper berry, 
aronia, using rPLS (recursive weighted Partial Least Squares regression). The 
second example is on the classification of the botanical origin of monofloral honeys 
using sLDA (sparse Linear Discriminant Analysis). In both cases, the use of 
chemometrics led to the identification of markers of fraud.  

 
Keywords: chemometrics, food safety, honey, blackcurrant, Quality Control 
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DETECTION OF PESTICIDES AND DRUGS RESIDUES IN WATER BY 
HIGH-RESOLUTION MASS SPECTROMETRY: FROM LARGE SCALE 

SCREENING TO NON-TARGETED ANALYSIS OF UNKNOWN CONTAMINANTS 
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Christophe JUNOT2, Céline DUCRUIX1 
 
1 Profilomic, 31 rue d'Aguesseau, 92100 Boulogne Billancourt, France. 
2 CEA, iBiTec-S, Service de Pharmacologie et d’Immunoanalyse, Laboratoire d’Etude du Métabolisme des 
Médicaments. MetaboHUB-Paris, 91191 Gif-sur-Yvette. 

 
Food globalization and extensive use of pesticides and drugs in agriculture and 
farming increase the risks of food pollution and fraud. This has become a significant 
public health problem that has led health authorities to strengthen controls. However, 
analytical methods used for the detection of pollutants are mostly restricted to 
regulatory targeted approaches toward expected contaminant, with limited 
possibilities of detecting unexpected or emerging contaminants. High resolution mass 
spectrometry based metabolomics associated with data mining is relevant to address 
this issue. 
 
In this context, a novel, fully automated pollutant screening method based on an 
integrated sample preconcentration and liquid chromatography coupled to high 
resolution mass spectrometry has been developed. The method provides,in 30 
minutes with only 5 mL of water and using suitable data mining techniques: (i) the 
simultaneous semi quantitative analysis of more than 750 pesticides and drug 
residues belonging to the most relevant environmental pollutants and (ii) the detection 
of unknown or unlooked-for molecules by a statistical comparison of the samples. 
Applications on different types of water have been performed. A study on tap water 
samples collected in and around Paris showed the presence of an average of 16 
pollutants per sample with concentrations below the 0.1 µg/L, the European Union 
limit for drinking water. Pesticides, transformation products such as atrazine 
metabolites, as well as drug residues such as valsartan and carbamazepine, usually 
not monitored, were detected. In addition, storage and comparison of spectral 
fingerprints of the samples enable further identification of unexpected pollutants at a 
later date. 
 

 
Keywords: Screening, LC–HRMS, validation, pollutants, pesticides, drugs, drinking water, 
Q-Exactive, SPE on-line, tap water, UHPLC, high resolution mass spectrometry, multiresidue 
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RAMAN MICROSPECTROSCOPY AND CHEMOMETRICS: A COMBINED 
APPROACH TO PERFORM A RAPID UNTARGETED SCREENING OF BACTERIA 

PRESENT IN FOOD SAMPLES 
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The microbiological safety of food products is of interest to all contributors to the 
foodstuff supply chain to provide secure merchandise to consumers. The Agrifood 
GPS project aims to propose new analytical approaches in order to better assess the 
food safety risks. In this context, Raman spectroscopy was used for the identification 
of bacteria. This technique offers new opportunities to rapidly and efficiently ascertain 
the presence of pathogens in food samples. Our study proposes the identification of 
most cultivable bacteria present in samples on condition that they are grown on the 
same culture medium proposed by the developed procedure. More than 60 bacterial 
strains belonging to 42 different genera were analyzed and integrated in the database. 
However, the complexity of Raman data and the high number of spectra reveal the 
importance of the chemometric methods in order to create the best statistical models 
necessary for the identification. The results show the advantages of this method in 
terms of simplicity and efficiency, for example, the analysis time is reduced up to 50 h 
against 100 h recommended for Salmonella detection by the ISO standards. Good 
classification was obtained to identify the genus of the most analyzed bacteria. The 
focus is currently to improve the identification at the species level and to evaluate the 
reliability of the developed method towards real samples from food industry. 

 
Keywords: Raman spectroscopy; bacteria; identification; food 
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BIOLUMINESCENT MICROBIAL SENSORS OF ENVIRONMENTAL POLLUTION: 

GENETIC MANIPULATIONS 
 
Shimshon Belkin1 and Sharon Yagur-Kroll1  
 
1Institute of Life Sciences, the Hebrew University of Jerusalem, Israel 

 
The small size requirements, rapid responses and sensing versatility of 

bacterial-based whole-cell biosensors allow their integration into diverse types of 
devices, for laboratory as well as field applications, for environmental, pharmaceutical, 
security and industrial uses. The relative ease by which molecular sensing and 
reporting elements can be fused together to generate dose-dependent quantifiable 
physical (luminescent, fluorescent, colorimetric, electrochemical) responses to 
pre-determined conditions allows the construction of diverse classes of sensors. Over 
the last two decades we and others have employed this principle to design and 
construct microbial bioreporter strains for the sensitive detection of (a) specific 
chemicals of environmental concern (heavy metals, halogenated organics etc.) or (b) 
their deleterious biological effects on living systems (such as toxicity or genotoxicity). 
In many of these cases, additional molecular manipulations beyond the initial 
sensor-reporter fusion may be highly beneficial for enhancing the performance of the 
engineered sensor systems. In the present communication we highlight several of the 
approaches we have adopted over the years to achieve this aim. These will be 
presented along with several examples for sensor systems we have developed, 
including flow-through biochips for water toxicity monitoring, live cell printing onto solid 
surfaces, bioreporter panels for the detection of antibiotic compounds, genome-wide 
live sensor cell arrays, and live cell microbeads for the remote detection of buried 
landmines and other explosives. 

.  
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A CRITICAL REVIEW OF CHEMICAL LUMINESCENCE: FROM 
CONVENTIONAL TO WHOLE-CELL BIOSENSORS 

 

 
Aldo Roda1, Elisa Michelini, Luca Cevenini, Mara Mirasoli, Martina Zangheri  
 
1 Laboratory of Analytical and Bioanalytical Chemistry, University of Bologna , Bologna, 40123 Italy 
 
Chemical luminescence offers a suite of complementary detection principles relying 
on chemical generation of the emitters in a singlet excited state, namely 
chemiluminescence (CL), bioluminescence (BL), electrogenerated 
chemiluminescence (ECL) and thermochemiluminescence (TCL). Despite a relatively 
low intensity of the generated light, this is characterized by a very high signal/noise 
ratio offers the possibility to employ different analytical formats, from simple 
microarrays, microfluidic driven devices, lateral flow cartridges and smartphone 
embedded devices. These features, associated to instrumental and technical 
advancements in miniaturization, enable the analysis of small-volume samples, 
leading to the development of miniaturized and multiplexed biosensors. In particular 
genetically engineered cells (bacteria, yeasts, or mammalian cells) based on reporter 
gene technology able to produce a BL signal in response to the analyte and their 
implementation in different analytical devices with applications ranging from 
environmental to forensic, medical, and food analysis.  
We present different approaches aimed at incorporating genetically engineered BL 
whole-cell biosensors into portable devices relying on different formats, including 
array cartridges and microfluidic chips fabricated via polydimethylsiloxane (PDMS) 
molding or 3D printing, and exploiting as detectors handheld cooled CCD and 
smartphone-integrated BI-CMOS. In an effort to obtain bioreporters with enhanced 
analytical performance suitable to chip integration, we develop genetically engineered 
bioluminescent magnetotactic bacteria (BL-MTB), which have the ability to orient 
according to an external magnetic field and used with a PDMS magnetic field driven 
microfluidic chip as general toxicity sensor. Additionally, mammalian cells lines have 
been engineered with different luciferases and integrated into a 3D printed 
smarthphone-based device for multiplexed analysis. 
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MICROBIAL BIOSENSOR METHODS FOR REACENT ORGANIC POLLUTION 

 
Hideaki Nakamura 
 
Department of Liberal Arts, Tokyo University of Technology, Tokyo 144-8535, Japan 

 
Recent organic pollution is caused by phosphorus-based anthropogenic 

eutrophication, which occasionally lead heavy metal pollution. In this presentation, 
causes of the recent organic pollution in ecological system are briefly introduced, and 
our approaches, based on studies of microbial biosensor methods as tools for 
estimating the degrees of the recent organic pollution and heavy metal pollution, are 
introduced.  

As the microbial biosensor methods for the recent organic pollution, we have 
developed single or double mediator method, chemiluminescence method applying 
the principle of the double mediator method, and highly sensitive isothermal 
absorptiometric method. In the absorptiometric method, we have also developed a 
biosensor method for sea water using salt-tolerant yeast. 

In the approaches of the microbial biosensor methods for heavy metal pollution, we 
have developed unique technique employing damped metabolic oscillation induced in 
living yeast cells. In addition, other environmental water biosensor methods for 
eutrophication, agriculture, and viable microbial assay are also introduced. 

Finally, future perspectives of our microbial biosensor developments for 
environmental analysis relating to the organic pollution are discussed.  

 
Keywords: Microbial biosensor, Organic pollution, Eutrophication, Ecological system 
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MICROBIAL BIOSENSORS AND FUEL CELLS: FROM ENVIRONMENTAL 
APPLICATIONS TO RENEWABLE SOURCES OF ELECTRIC ENERGY  
 
 
A.N. Reshetilov 
Laboratory of Biosensors, G.K. Skryabin Institute of Biochemistry and Physiology of Microorganisms, 
Russian Academy of Sciences, Pushchino, Moscow Region, 142290, Russia 
 
 
Research into the development of biosensors in the Russian Federation started in the early 1990s; both 
initially and subsequently it was based on own ideas and the knowledge of the international scientific 
community. The first works were aimed at the development of enzyme and microbial biosensors; 
electrochemical biosensors were primarily developed. The aim of this analytical review is to consider the 
applied potential of microbial biosensors and highlights the results obtained in developing models of 
analytical devices for detection of readily utilizable useful organic compounds (carbohydrates, alcohols, 
organic acids) and toxic compounds (hydrocarbons, surfactants). The basis of those biosensors were 
Clark-type electrodes. The studies were typical of the starting period of research in the Russian 
Federation. They were followed by the second wave of research, the purposeful application of 
microorganisms for assessment of biochemical oxygen demand (BOD). A new, third wave of the search 
was aimed to study the characteristics and to develop microbial biosensors based on mediator charge 
transfer. The development of microbial biofuel cells not distinctly different from microbial biosensors can 
be considered to be the fourth phase of research. This trend yielded several positive results: fragments of 
cell membranes (membrane fractions) were intensively used; nanomaterials were applied to develop 
electrodes; a novel approach based on the converter-based accumulation of electricity was applied for 
accumulation of electric energy. The review considers these topics and process parameters.  
 
Keywords: microbial cells, BOD assay, biofuel cells, converter accumulation of electricity 
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Genetically-engineered microbial biosensors for environmental 
monitoring 
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Whole cells based biosensors because of their simplicity and sensitivity have attracted a 
great deal of interest as analytical tool for monitoring a wide range of targets, including 
environmental pollutants. However, these sensors lack selectivity. In this presentation, I 
will focus on whole cell biosensors that are based on genetically-modified 
microorganisms with desirable outputs to improve selectivity. Various genetic and 
protein engineering and synthetic biology techniques for the construction of microbial 
biosensors with desired outputs for improved selectivity and sensitivity will be presented. 
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MICROFLUIDIC DEVICES 
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A wider acceptance of microfluidic devices in academic environments, but also in 
smaller companies, is often hampered because of the limited availability of a decent 
number of microfluidic chips for testing purposes. At the same time, the flexibility to 
allow for fast changes in the chip design in the prototyping phase is also highly 
desirable. 
Exploiting fast photo-induced polymerisation of certain resins (e.g., thiolene materials), 
a roll-to-plate method to prepare microfluidic channel manifolds, functionalize the 
channel surface (patterned, if desired), and bond/seal those channels is being 
developed. The fabrication builds on a combination of moulding and 
photochemistry/photo-patterning, and provides an attractive alternative to injection 
moulding for medium to high number production of microfluidic devices, with the 
added benefit of being able to use a single piece of equipment for fabrication, surface 
modification and sealing. 
We describe the current setup for this approach and discuss remaining challenges 
with respect to polymer rheology, possible feature sizes, and throughput restrictions. 
Applications of these devices, in particular for pharmaceutical analysis, will also be 
discussed. 

 
Keywords: microfluidics, lab-on-a-chip, polymer microfabrication, roll-to-plate imprint 
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Microfluidics is a very important discipline for many fields including synthetic and 
analytical chemistry, biochemistry and biology. However, the design of most 
microfluidic systems has remained largely unchanged since the introduction of soft 
lithography. In academia, microfluidic systems made from polydimethylsiloxane 
(PDMS) have become the de-facto standard. These are usually created in a 
replication process from a photolithographically structured layer of photoresist.  
 
However, in many applications fast concept-to-chip intervals are required for efficient 
experimental throughput and quick design optimization. This is where 3D printing and 
additive manufacturing (AM) can make a significant contribution. We recently 
introduced “Computer Aided Microfluidics (CAMF)” a process that allows the 
conversion of digital chip layout to a testable physical structure in less than a day. 
Using digital models allows a streamlined manufacturing process with digital models 
first being evaluated by numerical simulation before being transferred to a physical 
structure in a one-step manufacturing process. We recently expanded the material 
choice for CAMF from conventional photoresists (such as e.g., SU-8) to glass (which 
is created by sintering from photocurable glass prepolymers) and thermoplasts, most 
notably polymethylmethacrylate (PMMA) for which we created photostructurable 
precursors. This allows the rapid manufacturing of microfluidic systems in materials 
which have a long history in microfluidics and have been thoroughly investigated with 
respect to their bulk and surface properties.  
 
We will demonstrate the advantages of this prototyping method and its potential use in 
many aspects of life sciences and analytics.  

 
Keywords: Rapid prototyping, microfluidics, CAMF, thermoplasts, glass 
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Stereolithography is a rapid prototyping technique which can be used to produce 
complex 3D components with high dimensional resolution. This technology, when 
applied to microfluidics, can enable rapid production of multilayer fluidic networks for 
detection of species in analytical chemistry and bioanalysis. Efforts in microfluidic 
design and research to date have mainly focused on the integration of active (e.g. 
heating, pumping, etc.) and passive elements (sensors, filters, etc.) in a monolithic, 
application-specific system. These monolithic systems are often expensive in labor 
and components and are commonly single-use. A modular design approach provides 
the ability to rapidly create novel multi-functional designs. In this work, novel designs 
were 3D printed using stereolithography to provide an array of detection capabilities in 
a multifunctional modular re-usable design. Designs include integrated temperature 
control, PCR amplification, various mixing/separation designs, and various detection 
elements into the modular elements. Availability of different modular elements enables 
rapid assembly of assay designs and optimization for different bio-speciation 
applications. Initial designs are presented and discussed in terms of applications such 
as detection of pathogens in milk, detection of dengue in blood samples, micro RNA 
profiling for pancreatic cancer, and detection of endotoxin in IV buffer. 

 
Keywords: Stereolithography, modular, microfluidics, separation, detection 
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ELECTRONICS 
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Printed biosensors in the form of blood glucose strips were arguably some two 
decades ahead of their time in printed electronics. Now, with the advent of a broad 
array of new functional materials with characteristics such as organic, nanostructured  
solution processability, in combination with printing and low cost 2D and 3D system 
integration approaches, the field is now developing rapidly, allowing the fabrication of 
novel, integrated systems for new medical applications.  
 
Our research group has been developing a number of point-of-care diagnostic 
devices based on organic and printed electronics. Sensors based on inkjet-printed 
polyaniline nanoparticle-modified electrodes have been used as the basis of a breath 
diagnostic device for measuring breath ammonia. The sensors were capable of 
measuring ammonia down to several parts per billion in human breath and were 
studied in haemodialysis patients. Further print-processable materials are now also 
being developed to measure other trace breath gases such as acetone for monitoring 
diabetes.  
 
Sensor systems for cholesterol are being developed by combining organic and printed 
electronic components such as biosensors, batteries, displays and organic circuits to 
create fully integrated devices. The ‘SIMS’ device is being developed which aims to 
transform the simplicity with which blood cholesterol levels can be measured, with the 
aim of improving the management of hypercholesterolaemia. 
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The X-ray fluorescence (XRF) is a method for the characterization of inorganics 
elements in a sample. It is based on the measurement of the intensity of the fluorescent 
light emitted by a chemical element subjected to a continuous X-ray radiation. A XRF 
spectrum can provide qualitative and quantitative information on the composition of a 
suspect sample (active ingredient, excipients and coating).  
 
This technic has been implemented for the study of Plavix samples and several 
adulterated samples have been characterized. Indeed, analysis of the amount of sulfur 
and chlorine showed a lack of active substance. The presence of other undeclared 
elements (Mg, Si, Ca and Fe) also concluded in a different formulation than the genuine 
product. The principal components analysis of XRF spectra is a tool supporting the 
interpretation of the spectra. The XRF method was also applied to the analysis of a 
soap in which mercury/iodine were detected. Finally XRF spectrometry was 
implemented on raw materials in the framework of the API fingerprint. The study 
achieved in the discrimination of samples according manufacturing sources and based 
on inorganic features. 
 
XRF technique is fast and non-destructive. It is a valuable tool for the comparative 
analysis such as counterfeit detection or API fingerprint, and for the screening of major 
elements.  
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SPECIATION IN FLOATING MACROPHYTES 
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It is well known that phytoremediation is an efficient tool for contaminated waters 
purification. Despite of its extensive use for water cleaning in environment the 
essence of this phenomenon remains unclear. So the problem associated with the 
study of elements transformation and transport inside the plants is of current interest. 
Special attention is paid to the development of hyphenated systems the selectivity of 
which with respect to certain species is provided by pre-separation in combination 
with the subsequent detection of individual species using element selective detectors. 
In present work authors suggested an approach for identification of cadmium and 
mercury species in water hyacinth which is based on the analytes extraction followed 
by their HPLC separation with UV and element-selective detection and determination 
of amino acids and thiol groups in the isolated fractions. The optimal parameters for 
the interfacing of microcolumn chromatograph and ICP-AES have been developed. It 
has been shown as a result that cadmium and mercury containing compounds can be 
attributed to peptides similar to phytochelatins. 
In contrast to the traditional “black box” cosiderations, investigations of contaminant 
speciation in plant tissues have given sound understanding of the phytoremediation 
phenomenon. Such advancements could provide a basis for future improving the 
efficacy of the biological remediation processes. 
This work was supported by the Russian Foundation for Basic Research [№ 
14-03-31971]. 
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Mercury (Hg) is one of the most toxic pollutant mainly in form of methylated species 
such as monomethylmercury (MeHg). Recent investigations revealed that MeHg can 
be absorbed and accumulated not only along the aquatic food webs but also by plants, 
i.e. rice crops, becoming an important route of human exposure to MeHg via diet 
intake that it has been neglected up to now. Therefore, the determination of Hg 
species concentrations in plants becomes a special concern. Currently, the analytical 
methodologies for this type of analysis are still scarce and they do not allow a 
simultaneous determination of different Hg species. Hence, the aim of this work was 
the development of a method which enables the simultaneous extraction and 
determination of MeHg and inorganic Hg in rice and aquatic plants. 
The methodology is based on the extraction of Hg species by closed-vessel 
microwave extraction, using both acidic or alkaline extractants, and a subsequent 
derivation by ethylation and analysis by gas chromatography coupled to atomic 
fluorescence detection via pyrolysis. A rigorous validation scheme was followed. The 
methods were validated by analyzing three certified reference materials (BCR60 
(aquatic plant), NCS ZC 73027 (rice) and BCR 482 (lichen)) reporting concentrations 
that were in good agreement with the certified values. They were also successfully 
validated by obtaining quantitative recoveries in aquatic plants spiked with MeHg. 
Finally, these strategies for Hg speciation analysis were also evaluated and compared 
in terms of accuracy, precision, repeatability and reproducibility with satisfactory 
results in all cases. 
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GCXGC-MS AND FT-ICR-MS 
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Chemical analysis of organic constituents in coal and biomass and their conversion 
products is a challenging task because these samples contain thousands of compounds.  
Analysis of vaporizable compounds up to molar masses of about 400 Da is feasible by 
means of comprehensive gas chromatography (GC×GC) hyphenated to time-of-flight 
mass spectrometry (TOF-MS). The two-dimensional separation plane is structured by 
distinct areas populated by the compound classes of alkanes, alkenes, aromatics as well 
as of oxygen functionalized compounds, e.g., phenols, guaiacols and benzenediols.  
The similarities of mass spectra within a given compound class enable classification 
models to be developed that can be used to assign unknown compounds to a certain 
chemical class.  
Compounds of higher molecular masses can be analyzed by Fourier transform ion-
cyclotron-resonance mass spectrometry (FT-ICR MS). For analysis of liquid samples 
from pyrolysis, extraction or liquidation of coal the mass spectrometer has to be 
interfaced to ionization techniques, such as, ESI, APCI or APLI and might be coupled 
with LC or GC. The ultra-high resolution FT-ICR-MS technique provides molecular 
formulas for each observed compound. These molecular formulas can be visualized by 
VAN KREVELEN diagrams and KENDRICK mass defect plots revealing important 
characteristics of the processed energy feed stocks and their conversion products. The 
pros and cons of the different ionization techniques will be discussed in the light of 
analyzing as many constituents as possible. For direct and local analysis of solid 
samples of coal and biomass laser desorption/ionization mass spectrometry (LDI-MS) 
will be explored.  

 
Keywords: GCxGC-MS, FT-ICR-MS, coal, pyrolysis  
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The increasing demand for petroleum by emerging economies, the predicted shortage 
of fossil fuels, as well as related environmental concerns, are pushing up the search 
for new sources of liquid fuels. It is expected that a significant part of future 
sustainable fuels will be produced by biomass resources. The investigated bio-oil, 
obtained by hydrothermal liquefaction (HTL) of municipal organic waste, is very 
complex, with a high percentage of carbon and a high content of etheroatoms, in 
particular nitrogen and oxygen. 
This bio-oil displays its potential as biofuel for mobility and electricity generation. 
However, its acidity represents a main concern for cost effective and efficient 
processing. Indeed, the bio-oil acidity is generally higher than crude oil with a TAN 
(total acidic number) of about 20 and up to 100 mg KOH/g, according to the 
composition of the biomass employed in the HTL process.  
In this work we performed a fractionation of the bio-oil according to the specific acidity 
of the main components (Fatty acids-FAs, phenols, nitrogen containing acidic 
compounds and basic nitrogen containing compounds). Each of these fractions was 
characterized at the molecular level through a petroleomic (combined ESI/APPI) 
FTICR MS based approach and their TAN value was determined. The acidity was 
confirmed to be mainly due to the FAs content of the bio-oil, and related to the 
amounts of lipids contained in the starting biomass. A linear correlation between 
acidity and FAs content was found for two bio-oils obtained from two different 
biomasses. 

 
Keywords: FTICR Mass Spectrometry, Renewable energy, Industrial and process analysis. 
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Heavy oils and vacuum residues are expected to be increasingly used due to the 
progressive depletion of lighter crudes and the decrease of the fuel oil demand. They 
contain a large mass fraction of heavy and polar compounds known as asphaltenes 
which can originate problems both in production and in conversion of crudes. To 
improve the capability to treat asphaltenes is important to know their molecular 
structure but the presence of a huge multitude of different species, heavy and highly 
aromatic, eludes their chemical identity. One of the most difficult feature to obtain is 
their molecular weight (MW) and it has been a controversy for decades. The main 
problem arises for their “strong” tendency to aggregate because of the - aromatic 
interactions in their large polyaromatic sheets. 
The techniques usually applied to determine MW are vapor pressure osmometry 
(VPO) and gel permeation chromatography (GPC). Both are limited by aggregation of 
asphaltenes and for GPC pericondensed polyaromatic hydrocarbons tend to elute 
later than expected, giving MW values too low. More recently new techniques are 
proposed: atmospheric pressure photo-ionization-MS (APPI-MS) and time-resolved 
fluorescence depolarization (TRFD). We have applied GPC, APPI-MS and TRFD to 
three different asphaltene samples, one obtained from a native crude and two from 
the corresponding products after hydrotreating. The comparison of the MW values 
obtained with these very different techniques provides some insights into the benefits 
and limitations of each. All techniques show the reduction of asphaltene MW after 
hydrotreating.  

 
Keywords: Asphaltenes, Molecular Weight, GPC, APPI-MS, TRFD 
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Flame atomic absorption spectrometry and flame molecular absorption spectrometry 
are mainly used for elemental analysis of aqueous solutions. The work with organic 
solvents is possible if special, organic solvent resistive materials are used for the 
construction of the whole sample introduction - spray chamber system as well as if 
appropriate amount of additional oxidant can be delivered for combustion of both 
acetylene and measured solution. Direct analysis using organic solvents is usually 
recognized as problematic, but it is also very attractive. First of all, many organic 
samples (e.g. crude oil, petroleum products, biocomponents, biofuels, edible oil) can 
be analysed directly or just after simple dilution. Low dilution coefficient enables to 
obtain low detection limit in a fast and cost-effective way. The detection power can be 
further increased due to better sensitivity. The main difficulty of such analyses is huge 
variability of analytical signal depending on analyte chemical form and/or 
matrix/solvent.  
 
A systematic research has been undertaken where a series of solvents was 
investigated: alcohols, ketones, aliphatic and aromatic hydrocarbons. The solvents 
have been chosen for dissolution of middle petroleum distillates and some processed 
wastes, considered to be biocomponents for second generation biofuels. The aim of 
the optimization was maximization of sensitivity and minimization of signal variability. 
The investigations to find correlation of signal magnitude and signal variability on 
physical properties of solvent and solvent molecule composition/structure were 
performed. Most of the experiments were done using acetylene – nitrous oxide flame 
for silicon determination. High-resolution continuum source spectrometer assured 
effective control of spectral effects. 

 
Keywords: organic solvent, flame technique, petroleum analysis, biofuel analysis 
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The identification and quantification (i.e. speciation) of species liable to poison 
refining catalysts in oil production is a real analytical challenge. These species are 
substances generated by the degradation of polydimethylsiloxane (PDMS) used as 
antifoaming. To date, the poisoning mechanisms have been poorly understood since 
the knowledge was based on tests only relying on model molecules or on total Si 
determination mostly by ICP-OES. The main issues altering the industrial processes 
are the presence of silicon in trace amounts (ppb to ppm) in complex matrices which 
are likely to change quickly. 

 
An innovative study was conducted, combining four original actions in the field of 
speciation for the first time: a PDMS degradation experiment in real conditions and at 
high temperature in a specially adapted pilot plant, storage under liquid nitrogen of 
the samples produced in order to prevent their evolution in time, a multi-technical 
approach based on advanced analytical tools (SEC-ICP/MS, FT-ICR/MS, GC/MS, 
GC-ICP/MS, GC-GC or GCxGC/TOFMS and MSn) and the analysis of real petroleum 
products. More than hundred substances from twelve different chemical families were 
characterized. The presence of silicon species has been demonstrated in all oil cuts. 
Cyclic siloxanes (Dn) were the main recovered degradation products of PDMS. 
However, some of the molecules, characterized for the first time in trace amounts, 
possess reactive functions (hydroxy, methoxy or hydroperoxy) able to react with the 
catalyst very rapidly and potentially cause its deactivation. 

 
These original results open up new avenues for understanding poisoning mechanisms 
and eliminating the substances responsible. 

 
Keywords: Silicon, speciation, traces analysis, petroleum products 
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With large theoretical specific surface area and abundant oxide containing groups, 
graphene oxide (GO) might become an idea matrix for proteome sample preparation. 
In our recently study, we prepared several kinds of novel functionalized GO materials, 
and successfully applied them into the proteome sample preparation. The wide 
dynamic range in abundance brings great challenges to the in-depth plasma 
proteome analysis. Herein, an intact protein fractionation method was proposed by 
the incubation of plasma with GO/PEI/Au/PEG under different pH values before 
digestion and LC-MS/MS analysis. With decreased proteome complexity, the 
identified protein number was improved from 808 to 2023 after fractionation by 
nanocomposites, which broadened the dynamic range of identified proteins in 
abundance from 7 to 9 orders of magnitude. Glycoproteins played important roles in 
various biological procedures. However, due to the low concentration and poor 
ionization capacity, the enrichment of glycoproteins or glycopeptides before 
LC-MS/MS analysis is indispensable for glycoproteome analysis. Recently, 
GO/PEI/Au/L-Cys nanocomposites were synthesized and used as a novel kind of 
ZIC-HILIC material to achieve the selective enrichment of N-linked glycopeptides. Due 
to excellent hydrophilicity, 87 glycoproteins were identified from 5 μg of the tryptic 
digests of human plasma, better than that obtained by commercial HILIC materials. 
Furthermore, GO/PEI/Au/Aptamer nanocomposites were also prepared, and 
successfully applied to the specific capture of target proteins, such as -thrombin and 
histone, and even cancer cells.  
 

 
Keywords: GO, plasma proteome, glycoprotein, aptamer 
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About 1.5 - 2 % of people experience the burden of a chronic wound in the course of 
life, a percentage doomed to increase in western countries with the progressive 
ageing of population. Wound healing arises through a sequence of phases such as 
haemostasis, inflammation, proliferation, and tissue remodelling or resolution. A 
chronic wound occurs when an acute wound fails to heal within the normal time frame 
of 2-6 weeks (depending on the type of wound) because it gets stuck to one of these 
phases. In the last century, just a handful of technical advances have provided 
substantial contributions to wound management. Today, wearable sensors are 
creating great expectations for their potential to allow a remote monitoring of physical 
and chemical parameters such as wound bed temperature, pH and metalloproteases 
activity. SWAN-iCare is a project funded by the European Commission aiming at 
developing an integrated autonomous device for the monitoring and the personalized 
management of chronic wounds, mainly diabetic foot ulcers and venous leg ulcers. 
In the present study, the fabrication, testing and validation of wearable sensors based 
on temperature and pH responsive nanocomposite materials developed within the 
project activities is reported. Carbon nanostructures such as carbon nanotubes and 
graphene were used to provide electrical conductivity and sensitivity to the 
parameters of interest to otherwise insulating, non-responsive materials. Issues 
concerning biocompatibility related to the use in contact with the wound bed are also 
addressed. 

 
Keywords: Wearable sensors, Chronic wounds, Temperature, pH 
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Chronic exposure to airborne substances such as house dust mite increases the risk of 
allergic sensitization. Therefore systems which monitor temporally fluctuating airborne 
allergen concentration in indoor air is necessary for prevention. However, rapid and repetitive 
measurement in immunoassay is challenging due to mass transfer limitations or imperfect 
regeneration of a sensor surface. In this contribution, we develop a shear-horizontal surface 
acoustic wave (SAW) immunosensor modified with a regeneration resistant protein (Orla 
protein), and demonstrate repetitive measurement of a mite allergen, Dermatophagoides 
farinae group1 (Der f1). 
SAW is excited at a center frequency of 250 MHz and propagating along a gold-coated delay 
line surface that is used as a sensing area. The sensor surface is modified with a 
commercially available antibody binding kit (Orla Protein Technologies, UK) comprising Orla 
protein with protein G and ethylene glycol terminated alkane thiols (HS-C11-EG3). For Der f1 
measurement, sandwich assay is employed with capture antibodies (c-Ab) crosslinked to 
protein G (Fig.1a). In the demonstration, Der f1 and detection antibodies (d-Ab) are 
repetitively bound and regenerated with pH treatment. 
Fig.1b shows the responses to 100 ng･mL-1 Der f1. The d-Ab bindings (Pd-Ab) are well 
reproduced for 6 titrations with the coefficient of variation of 5.9%. Besides, a clear response 
is observed for 10 ng･mL-1 Der f1 that is lower than the World Health Organization's guideline 
for sensitization to house dust mites (20 ng･mL-1). These experiments demonstrate that the 
developed SAW immunosensor can be incorporated into on-site allergen monitoring systems. 
 

 
Fig.1 (a) Schematic of the SAW immunosensor and (b) the sensor responses for (●) 
the 1st titration and (△) the 6th. Ri: rinse; Re: regeneration. 
 
Keywords: repetitive immunoassay, regeneration resistant protein, surface acoustic wave, 
dust mite allergens 
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Currently, a small number of diseases, particularly cardiovascular (CVDs), 
oncologic (ODs), neurodegenerative (NDDs), chronic respiratory diseases, as 
well as diabetes, form a severe burden to most of the countries worldwide. 
Hence, there is an urgent need for development of efficient diagnostic tools, 
particularly those enabling reliable detection of diseases, at their early stages, 
preferably using non-invasive approaches. Breath analysis is a non-invasive 
approach relying only on the characterization of volatile composition of the 
exhaled breath (EB) that in turn reflects the volatile composition of the 
bloodstream and airways and therefore the status and condition of the whole 
organism metabolism. Advanced sampling procedures (solid-phase and needle 
traps microextraction) coupled with modern analytical technologies (proton 
transfer reaction mass spectrometry, selected ion flow tube mass spectrometry, 
ion mobility spectrometry, e-noses, etc.) allow the characterization of EB 
composition to an unprecedented level. However, a key challenge in 
EB analysis is the proper statistical analysis and interpretation of the large and 
heterogeneous datasets obtained from EB research. There is no standard 
statistical framework/protocol yet available in literature that can be used for EB 
data analysis towards discovery of biomarkers for use in a typical clinical setup. 
Nevertheless, EB analysis has immense potential towards development of 
biomarkers for the early disease diagnosis of diseases. 
 

Keywords: Exhaled Breath (EB) analysis; Disease diagnosis; volatile organic compounds 
(VOCs), volatile fingerprint 
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Bioactive lipids, including oxylipins and endocannabinoids, may function as specific 
biochemical markers of certain aspects of inflammation. Oxylipins comprise traditional 
eicosanoids, and also other fatty acid metabolites, derived via the cyclooxygenase and 
lipoxygenase pathways, as well as epoxides and diols produced by cytochrome P450 
and soluble epoxide hydrolase. Among the endocannabinoids, the other group of fatty 
acid metabolites under study, the most well studied are cannabinoid receptor ligands 
anandamide (AEA) and 2-arachidonoyl glycerol (2-AG). 
Little is known about bioactive lipid levels, especially among the endocannabinoids, in 
lung lavage fluid such as bronchial wash (BW) and bronchoalveolar lavage (BAL).BW 
(N=30) and BAL (N=30) were collected from healthy subjects using a bronchoscope 
and sterile saline solution (2 x 20 mL for BW followed by 3 x 60 mL for BAL collection). 
Targeted UPLC-ESI-MS/MS (in MRM mode) were developed and validated to profile 
15 endocannabinoids and 42 oxylipins. Limit of quantification for oxylipins was in the 
range 0.0005 - 4.2 pg on column and for endocannabinoids 0.5 - 1000 fg on column. 
Accuracy (85-119%), precision (< 17%) recoveries rates (40-109%) were in line with 
FDA guidelines.  
Oxylipin levels in BAL, of the 28 quantified compounds, were 0.27 – 413 pM and in BW 
0.39 – 626 pM. 12,13-EpOME, 9,10-EpOME and 13-HODE were present in the highest 
levels. Six endocannabinoids were found in BW and BAL in the range of 7.4 -344 pM 
and 0.37–181pM, respectively. PEA and SEA were the most abundant among the 
endocannabinoids. 
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Lithium ion batteries have fond increasing use since the years 2000. They are particularly 
associated with the market development of cordless communication technologies (cell 
phones, laptops, tablets), and also for electromobiliy applications such as e-bikes, plug-in 
hybrids and full electric vehicles. With their increasing use, a number of concerns have 
arisen in the public in recent years. The larger scale of batteries for electrotransportation 
increases the hazard arising from malfunctioning or misuse significantly, and has thus 
prompted detailed studies regarding their safety and particularly that of their electrolytes 
under extreme conditions [1]. 
This electrolyte, consisting of a mixture of organic carbonates with the addition of a suitable 
lithium salt, degrades already under conditions of normal use, but even more so under 
extreme conditions of temperature or overcharging/overdischarging, as well as under 
mechanical stress. Volatile degradation products are formed that represent both a fire or 
explosion hazard, and also may be toxicologically relevant [2].  
We report here on the chromatographic characterization of the organic electrolyte and its 
volatile degradation products under conditions of normal use as well as of thermal 
exposure and electrochemical stress. The great variety of reaction products formed under 
these conditions requires various GC/MS and HPLC/MS techniques to be used for the 
characterization of the volatile degradation products and the electrolyte, respectively. 
Both off-line and on-line approaches for the sampling of the volatile emissions have been 
investigated and will be presented, the latter also allowing the dynamic behavior of the 
emissions to be studied. Various experimental set-ups have been developed and applied 
to this end, allowing to assess the hazard arising from the use of Lithium ion batteries [3,4]. 

 
Keywords: Lithium ion batteries, electrolyte degradation, volatile organic products, GC/MS, 
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A novel method has been developed for the determination of all five arsenic species 
known to exist in atmospheric particulate matter (PM): arsenite (iAs(III)), arsenate 
(iAs(V)),  methylarsonate (MA), dimethylarsinate (DMA) and trimethylarsine oxide 
(TMAO). Although the methylated species have been detected in PM since the 70’s, 
most recent studies focus mainly on the two inorganic As species and less on DMA 
and MA, almost totally ignoring TMAO. In the present study an HPLC system with a 
dual cation and anion exchange column configuration connected to an arsine 
generator ICP-MS system provided complete separation of all five As species and 
limits of detection from 10 to 25 pg As mL-1. This method was applied for As speciation 
analysis in water extracts of the inhalable fraction of atmospheric PM. Eighty one 
samples were collected, most during Saharan dust events, from a semi-rural area, 
and analyzed. The total water extractable arsenic ranged from 0.03-0.7 ng As m-3, 
values that are representative for remote areas. iAs(V) was the most abundant 
species with mean concentrations of 0.139 ng As m-3 for PM2.1 & PM2.5, followed by 
TMAO, DMA and iAs(III) with average concentrations of 27.8 pg of As m-3,  5.8 pg As 
m-3 and 3.2 pg As m-3, respectively. MA was detected in only 6 PM10 samples between 
2.0-5.3 pg As m-3. None of the As species showed any particular trend with the 
presence or intensity of dust events, or seasonality, except for TMAO which showed 
higher concentrations during the colder months. 

 
Keywords: inductively coupled plasma mass spectrometry, arsenic speciation, atmospheric 
particulate matter, cation and anion exchange chromatography, arsine generation, 
trimethylarsine oxide, arsenate. 
 
 
Acknowledgements: The work part of the project "CHEMISAND" is implemented under the 
"ARISTEIA" Action of the "OPERATIONAL PROGRAMME EDUCATION AND LIFELONG 
LEARNING" and is co-funded by the European Social Fund (ESF) and National Resources. 

O076

120 sur 745



 
 

ETV-ICP-OES MEASUREMENT OF RARE EARTH ELEMENTS RETAINED 
ON NATURAL BIO-PARTICLES COVERED WITH IONIC LIQUID 

 
Sara. Hossein Zadegan1, Winfried. Nischkauer 1 Katharina. Bica2, and Andreas. Limbeck1.   

 
1 Institute of Chemical Technologies and Analytics, Vienna University of Technology, Vienna, 1060, 
Austria. 
2 Institute of Applied Synthetic Chemistry, Vienna University of Technology, Vienna, 1060, Austria. 

 
Rare earth element (REE) impurities in phosphate fertilizers, used in agriculture, have 
low to moderate toxicity. Despite REEs positive effects on plant growth, REEs in soil 
might enter the human food-chain. To analyze multi elements, inductively coupled 
plasma optical emission spectrometry (ICP-OES) is used. However, determination of 
REEs by ICP-OES needs enrichment prior to analysis due to their low concentration 
in fertilizers.  
In this work, an innovative approach is presented, which is based on preliminary 
enrichment of REE using dispersed particle extraction (DPE), followed by sensitive 
measurement by means of electro thermal vaporization (ETV) coupled to ICP-OES. In 
DPE, adsorbent particles are dispersed in the sample solution, after a reaction time of 
few minutes the supernatant is separated from the analyte containing sorbent 
particles. The applied adsorbent is a natural bio particle, Lycopodium clavatum spore, 
with the size of 30 ± 4 µm (from SEM images) and high porosity which was covered by 
an ionic liquid salt [P66614][BEHPA] as the ion exchanger. For element specific analysis, 
the precipitated particles are transferred into a graphite boat and measured using 
ETV-ICP-OES, which allows an efficient separation of the organic sorbent matrix and 
thus an interference free measurement of REE. Using the inexpensive nature-made 
particles with easily tunabled ionic liquid for analyte enrichment in combination with 
ETV-ICP-OES analysis has been found to provide sufficient sensitivity but also high 
reproducibility.  
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Selenium (Se) is a trace element of great ecological significance, due to its dual role 
as both essential micronutrient for living organisms and environmental contaminant, 
owing to a narrow range between deficiency and toxic concentrations. Most of the 
published studies on Se reactivity in soil-plant system have been carried out at high 
Se concentrations; in that case there is a potential bias when reporting data to natural 
system containing lower Se levels. Therefore, sensitive and precise analytical methods 
are needed to perform studies at ambient levels. An attractive approach to get reliable 
investigation of dynamic environmental processes consists in the use of enriched 
stable isotopes as tracers. In this study, an analytical methodology involving the use of 
stable enriched tracers in conjunction with inductively coupled plasma mass 
spectrometry (ICP-MS) was developed to investigate Se fate in soil-plant system. 
Operating condition and instrumental parameters of ICP-MS have been firstly 
optimized to overcome the spectral interferences encountered for accurate and precise 
Se isotopic ratio determination in complex environmental matrices.  
According to our results, this labeling method proved to be very effective in monitoring 
kinetic of evolution in distribution/speciation changes of both added and endogenous 
Se in soil under real environmental conditions (in situ experiments). Moreover, double 
spike isotopic tracer methodology was applied first time in plant, allowing comparing 
the metabolism of two species-specific Se sources in not-hyperaccumulator plants, the 
ICP-MS sensivity being improved by the use of enriched isotopes. These finding are 
relevant for managing both contamination and Se soil fertilization issues.  
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Counterfeit medicines and adulterated pharmaceutical products, like dietary 
supplements and cosmetics, are a growing threat and a challenge for custom services 
worldwide. Nowadays suspicious products are seized, sent to a laboratory and 
released if they are found to be legal. Although if the product is legal, the blockage of 
the products at customs represents a significant financial loss for the companies. 
Therefore easy to use screening methods that can be used on the inspection sites 
itself would be very useful. 
Attenuated Total Reflectance Infrared Spectroscopy (ATR-IR) is a technique, which 
doesn’t need sample preparation and allows a fast screening of products. In different 
projects our laboratory evaluated the efficacy of ATR-IR combined with basic 
chemometric tools to detect counterfeit medicines and adulterations in different 
matrices.  
In a first study it could be shown that ATR-IR and chemometrics are capable of 
discriminating between genuine, generic and counterfeit products containing PDE-5 
inhibitors and to classify these products according to the active ingredients present. In 
a second study it was shown that sibutramine could be detected in herbal matrices 
(dietary supplements) using chemometric models based on ATR-IR spectra. A third 
study showed the ability of ATR-IR and chemometry to detect/identifiy skin bleaching 
agents in cosmetic matrices. 
Therefore ATR-IR using preprogramed models, built with a representative training set 
of samples, can be considered a valuable tool in the first screening of samples at 
inspection sites or at customs especially since no sample preparation is required. 

 
Keywords: ATR-IR, chemometrics, counterfeit medicines, adulterated products 
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The proliferation of counterfeit and poor-quality drugs is a major public health problem, 
especially in developing countries lacking adequate resources to effectively monitor 
their prevalence. Industrialized countries are, for the moment, more affected by the 
phenomenon of adulteration of dietary supplements. Counterfeit medicines and 
adulterated dietary supplements, in addition to the serious health risk they pose to 
populations, constitute a major challenge for analytical laboratories to detect and 
characterize them.  
In the search for adulterants and counterfeit drug, 1H nuclear magnetic resonance 
(NMR) is very attractive. Despite its relatively low intrinsic sensitivity, the main 
advantage of NMR by comparison with other methods is its non-selectivity thus 
providing global information as well as structural information in a single analysis.  
In this study, we used 1H NMR for detecting (i) adulteration of “100% natural” sexual 
enhancement and weight loss dietary supplements and (ii) counterfeiting of 
antimalarial and impotence medicines. The study was conducted on a 500 MHz NMR 
spectrometer demonstrating the power of conventional NMR for the screening of 
these complex mixtures and the quantification of actives. Then, we evaluated the 
potential of a benchtop cryogen-free 60 MHz spectrometer for detection of 
adulteration and counterfeiting and we demonstrated that after a very simple and 
rapid sample preparation, around 20 min of NMR recording are sufficient to detect the 
adulterants and highlight poor quality drugs. This study demonstrated that NMR could 
be introduced in quality control laboratory for routine analysis as an initial routine 
screening tool for unveiling adulteration or counterfeiting. 

 
Keywords: NMR, Dietary Supplements, Adulteration, Counterfeit Medicines 
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The traceability of a given product may be defined as the “ability to trace the history, 
application or location of manufactured or distributed products”. In this context, 
counterfeits based on deliberate copying of processes or on the infringement of current 
patents for generic medicines are not straightforward to detect, unless the molecular 
probe is the active pharmaceutical ingredient (API) itself. In this framework, impurity 
profiling is limited. Techniques employing stable isotope analyses, in contrast, deal 
directly with the API, and are able to strip down the atomic composition of a given 
molecule. Such an intimate constitution is unique, and therefore can be used as a 
means to characterize the drug substance at the different stages of its history. 
The possibility of measuring position-specific 13C/12C ratios (quantification of each 
isotopomer) directly using 13C Nuclear Magnetic Resonance spectrometry (isotope 
ratio monitoring by 13C NMR: irm-13C NMR) has been established recently. The main 
difficulty of irm-13C NMR is meeting the requirement for a high level of precision: better 
than 1‰!  
Thus 13C isotopic profiles of APIs were obtained by irm-13C NMR, including by using 
advanced NMR methodologies as polarization transfer (INEPT). The representation of 
the data can be considered as analogous to that carried out in ‘omic’ approaches: 
comparison of data built up from a multiplicity of variables and collected from several 
samples using the same protocol for which the precision has been established. Thus 
the isotope profile can be considered as an ‘isotopomic’ study. 

 
Keywords: API counterfeiting, irm-13C NMR, isotope profile, isotopomics 
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The emergence of designer drugs as abused substances has seen a dramatic 
increase over the past few years. Customs and Forensic laboratories are faced with a 
challenge for rapidly identifying these new psychoactive substances (NPS), which are 
now appearing at a rate of almost two new substances per week. Customs, as the first 
rampart of the European Union, are responsible for the control of products entering 
the EU/ community market. This control applies to chemicals in general among which 
are NPS, which may not necessarily be controlled under international law, 
pharmaceutical products and medicines. Efficient tools for the rapid and unambiguous 
identification of new designer drugs are needed to enable fast decision making on 
such imported substances. The identification of new derivatives and of new chemical 
structures is time-demanding and requires highly sophisticated analytical 
instrumentation. The Joint Research Centre (JRC) is providing scientific and technical 
support to DG TAXUD and the Customs Laboratories European Network (CLEN) with 
state of the art high resolution Nuclear Magnetic Resonance (NMR) and Mass 
Spectroscopy (MS) laboratory for chemical characterisation of these NPS. A 
repository of spectroscopic data of NPS and of new unknown substances including 
FT-IR and RAMAN spectra will constitute a “cloud spectroscopy system” enabling fast 
identification of NPS in customs and forensic laboratories as well as by portable 
devices used at the borders. The system could possibly be extended to other illicit 
products such as fake and counterfeit medicines. 

 
Keywords: new psychoactive substances, customs, NMR, MS 
 
 
 

O082

126 sur 745



 
 
Low-cost analytical device based on capillary electrophoresis for counterfeits 
detection and sub-standard drug quality control 
Serge Rudaz1, Claude Rohrbasser2, Pascal Bonnabry1 and Julie Schappler1 
 
1 School of Pharmaceutical Sciences, University of Geneva, University of Lausanne, 
Bd d’Yvoy 20, 1211 Geneva 4, Switzerland 
2 Association Pharmelp (http://pharmelp.ch/), Fribourg, Switzerland 
 
The fight against counterfeit medicines is complex and different levels of action are 
necessary. Among them, the quality control of batches imported into the different 
countries can be achieved, although this strategy is often difficult to apply due to a 
lack of suitable analytical equipment in developing countries. Simple, reliable, and 
cost-efficient drug control approaches are needed and the currently used methods 
entail numerous drawbacks such as (i) the availability of reference substances, (ii) the 
maintenance of analytical instruments, and (iii) the availability and costs of 
consumables.   In this context, the use of capillary electrophoresis (CE) appears 
of utmost interest since the separation is achieved in a capillary of reduced dimension 
(total volume of  1 μL), filled with an aqueous buffered solution of electrolytes. No 
organic solvent is needed and injection volumes are in the nanoliter range, which is 
perfectly adapted to the low availability of reference substances. The University of 
Geneva (Switzerland) collaborated with the University of Applied Sciences of Fribourg 
(Western Switzerland) and the Geneva Pharmacy Hospitals (Switzerland) to build a 
low-cost CE device and help transitional countries to fight against counterfeit 
medicines. The low-cost CE was successfully implemented in emerging 
countries, including Mali, Cambodia, Senegal, Democratic Republic of Congo, and 
more recently Rwanda and Madagascar. In order to analyze a high number of 
compounds and benefit from the device with basic chemistry knowledge, simple and 
generic methods were developed. A strategy based on multiple injections was 
validated for the simultaneous characterization and quantitation of important selected 
active ingredient principles (API). 
  

 
Keywords: Capillary Electrophoresis, Sub-standard quality control, Counterfeits, Method 
Validation 
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In the modern society, quality is a horizontal discipline with applications in most (if not 
all) of the professional activities such as primary production, processing, services and 
education. The main elements of a Quality Infrastructure system, namely Metrology, 
Standardization and Conformity Assessment, serve as an enabler for sustainable 
development and facilitator for international trade, through fulfillment of the technical 
requirements set by multilateral trading systems. 
Conformity Assessment is practically organized in a “pyramidal system” in order to 
serve as many enterprises and consumers as possible. Accreditation (at a higher 
level) and Certification (at a lower level) are playing a key role in this “pyramidal 
system”. 
Main goal of Accreditation and Certification is to confirm compliance with standards 
and legislation by relying on objective evidence. This declaration of conformity is very 
often supported by Analytical Chemistry data, provided they are impartial, reliable and 
objective. 
This work describes how Accreditation and Certification are placed and functioning in 
the Quality Infrastructure System and how Analytical Chemistry data are used in order 
to fulfill their goals. Specific examples are presented from environmental sector. 

 
Keywords: Quality, Conformity Assessment, Accreditation, Certification, Laboratory 
Accreditation, Analytical Chemistry and Legislation 
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While relevance of uncertainty in any measurement in science is common knowledge, 
the simple idea that uncertainty connected to any measurement exists is, in many 
regulatory frameworks, not even a concept to be recognised. 
When measurements are used to check “compliance” to regulations and test 
substance is a complex natural or man-made material, in which chemical species 
distribution is not homogeneous in space ad/or time, an additional level of uncertainty 
is introduced. 
Moreover on a current practice level, when testing UVCB substances, wastes, 
recovered materials, flue gases or contaminated soils, multiple sampling and testing is 
not commonly carried over therefore what significance could be attributed to even a 
well performed single measurement? 
Goal of this contribution is to present some EU regulations managing in different ways 
sample variability and uncertainty like food, flue gases, aggregates recovered from 
waste, and propose some topics of discussions and possible common approaches to 
the issue. 

 
Keywords: regulation, UVCB substances, waste, chemical analysis, sampling, environment 
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the role of scientific community 
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Evidence based policy making is a forward looking approach to creating public 
policies with the aim of addressing real problems and relies on evidence, rather than 
short term pressure. The European Union (EU) implements evidence based policy 
making in a number of areas (e.g. environment, public health, climate change) which 
is characterised by a systematic and transparent access to, and appraisal of evidence 
as an input into the policy-making process. Evidence based policy making is 
conditional on two requirements: available reliable scientific evidence and dialogue 
between scientists and policy makers. 
 
A number of practices evolved at various levels for the purpose of evidence based 
policy making in the EU. These can be roughly divided into three groups. Firstly, at the 
level of EU institutions, the permanent scientific advisory structures (i.e. European 
Commission’s committee of seven science advisors, European Parliament’s STOA 
panel) and ad hoc independent expert groups. Secondly, at the level of EU-funded 
projects, scientific data gathered in FP7 and Horizon2020 projects can, in the form of 
policy recommendations, contribute to evidence based policy making. Lastly, at the 
level of the scientific community, international associations (e.g. Science Business, 
EARTO, EuCheMS) can mobilise research institutions and individual scientists to 
contribute to the EU policy making by engaging them in public consultations. 
 
The goal of this contribution is to present, based on examples from the field of EU 
environmental legislation, an overview of the evidence based policy making 
landscape in the EU and thereby related role of an active scientific community.  

 
Keywords: EU, policy making, evidence based, science and innovation, FP7, Horizon 2020, 
environment 
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Passive samplers are usually small tools, directly introduced in water, which will be 
analyzed after several days or months immerged in the studied medium. Compared to 
grab sampling, advantages of passive sampling are mainly related to in-situ 
preconcentration, lower limit of detection, lower transport costs and storage, higher 
stability of sampled compounds and determination of time weighted concentration. 
However, there remain some gaps in the battery of available passive sampling 
devices, for very hydrophilic and/or ionisable substances, for some priority 
substances with biota standards (e.g. PFOS), for substances with extremely low EQS 
water values (e.g. dichlorvos, dicofol and heptachlor). And these would need to be 
addressed before they could be implemented in the context of Water Framework 
Directive (WFD) and routine monitoring. 
 
 
After a short presentation of advantages and drawbacks of various tools for organic 
contaminants in the context of WFD, we will focus our talk on an emerging tool 
(passive rod sampler) which has been recently introduced. The development of this 
new tool especially design to cover a wider range of hydrophobicity has been a 
challenging task in order to reduce the constraints for the utilization of passive 
samplers and enlarge their applicability range. This sampler will be used as a case 
study during the talk in order to have a more explicit viewpoint of the pros and the 
cons related to such tool.  
A second original tool, DGT for glyphosate, will be also described with the same 
approach.  
 
The presentation will be concluded by a list of tasks needed before the 
implementation of such new tools in environmental monitoring programs. 
 

 
Keywords: passive sampling, rod sampler, legislation 
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It is obvious that analytical chemistry has a decisive role in both aspects, qualitative 
as well as quantitative. For both it is important to have thorough knowledge of quality 
related issues, from technical as well as from management point of view, also when 
working at research level. 
 
Technical aspects include actual work in an analytical laboratory, such as sample 
preparation and measurement, but they also embrace sampling as well as data 
treatment and often also interpretation of analytical results. When measuring in an 
analytical laboratory, analytical chemist is facing questions concerning limit of 
detection, measurement uncertainty, linearity of calibration curve, recovery and 
several others. For different measurements, different characteristics of an analytical 
procedure and properties of analytical results are important and ones they are solved 
by analytical chemists, a question arises on how to communicate this to a legislator 
and also to citizens. 
 
This presentation will give an overview on aspects of analytical chemistry which 
are/can be important for legislative purposes. The overview will be illustrated by 
examples from environmental area. Specific aspects eg sampling, measurement 
uncertainty, accreditation/certification, will later on be explained in more detail in other 
lectures of this session. 

 
Keywords: Quality of analytical results, legislation, sampling, measurement uncertainty, 
accreditation, standardization, interpretation of analytical results, communication, legislation 
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Through survey results and personal communication with Fire and Scene Investigators it has 
been reported that non-standard and various adsorbent methods are being used for the 
recovery of Ignitable Liquid Residues (ILRs) from solid surfaces in a fire scene. Their 
application is a useful alternative to ‘digging up’ of surfaces, which isn’t always possible.  An 
adsorbent can be left on a suspected area of ILR and then easily recovered for later laboratory 
analysis. The current adsorbents reported (flour, sanitary products, cat litter and garden lime) 
have had little research carried out on their ability to aid in the later identification of ILRs. This 
research provides an additional novel adsorbent which has been compared to those currently 
described using a standard method and utilising Extracted Ion Gas Chromatography-Mass 
Spectrometry-Auto Thermal Desorption. The method requires the presence and detection of 
target molecules in different distillates for a positive identification of the ignitable liquid. A 50:50, 
petrol/diesel mix was used to cover a range of distillates and both are commonly used to 
accelerate fire spread. Results have found that none of the presently used adsorbents were 
able to give a positive identification. However, the novel adsorbent from this research did result 
in a positive identification of petrol and diesel. Further blind trials and a test burn also resulted 
in all the ILRs being identified and currently the novel adsorbent is under a patent application 
as a universal adsorbent for recovery of a wide range of ILRs from a fire scene.   
 
 
Keywords: Adsorbents, Fire Debris Analysis, GC-MS-ATD 
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Simple does not mean easy – a new generation of materials for solid-phase extraction 
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The development of modern analytical methods, based on physico-chemical phenomena 
and processes running in the environment and living organisms, has led to reduction of 
detection level and increase of measurement precision. The scope of the applicability of 
various analytical techniques is not only related to the characteristics and type of analytes but 
also connected with increase of the selectivity and reproducibility of the isolation and 
enrichment of analyte in the complex matrices (sample preparation). According to the 
literature just sample preparation is the most important stage in qualitative and quantitative 
assays. The contribution of this part in the comprehensive determination of analytes consume  
ca. 60 - 65% of the whole time necessary to perform the analysis. 

Sample preparation methods, these based on surface phenomena (eg. 
adsorption/desorption, ion exchange or/and extraction) are the dominant group of techniques 
used in routine trace analysis. This is due to by the possibility of directly coupling of them 
with other physico-chemical separation methods, e.g. gas chromatography (GC), high 
performance liquid chromatography (HPLC/UHPLC) and electromigration techniques (CEC, 
ITP, CZE). Consequently, the high reproducible data, good measuring precision at relatively 
low unit cost of analysis have been obtained. An important factor is the simplicity of used 
techniques, not only from the operating process (equipment handling) or methodological 
(analytical procedures), but also compatibility. A technique that meets aforementioned 
requirements is, without any doubt, an extraction liquid – solid, known as solid phase 
extraction (SPE). This technique, was established more than 40 years ego and very offen is  
applied in various versions (the classic in small columns, disks, tips or fiber to the solid phase 
microextraction) in laboratory practice.  

The evolution is connected with introduction of a new packings and another exploitation 
materials (silica sorbents, polymer, fibers, nanotubes, nanoparticles, chips, ect.) successfully 
used in SPE form and miniaturized variant like SPME and/or chip technology. The molecular 
imprinted material (MIP) appears to be of particular interest comprising a ferromagnetic 
centers or monoliths with various functional groups including nanoparticles or graphene 
structure. Generaly, a new generation materials named “dedicated” or “targed” materials 
(supramolecular chemistry) will be presented during this lecture. These issues, together with 
physicochemical characterization and molecular modeling, give the possibility to consider 
mechanisms for interpretation of processes going on at the cellular level (metabolomics, 
proteomics). 
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A new passive sampler device was developed for the determination of labile copper 
concentrations in natural waters. The Diffusive Milli-Gel (DMG) was composed of 
spherical polyacrylamide gel beads in which a cation exchange resin (Chelex 100) was 
incorporated. The manufacturing technique used a millifluic procedure which allowed 
precise control of the size and the geometry of DMG beads of around 1 millimeter 
diameter. The DMG passive sampler was combined to bioassays with Ceriodaphnia 
dubia to evaluate the bioavailability of copper in nine water samples with different 
dissolved organic carbon (DOC), hardness, and alkalinity. The copper concentrations 
determined by the DMG and the toxicity response were most strongly influenced by 
DOC. A strong linear correlation between DOC and the 50% immobilisation 
concentration (EC50) for the water flea was observed (r2 = 0.981). Water hardness and 
alkalinity did not significantly influence the data obtained. The results indicated that the 
DMG is useful for predicting the influence of DOC on the bioavailability and toxicity of 
copper in natural waters. DMG passive sampler opens a lot of perspectives and 
opportunities in environmental monitoring as an in situ technique for dynamic trace 
metal speciation. 
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Water, ethanol and carbon dioxide at elevated temperature and pressure are 
considered as “green and clean” solvents used in extraction and chromatography 
processes. In our research, we have developed sample preparation and 
chromatography methods based on the use of these solvents as extractant/mobile 
phase [1-3]. In particular, extraction kinetics for lipids and phenolic compounds have 
been studied and described by mathematical models [3-5]. In this lecture, a 
background about the fundamentals of pressurized hot water, ethanol and carbon 
dioxide, and mixtures of these, will be presented, and results from our latest research 
in sample preparation and analysis of complex samples will be given. Especially, 
applications in the area of polyphenols in food/forest/agricultural industry byproducts 
and fat-soluble compounds in plants and microalgae will be considered. Finally, some 
aspects on what makes a method or solvent “green” will be discussed [6-7]. 
References: 
1. V. Abrahamsson, et al., J. Chromatogr. A., 2012, 1250, 63-68. 
2. M. Plaza, et al.,, J. Agric. Food Chem, 2013, 61, 5500-5510. 
3. J. Liu, et al., Anal. Bioanal. Chem. (ABC), 2014, 406, 441-445. 
4. E. V. Petersson, et al., Anal. Chim Acta, 2010, 663, 27-32. 
5. V. Abrahamsson, et al., Anal. Chim. Acta, 2015, 853, 320-327. 
6. C. Turner, J. Pure Appl. Chem., 2013, 85, 2217-2229. 
7. A. Ekman, et al., J. Cleaner Prod., 2013, 57, 46-58. 
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Since the late 70s, new approaches have been proposed to replace conventional gas 
chromatographs by silicon based micro fabricated separation systems. Performances, in 
terms of separation speed and efficiency are expected to be improved with miniaturization 
owing to the reduction of diffusion distances and better thermal management while a 
miniaturized micro gas chromatograph would enable on site cycled and real time analysis for 
various applications requiring continuous monitoring. One of the main challenges consists in 
the reproducible and collective fabrication of the micro columns to be inserted in the 
miniaturized system.  
In this communication, two types of columns preparation will be presented in order to answer 
this issue in the frame of separation of highly volatile hydrocarbons.  
The first one is based on the rerouting of the sputtering technique to coat columns with a film 
of silica; 
The second one involves the direct synthesis of a silica monolith, either in a column or a 
channel on a chip, by a sol-gel process derived from classical procedure used for their 
preparation for liquid chromatography applications. For both approaches, it must be pointed 
out that the columns must be compatible with the range of usual operating conditions in gas 
chromatography (flow-rate and pressure of the carrier gas) for their easy implementation in 
classical systems or miniaturized systems. 
The parameters involved in the two approaches will be presented and the performances of 
columns will be commented from the points of view of separation capabilities, fabrication, 
ease of use and repeatability. 
The separation performances of the micro columns prepared according to the two 
approaches will be exemplified by very fast separations of light alkanes (C1 – C10). 
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A "peas in brine" test material was developed and produced for the European Union 
Reference Laboratory for Heavy Metals in Feed and Food (EURL-HM) for the IMEP-
118 Proficiency Testing (PT) exercise. The test material was fortified with additional 
arsenic (As), cadmium (Cd), lead (Pb) and tin (Sn) to levels similar as set in EC 
1881/2006 regulation for contaminants in foodstuffs with the purpose to simulate a real 
product in a damaged can.  The reference values for total Cd, Pb and Sn were 
determined in the test material using individually developed isotope dilution inductively 
coupled plasma mass spectrometry (ID-ICP-MS) methods. This work is focused on 
problems caused by the Sn chemistry in the material production and stability, 
measurements and sample preparation and how the related problems were overcome. 
Sn solutions have a tendency to form semi-colloidal suspensions which can render 
part of the Sn inaccessible to analysis, affecting the accuracy and uncertainty of 
measurements. The accuracy of the developed ID-ICP-MS method for Sn was 
additionally confirmed by the analysis of ERM®-BC084a Tomato Paste certified 
reference material which has similar Sn content and matrix composition to the 
developed PT material. The standard uncertainties associated to the assigned 
reference values were calculated according to ISO/IEC Guide 98:2008 (GUM).The 
performance of the developed ID-ICP-MS method for Sn is shown in comparison to 
the variety of methods used by other IMEP-118 PT exercise participants and expert 
laboratories along with the analysis of Sn PT exercise results.  

 
Keywords: Mass Spectroscopy, Sample Preparation, Metrology and Reference Material 
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When a new GM event is authorised in the European Union as a food/feed product, 
the GMO testing laboratories must be enabled to perform reliable quantification of that 
event.  
European GMO laboratories apply real-time PCR quantification methods (qPCR) 
validated by the European Reference Laboratory for GM food and feed (EU-RL 
GMFF). The correct use of GMO certified reference materials (CRMs) plays a crucial 
role in the analytical approach (for accreditation to ISO/IEC 17025). The analytical 
challenge includes proper calibration, method validation, trueness (bias) control and 
quality control. During calibration the qPCR signal (Cq - quantification cycles) is linked 
to the GM concentration. A thorough quality control using a CRM allows to detect 
inhibition in the PCR reaction, assures that the proper measurement was performed 
and reliable results are obtained on routine samples. 
IRMM develops and provides GMO CRMs which allow the laboratories to work in 
agreement with the low level presence legislation (EC) 619/2011 and the food/feed 
labelling legislation (EC) 1829/2003. This presentation gives an overview about 
IRMM's GMO CRMs produced according to ISO Guide 34 and their contribution to 
accurate, comparable and fit for decision making results. 

 
Keywords: GMO, certified reference materials, quantification, labelling, food/feed, qPCR 
 

 

O095

139 sur 745



 
 

REFERENCE METHODS FOR TOTAL HAEMOGLOBIN BY ISOTOPE DILUTION 
INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY TO ASSESS 

METROLOGICAL TRACEABILITY IN CLINICAL BIOCHEMISTRY 
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Metalloproteins or metal-bound proteins, which represent around 30% of the whole 

proteome, are involved in a wide range of important biological processes. They are also 

found in the center of severe diseases and therefore used as biomarkers in medical 

diagnosis. For example, total Haemoglobin (Hb), an iron-metalloprotein, is considered the 

most important marker for anaemia treatment. Metrological traceability in clinical 

biochemistry is nowadays demanded to improve the reliability and comparability of the 

results obtained in routine laboratories (Directive 98/79/EC in vitro diagnosis medical 

devices).  

This work presents the development of reference measurement procedures for the 

determination of total Hb in blood based on isotope dilution inductively coupled plasma 

mass spectrometry (ID-ICPMS). Off-line and on-line strategies for the quantification of Hb 

are compared. Method validation is conducted by the analysis of the CRM JCCRM 912-

1, certified on total Hb.  

A complete characterization and assessment of the purity of the Hb standard is carried 

out by the analysis of its iron, water and protein content. This standard is used for the on-

line strategies based on the coupling of anion exchange chromatography to ICPMS. The 

detection is driven by measuring the iron contained in the haeme-group of the protein, 

using a sector field ICPMS at medium resolution. Species-specific vs. species-unspecific 

ID strategies are compared in terms of accuracy and precision.  

The research leading to these results has been partially funded by the EMRP Joint 

Research Project “Metrology for metalloproteins”. The EMRP is jointly funded by the 

EMRP participating countries within EURAMET and the European Union. 
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Titanium dioxide nanoparticles (NP-TiO2) are one of the most widely manufactured 
nanoparticles. They are used in a large range of applications including in supply as 
food additive. However, their safety is more and more controversial as the assimilation 
mechanisms of these nanoparticles in the body are little known. 
This study presents the development of a strategy for the quantification of titanium 
from polydisperse NP-TiO2 in dry calf liver, which was chosen as biological laboratory 
testing material. Because of the absence of certified reference biological material 
containing NP-TiO2, samples were prepared mixing calf liver with different NP-TiO2 
additions. 
The challenge was to obtain a complete mineralization of the solid material (biological 
tissue and NP-TiO2) and to ensure the accuracy of the determined titanium 
concentration. Mineralization was performed with different mixtures containing 
concentrated nitric acid (HNO3) in the presence or not, depending on the case, of 
other acid or oxidant. 
Atomic mass spectrometry associated with light-scattering technique was used to 
control the physical state (dissolved and particle forms) of titanium and reliably 
estimate the total titanium concentration in calf liver. Total titanium concentration 
analyses were performed in helium collision/reaction cell mode, monitoring the 
isotopes 46Ti and 49Ti, and using external calibration with internal standard addition in 
order to obtain an accurate quantification and remove isobaric interferences. 
The limit of detection and quantification were 0.7 and 2.3 µg(Ti) g-1(tissue) 
respectively. The mean analytical recovery over the whole procedure was (103  6)% 
in a range of concentrations from LOD to 200 µg(Ti) g-1(tissue). 

 
Keywords: Titanium dioxide nanoparticles, biological tissue, sample preparation, recovery 
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Microspheres and nanospheres due to their unique properties, are attractive for different 
analytical applications, however, the most popular seems to be optical, especially fluorimetric 
analysis [1-3]. Many proposed optrodes take advantage of highly selective ionophores 
originally developed for ion-selective electrodes offering a high sensitivity, however, within 
relatively narrow (3 to 4 orders of magnitude) concentration range.  
We have explored the effect of accumulation of ions in the outer layer of the optical 
nanosensors to maximize the response range. Accumulation of ions at the probe-sample 
interface can be achieved due to extremely slow transport of analyte in the 
micro/nanospheres or due to interactions, e.g. electrostatic, with the surface of the sphere.  
In the case of polyacrylate microspheres the slower diffusion through this phase results in 
spontaneous accumulation of analyte ions in the outer layer. This process is as shown on the 
example of zinc ions sensors – leading to fluorimetric sensors of linear dependence of 
emission intensity on logarithm of analyte concentration covering range from 0.1 to 10-7 M. 
On the other hand, the surface of nanospheres prepared from model alternating polymers or 
block polymers contains carboxyl groups, which effectively interact with analyte cations 
hindering their transport into the nanospheres bulk. As shown on the example of potassium 
fluorimetric sensors – prepared from poly(maleic anhydride-alt-1-octadecene) this effect is 
leading to fast and sensitive dependence of emission over 6 orders of magnitude range of 
analyte concentration change.   
 
 
1. M. J. Ruedas-Rama, J. D. Walters, A. Ortea, E. A.H. Hall Anal. Chim. Acta 751 (2012) 1– 
23.  
2. E. Woźnica K. Maksymiuk, A. Michalska Anal. Chem. 86 (2014) 411.   
3. A. Kisiel, K. Kłucińska, Z. Głębicka, M. Gniadek, K. Maksymiuk, A. Michalska Analyst 139 
(2014) 2515 - 2524 
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Colloidal semiconductor nanocrystals, or quantum dots (QDs), have been extensively 

studied in recent years because of their unique and superior optical and chemical 

properties, which make their application, in different fields, particularly attractive. 

In this work, surface modification of aqueous soluble CdTe quantum dots was 

investigated in order to adjust their solubility as to enable usage as fluorescent probes 

in organic medium. The modification of the QDs occurred upon binding primary amines 

with carbon chain lengths varying between C6 and C18, which allowed obtaining QDs 

with assorted solubility. The binding of the amine to the carboxylic group of 

mercaptopropionic acid (MPA), used as a passivating agent of the CdTe QDs, was 

carried out in the presence of 1-ethyl-3- (3- dimethylaminopropyl) carbodiimide (EDC) 

and N-hydroxysuccinimide (NHS) that acted as promoters of the amide bond. 

The developed QDs were tested in the determination of atenolol, a cardio-selective β-

blocker, in pharmaceutical formulations. Atenolol was able to interact with the modified 

QDs causing a decrease on their fluorescence intensity. This decrease was 

proportional to the logarithm of the inverse of the atenolol concentration, allowing 

obtaining a linear response for concentrations ranging between 0.1 and 6 mM. 

 
Keywords: CdTe quantum dots, surface modification, atenolol, non-aqueous medium 
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The present report unveils the current opportunities and prospects to apply new 
sustainable cellulose-based materials prepared by dissolution−regeneration of 
cellulose using some hydrophilic imidazolium ionic liquids (IL) in chemical analysis, 
especially in optical sensing technologies. Owing to biocompatibility, good 
physicomechanical properties, and optical transparency, such cellulose materials in a 
form of films serve as attractive solid support matrices for immobilization of different 
analytical reagents − recognizing elements of colorimetric, spectrophotometric, and 
fluorescent chemical sensors and biosensors. Recently, cellulose films modified with 
reagents have been mainly used as sensing materials for the determination of some 
heavy and transition metal ions. This report mostly summarizes the experience of our 
research team with the features of preparation of IL-reconstituted cellulose films with 
noncovalently immobilized reagents and their application in organic chemical analysis. 
These reagents are plant peroxidases (horseradish, soybean, and peanut), 
heme-containing proteins (e.g. hemoglobin) and their mimetics, and fluorophores, i.e. 
pyronin B and complexes of Eu(III) with dipicolinic acid and tetracycline. The results of 
studying performance and optical properties of the prepared cellulose films, as well as 
their surface structure, are discussed. Particular attention has been paid to the 
dependence of the physicomechanical, optical, and catalytic properties of the 
obtained cellulose films on nature of the used IL and its anti-solvent. The examples of 
application of the developed cellulose films for sorption of natural and synthetic dyes 
and determination of catecholamines and natural antimalarial endoperoxides are 
demonstrated. The work was supported by the Russian Foundation for Basic 
Research (grant no. 15-03-05064-a). 

 
Keywords: cellulose films, hydrophilic ionic liquids, immobilized plant peroxidases, optical 
sensing technologies 
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In the attempt to improve chromatographic performance in gas chromatography, the 
normal approach of a chromatographer would be to increase column length, and 
decrease column diameter which should lead to a reduced theoretical plate height, 
and consequently a larger number of theoretical plates. 
We suggest here the vacuum outlet technique as a completely different approach which 
may appear counterintuitive on first sight: the use of a relatively short (length 5-10 m) 
wide bore column (ID 0.32-0.53 mm) [1]. In this technique, proposed as early as 2000, 
the use of a flow restriction connected to a short, large diameter column in combination 
with GC/MS detection leads to a situation where the vacuum practically extends 
throughout the entire column. This situation gives rise to highly increased diffusion 
coefficients of the analytes, and thus to an improved mass transfer. As a consequence, 
theoretical plate height is reduced while at the same time separation is much faster than 
under normal GC/MS conditions. Surprisingly, this win-win-situation has hardly been 
used in practice, although the advantage in separation time is also accompanied by an 
increase in sensitivity due to the narrower peaks obtained in vacuum-outlet GC/MS.  
In this work, we report an in-depth investigation of the vacuum outlet technique as to 
its merits relative to normal condition GC/MS. While the technique has reportedly 
been used for semi-volatile and less volatile analytes with success [3], so far no 
reports have been published on the use of this technique for a set of volatile analytes. 
We have investigated vacuum-outlet GC/MS particularly for this group of analytes, 
and are able to demonstrate that the common assumption that vacuum outlet GC/MS 
only performs well with capillary columns with a stationary phase film thickness below 
1.5 µm is not generally true. From these findings, we are able to derive a more 
generalized expression for the applicability of the vacuum outlet technique. 

 
Keywords: Vacuum outlet, fast GC, volatile organic compounds, GC/MS, chromatographic 
theory 
 
Acknowledgements: Financial support of this work by the Austrian Research Promotion 
Agency (FFG) under Grant No. 835790 (SiLithium) is gratefully acknowledged. 
 
References: 
1. J. de Zeeuw, J. Peene, H.-G. Janssen, X. Lou, J. High Resol. Chromatogr., 23 (2000) 677-680. 
2. M. van Deursen, H. G. Janssen, J. Beens, P. Lipman, R. Reinierkens, G. Rutten, C. Cramers, J. Microcol. 

Sep., 12 (2000) 613‐622. 
3. K. Ravindra, A.C. Dirtu, A. Covaci, Trends Anal. Chem. 27 (2008) 291-303. 

O101

145 sur 745



 
 
DEVELOPMENT OF ON-LINE INSTRUMENTS FOR MONITORING OF METHANE 

AND NMTHC AT PPB AND PPM LEVELS WITHOUT MATRIX EFFECTS 

 
Louis Vivola1, Michel Robert1, Franck Amiet 1 and Damien Bazin1 
 
1 Chromatotec, Saint Antoine, France 

 
Monitoring of methane and Non-Methane Total Hydrocarbons (NMTHC) is an 
important tool for process monitoring. In the microelectronics industry, the silicon 
substrates (wafers) are stored in containers, named FOUP (Front Opening Unified 
Pod) made in polymers (PC, PEEK, COP, PEI). Such materials are able to adsorb the 
Volatile Molecular Contaminants (VMC) and subsequently outgas these ones in 
presence of wafers, leading then to defective wafers. Depending on the process, the 
composition of the gas in the FOUP can be very different. The amount of VMC can 
vary from ppb to tens of ppm while the matrix gas can be air, N2 or Argon. Most of the 
instruments which measure NMTHC are very sensitive to the matrix composition. 
Therefore, there is a need for an instrument which can measure methane and 
NMTHC without matrix effects. Ideally, the cycle time of the instrument should be less 
than 3 minutes and sensitive at ppb level. For this study, a Gas Chromatograph (GC) 
with two analytical columns and a Flame Ionization Detector (FID) is used to achieve 
the absolute separation of methane, NMTHC and matrix gases. The low detection 
limit, linearity and stability of the system are evaluated from ppb to ppm using different 
types of VOC and matrix gases. The results show that the special configuration of the 
analytical system allows the complete separation of the matrix gases from methane 
and NMTHC. Therefore the instrument does not need specific calibrations for different 
matrix. The instrument is very linear and sensitive from low ppb up to 20 ppm with the 
same amplification.  

 
Keywords: Gas Chromatography, Non-Methane Total Hydrocarbons, Volatile Organic 
Compounds, On-line Monitoring 
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Volatile fraction in plants generally consists of a mixture of compounds that can be 
sampled, in a different way depending of their ability to evaporate either 
spontaneously or when suitable sampling conditions are applied. Having in mind 
advantages and limitations of available extraction techniques, in this work, the volatile 
fractions of infusions (aerial parts of Hungarian thyme - Thymus pannonicus All., 
Lamiaceae), were analyzed by static headspace extraction coupled with GC-FID and 
GC-MS. The identification of compounds was based on comparison of their Kovats 
retention indices (KI), their retention times and also mass spectra with those available 
in databases. Relative percentages of compounds were calculated from the FID area 
percent data.  
The ability to determine the amount of a substance in a liquid (or solid) sample by 
analyzing the headspace vapor above it, in a closed vessel, derives from the 
relationships between the instrument response factor, the total pressure in the vial, the 
vapor pressure of the pure analyte and the activity coefficient. One driver behind 
solvent choices is therefore, to increase the activity coefficient. For liquid samples, 
“salting out” is a common technique for increasing the activity coefficient of an analyte 
and therefore sensitivity and instrument response. In this work, we additionally tried to 
improve recoveries of volatile compounds and sensitivity by applying ionic liquids as 
new solvents that raise the activity coefficient of analytes versus interfering 
components toward evaporation. In that sense, commercially available and newly 
synthesized compounds will be tested. 
 
Keywords: Volatile organic compounds, GC-FID, GC-MS, Hungarian thyme 
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Analytical samples are exposed to a risk of contamination, decomposition, and lost 
during transport and storage from the collection site to the laboratory. It results in a 
real need to develop portable devices to realize on-site analysis. Significant efforts 
have been achieved to design, and develop miniaturized instrumentation. Among 
these techniques, gas chromatography may be freely quoted. In fact, miniaturized gas 
chromatographs can be helpful in several fields as petrochemistry or environmental 
monitoring. Because of their very small size, weight and resource requirements, micro 
gas analyzer devices can intended for on-site analysis. Currently, MEMS (Micro 
Electro Mechanical Systems) technology conception by etching silicon channels is a 
known fact. However, stationary phases coating on silicon surface remains a 
challenge. 
In this context and within the MIGAS (Micro Integrated Gas Analyzer System) project, 
the SMS Laboratory is involved in detector and micro columns development and 
functionalization. First, coating methods, as static and sol-gel coating, have been 
transposed to the miniaturization using several polymers and film thickness. The 
stationary phase polarity allows to target several compound families. MEMS columns 
were tested in order to analyze volatile organic compounds like benzene, toluene, 
ethylbenzene, xylene and exhibited a good efficiency. Finally, these columns were 
placed in portable micro systems to analyze on-time pollutant on public places 
providing a better understanding and a better monitoring of indoor pollution. 
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Aptamers - synthetic oligonucleotides also known as “artificial antibodies” - offer great 
potential for the design of biosensors with high selectivity for a given target. 
Electrochemistry allows a fast, onsite and sensitive detection of low concentrations of 
redox active targets present in real matrices such as milk. A joint action of aptamers 
and electrochemistry results in so-called electrochemical aptasensing devices able to 
sense target molecules with high selectivity and sensitivity. 
 
An overview on different electrode surface pretreatment strategies is given next to 
some strategies to immobilize aptamers on transducers surface, especially focusing 
on the use of gelatin as a protective matrix for aptamers. Selecting an appropriate 
host matrix for aptamers is one of the main challenges for the immobilization of 
aptamers in order to improve the analytical characteristics of the aptasensors. 
Additionally, several detection strategies are described. 
 
All strategies will be illustrated by using examples, i.e. the aptasensing of cocaine, 
allergens, antibiotics, etc 
 

 
 
Keywords: biosensor, electrochemistry, aptamers 
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The water quality assessment is an intensive field of research supported by a 
legislative framework more and more stringent. This context leads notably the 
wastewater treatment plants (WWTP) to improve their remediation performances. 
The main objective of these bioprocesses is to eliminate the biodegradable organic 
fraction issued from domestic wastes. Until now, the routine monitoring of these 
bioprocesses is performed with classical physicochemical sensors, such as pH, 
dissolved oxygen or redox probes. Nevertheless, these sensors will not quantify the 
biodegradable organic matter i.e. the WWTP target.  
To improve the efficiency of the remediation assessment methods, new solutions must 
be found. Among them, we have chosen to develop a alternative assessment method 
enabling to remove some main drawbacks of the reference method (ISO 
5815-2:2003): i: assessment method requiring a duration of 5 days; ii: use of 
environmental inoculums without referenced origin or statement on their diversity, 
potentially responsible for 20% of internal variability; iii: toxicity not accounted by the 
referenced method leading to potential underestimation risks of the organic load. 
Therefore, we developed a bacterial biosensor allowing to measure, in situ, the 
biodegradable organic matter in only 3 hours. The strategy is based on the 
measurement of the activity produced by a set of 15 axenic bacterial strains. From the 
biological data, an analysis computed by a neural network approach is done and 
enables to assess the biodegradable fraction remaining in water samples. Monitoring 
these bacterial responses along these wastewater bioremediation should allow 
increased monitoring of WWTP performances.  
 

 
Keywords: BOD5, multivariate approach, bacterial biosensor, neural network. 
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Mitochondria are the ATP factory organelles in aerobic cells. They are also 
involved in many other metabolic cellular pathways, including fatty acid 
transformation, calcium storage, ROS production... Genetic and functional 
dysfunctions of mitochondria lead to severe diseases, among which 
myopathies, neurodegenerative pathologies, cancers…[1] In addition, it was 
demonstrated that mitochondria display heterogenic metabolic activities within 
a tissue, and even within a cell. In this respect, metabolic analyses at the 
single mitochondrion level present great interest for the deciphering of physio-
pathological mechanisms.  
 
In this work, two complementary analytical approaches have been coupled to 
monitor mitochondrial activities: electro-analysis to detect extra-mitochondrial 
metabolites (O2 consumption, H2O2 release)[2]  and fluorescence microscopy to 
follow up intra-mitochondrial metabolites (NADH, membrane potential).[3]  
Individual mitochondria (yeast origin) are deposited and studied within 
microsystems based on hydrophilic PDMS and silica microwell arrays 
integrating platinum ring nanoelectrodes (200 nm). By use of respiratory 
effectors, the metabolic state of each mitochondrion is modulated in situ and 
detected by fluorescence. Simultaneously, nanoelectrodes within microwells 
allow measuring local variations of O2 or H2O2 in the mitochondrial 
environment. Both informations are coupled so as to reveal individual 
dynamics of complex metabolic responses.  
 
References:  
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[2] Angewandte Chemie, 2014, 126, 6773; Electrochim. Acta, 2014, 126, 171 
[3] Anal. Chem. 2013, 85, 5146; Anal. Bioanal. Chem. 2014, 406, 931 

 
Keywords: Fluorescence microscopy, Electrochemistry, PDMS, microwell array 
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Mid-infrared (MIR) tunable quantum cascade lasers (tQCLs) have been combined with 
thin-film diamond strip waveguides (DSWGs) for advanced chem/bio sensing systems. 
In particular, attenuated total reflection (ATR) waveguides are commonly used as MIR 
transducers for probing liquid phase samples taking advantage of the evanescent field 
generated via internal total reflection for absorption-based sensing applications. 
DSWGs were fabricated via chemical vapour deposition (CVD), and inductively cou-
pled plasma (ICP) etching. A thin film of diamond was grown on top of a Si3N4 layer, 
and a SiO2 cladding deposited onto a Si wafer substrate [1]. The waveguides were 
characterized revealing excellent IR transmission properties. The experimental set-up 
comprises a tQCL as MIR light source, coupling mirrors and lenses to focus the laser 
radiation into the DSWG, and a mercury-cadmium-telluride (MCT) detector at the distal 
end of the waveguide.  
 
The exquisite material properties of diamond enable applications in harsh environ-
ments (e.g., for chemical sensing), and the intrinsic biocompatibility opens a wide 
range of potential applications in the biomedical domain. Exemplarily, thin film diamond 
strip waveguides have demonstrated their suitability for the detection of organic con-
stituents dissolved in water and D2O [1]. Current studies focus on the application of 
DSWGs for the analysis of secondary structures of proteins via analysis of the amide 
I band (1600-1700 cm-1).  
 
[1] X. Wang, M. Karlsson, P. Forsberg, M. Sieger, F. Nikolajeff, L. Österlund, B. Mizaikoff, Anal. 
Chem.  86 (2014) 8136-8141. 

 
Keywords: mid-infrared spectroscopy, diamond, waveguides, quantum cascade laser, organic 
constituent analysis, protein analysis. 
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3 Department of Environmental Engineering, Chiang Mai University, Chiang Mai, 50200, Thailand 

 
An advanced gas chromatography high resolution mass spectrometry method was 
developed for the quantification of 16 polycyclic aromatic hydrocarbons (PAHs) and 12 
oxygenated derivatives on atmospheric particulate matter with an aerodynamic 
diameter less than 10 µm (PM10). The magnetic sector mass spectrometer was run in 
multiple ion detection mode (MID) using a mass resolution above 10 000 (10% valley 
definition). This allows for a selective accurate mass detection of the characteristic ions 
of the target analytes. Pressurized liquid extraction (PLE) using dichloromethane was 
evaluated at different extraction temperatures and excellent recoveries were obtained 
for the PAHs (87% - 98%) and oxy-PAHs (74% - 110%), when the optimum extraction 
temperature of 150°C was applied. The method was validated by analyzing a standard 
reference material (urban dust). The developed method was finally used to determine 
PAHs and oxy-PAHs concentration levels from particulate matter samples collected in 
Chiang Mai in Northern Thailand. This is the first time that oxy-PAHs concentration 
levels in Thailand are reported. The median of the sum of the PAHs concentrations 
(3.4 ng/m³) and oxy-PAHs concentrations (1.1 ng/m³) shows clearly the importance of 
the group of the oxy-PAHs as PM10 constituents. High molecular weight PAHs 
contributed the most to the ∑PAHs. Benzo[ghi]perylene was responsible for 30 to 44% 
of the ∑PAHs. The highest contribution to ∑oxy-PAHs came from 1,8-napthalic 
anhydride (26-78%), followed by anthracene-9,10-dione (4-27%) and 
7H-benzo[de]anthracene-7-one (6-26%). Indications of the degradation of PAHs 
and/or formation of oxy-PAHs were found. 

 
Keywords: PAHs, oxy-PAHs, PM10, HRMS, Chiang Mai, Thailand  
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HIGH RESOLUTION MASS SPECTROMETRY STUDY OF A COMPLEX 
ENVIRONMENTAL AEROSOL BY ELECTROSPRAY IONIZATION AND LASER 

DESORPTION IONIZATION: THE CIGARETTE SMOKE 

 
Vincent Carré1, Sébastien Schramm1,2, Adama Kamissoko1 and Frédéric Aubriet1 
 
1 LCP – A2MC, Université de Lorraine, Metz, France 
2 Current adress : CEA Bruyères-le-châtel, Arpajon, France 

 
The investigation of the chemical composition of cigarette smoke aerosol is significant 
because it gives insights on one important complex indoor environmental mixture. To 
address a full chemical characterization of such complex mixture, a non-targeted 
approach has to be considered. This strategy involves high performance analytical 
techniques. In this context, the mainstream cigarette smoke has been analyzed by 
ESI with ultra-high resolution mass spectrometry in positive ion detection mode 
(FTICRMS). Almost 1300 chemical compositions of nitrogen-containing species are 
successfully determined through the accurate mass measurement and the high 
sensitivity of the detection. The most abundant class of compounds corresponds to 
CxHyN2. The 3–D Van Krevelen diagram, which represents the data, reveals a 
distribution in terms of unsaturation and alkylation degrees for N2 compounds, which 
is similar to other nitrogen and oxygen-nitrogen compounds. This detailed 
composition of cigarette smoke provides a typical fingerprint of the result of biomass 
pyrolysis and combustion with additional components relative to tobacco-specific 
compounds. We also examined the contribution of the laser desorption ionization 
technique coupled to the high resolution mass spectrometry for the cigarette smoke 
analysis. While a part of the observed chemical composition is similar to the ESI 
results, LDI achieves a broader range of polyaromatic compounds and ensures the 
detection of additional classes of compounds: pure hydrocarbon and 
oxygen-containing species. It is clear that the combination of high resolution mass 
spectrometry with both ESI and LDI increases significantly the coverage of the “whole 
composition” of one of the more important indoor environment contaminant. 
 

 
Keywords: cigarette smoke, FTICRMS, ESI, LDI 
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WORLDWIDE INTEGRATED ASSESSMENT OF NEONICOTINOIDS: LINKING 
ENVIRONMENTAL ANALYTICAL CHEMISTRY AND ECOTOXICOLOGY 
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7 Centre for the Study of the Sciences and the Humanities, University of Bergen, Bergen, 5020 Norway 

 
Losses (up to averages of 42%) of honey bee colonies occur in countries where 
agriculture is intensive. There is no longer any doubt that neonicotinoids which 
represent one third of the global insecticide market, contribute to bee disorders for both 
honey bees and wild bees such as bumblebees (DOI: 10.1016/j.cosust.2013.05.007, 
DOI: 10.1126/science.1259159, DOI: 10.1126/science.1255957). Bee disorders are 
accompanied by a general collapse of entomofauna. A Worldwide Integrated 
Assessment of the Impact of Systemic Pesticides on Biodiversity and Ecosystems was 
carried out to explore the role of neonicotinoids (Special Issue, 
http://link.springer.com/journal/11356/22/1/page/1). 
Recent development of analytical techniques allowed a sensitive description of 
environmental matrices by means of: mono-residue approaches (including or not some 
metabolites), multi-residue approaches within the neonicotinoid family (half a dozen of 
substances), and larger multi-residue approaches for screening pesticides. Matrices of 
interest were mainly soil, plants (including pollen and nectar), air and water. Measured 
environmental concentrations then allowed determination of exposures for numerous 
non-target taxonomic groups. Linked to toxicological data, particularly those obtained 
from chronic exposure, we found that neonicotinoids largely threaten biodiversity. The 
largest impacts were found on invertebrates (terrestrial and aquatic) but also on 
vertebrates such as fishes and birds, to a lesser extent. 
Some uses of three neonicotinoids have been restricted (Italy: 2009, Europe 2013), 
but because they also threaten agricultural productivity through impacts on ecosystem 
functioning and services, our conclusions support further restrictions of their 
prophylactic uses in favor of integrated pest managements (IPM) practices or  organic 
farming, which minimize pesticide use. 

 
Keywords: Neonicotinoids, analytics, exposures, impacts, bees, invertebrates, biodiversity. 
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Real-time analysis of drugs and solvents in hospital waste water using  
Membrane Inlet Mass Spectrometry 

 
Essyllt LOUARN1, Julien LEPROVOST2, Michel HENINGER 1,2 , Joel LEMAIRE1 and Hélène 
MESTDAGH1 
 
1 Laboratory of Physical Chemistry, UMR CNRS 8000, Paris Sud University, Orsay, F-91405, France 

2 AlyXan, Juvisy-sur-Orge, France 
 
Clean water supply is a growing concern in our society. Wastewater from urban, 
industrial or agricultural activity is the most common source of pollution today. 
Hospitals are also a major source of water pollution that is generated by the 
consumption of drugs and the use of organic solvents on a daily basis. Some of 
these compounds, non-degraded or metabolized, are very difficult to destroy in the 
sewage treatment plant and therefore can be found in the rivers. So wastewater has 
to be analyzed to identify the pollutants. The analysis is generally performed by gas 
chromatography which results in relatively low detection limits and drug identification. 
However, these methods require field sampling, complicated treatments and long 
analysis time. 
A Membrane Inlet Mass Spectrometer, based on a compact FT-ICR/MS, for real-time 
and in-situ analysis was developed in our laboratory. The membrane inlet is used as 
a barrier between the water and the MS vacuum. It allows continuous measurement 
of traces in the space of one minute with the advantage of enriching the permeate. 
Since the upstream gas is mainly composed of water vapour, Chemical Ionization 
and in particular Proton Transfer Reaction (PTR-MS) is suitable for the ionization of 
the compounds. Controlled conditions enable direct MH+ detection, identification and 
direct quantification.  
Different polymers have been tested: silicone and PVA. Low enrichment is observed 
for polar compounds (5-10 for methanol and ethanol, 20 for phenol), whereas non-
polar aromatics have very high enrichments (>1000) using silicone membrane. The 
membrane's thickness is also an important parameter for enrichment and response 
time. Several configurations have been tested and will be presented. 
 
Keywords: mass spectrometry, real-time and in-situ analysis, water analysis, MIMS, 
environmental analysis, PTRMS 
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DETERMINATION OF SHORT-CHAINED ETHOXYLATES IN RIVER WATER BY 
LIQUID CHROMATOGRAPHY–MULTISTAGE MASS SPECTROMETRY  
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Alcohol ethoxylates (AEs) are a significant component of the non-ionic surfactant (NS) 
flux discharged into surface water. Due to the polydispersity of the majority of NS, they 
are easily recognizable by their ‘fingerprints’, i.e. a series of mass peaks which differ 
by m/z = 44, namely the m/z of a single oxyethylene subunit. Dodecanol ethoxylates 
(C12Ex) represent AEs from both renewable and petrochemical sources. Therefore, 
C12Ex are suitable fingerprints of NS in the aquatic environment. The aim of this work 
was to develop an LC-MS/MS method suitable for the monitoring of AEs in river water.  
 River water samples taken from the River Warta in Poznan (Poland) were 
extracted with ethyl acetate, evaporated, reconstituted in the mobile phase and 
processed by the LC–multistage MS procedure (LC-MS/MS) using optimum multiple 
reaction monitoring (MRM). The method of multiple standard additions was used for 
the evaluation of each AE fingerprint concentration. The concentration of C12Ex 
having 2–9 oxyethylene subunits was determined. Standards for higher C12Ex are not 
yet available. The developed method offers an LOD of between 1 and 9 ng L-1, and is 
suitable for the monitoring of NS fingerprints in river water. 
 The range of C12E2–9 concentrations determined in the River Warta varied within 
two orders of magnitude in all cases. The lowest determined concentration was 17±1 
ng L-1, while the highest was 2.6±0.14 μg L-1. The total concentration of 
C12E2–C12E9 homologues varied between 1.4 and 11.2 μg L-1. 
 

 
Keywords: LC-MS/MS, nonionic surfactant fingerprints, oxyethylene (2–9)dodecyl ethers, 
river water 
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Polyphenols are widespread constituents of several foods matrices, including fruits, 
juices and beverages such as coffee and wine. They are partially responsible for the 
overall organoleptic properties of plant foods. Despite their wide distribution, the 
health effects of dietary polyphenols have come to the attention of nutritionists 
particularly in recent years. This interest was driven by epidemiologic data as well as 
in vitro and in vivo studies, suggesting the polyphenols preventive effects in cancer 
and cardiovascular diseases. The selection of the proper analytical strategy for 
phenolics isolation from food matrices depends on the purpose of the study as well as 
the nature of the sample and the target analyte. 
The objective of this study was to evaluate the performance of an innovative and 
promising analytical strategy based on solid phase microextraction technique, micro 
SPE (μ-SPE), combined with ultrahigh performance liquid chromatography 
(μ-SPE/UHPLC-PDA) for quantification of different polyphenols from juices and teas. 
Several parameters influencing the extraction efficiency were tested, namely the 
nature of sorbent, conditioning and activation, loading and elution conditions and 
solvents. The polyphenols separation was carried out using an Acquity C18 with a 
bridged ethylsiloxane-silica hybrid – BEH capillary column. The performance of the 
analytical approach was assessed in terms of selectivity, specificity, limits of detection 
(LOD) and quantification (LOQ), linear dynamic range (LDR), accuracy, precision and 
matrix effect. The results obtained are very interesting and the newly proposed 
strategy, μ-SPE/UHPLC-PDA, gives good analytical performance with highest 
recovery values (> 96%) and good precision (% RSD < 7%). 

 
Keywords: Polyphenols, Food, µ-SPE, UHPLC-PDA  
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FOOD SAFETY AND CONSUMER PROTECTION 
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Food allergy has become one of the major health concerns nowadays. So far, there is 
no effective treatment for food allergens suffers and the only way to manage the 
health hazards resulting from allergens is to avoid the specific allergen containing 
food. Milk and peanuts are two of the most common sources of food allergies. 
Although there are available several analytical methods for the determination of the 
main allergens of these two food components, there is still an urgent need to develop 
alternative methods able to perform rapid determinations with high sensitivity and 
selectivity with low-cost instrumentation and adaptable to miniaturization, ideal to 
perform decentralized and routine analysis.  

Within this context, different strategies implying the design and preparation of 
electrochemical magnetoimmunosensors for the sensitive, selective and rapid 
biosensing of the main allergens associated with milk and peanuts will be summarized 
and discussed in this presentation. In particular, novel magnetoimmunosensing 
platforms developed for the determination of -lactoglobulin, -lactalbumin, Ara h 1 
and Ara h 2, will be presented. The developed methodologies, based on the 
appropriate use and coupling of a pair of selective antibodies, carboxylic acid modified 
magnetic beads and disposable screen-printed electrodes, allow the determination of 
the endogenous content of the target analytes in complex samples (milks, food 
extracts and saliva). All the implemented scaffolds, which compared advantageously 
with other commonly used methodologies, can be considered truthful and promising 
analytical screening tools in the development of user-friendly devices for on-site 
determination of the target allergens in relevant samples. 
 

 
Keywords: electrochemical platforms, allergens, milk, peanuts 
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The diet is the major route of human exposure to a wide range of contaminants including 

environmental micropollutants, plant treatments or veterinary substances. To ensure 

consumer safety, detection and quantification techniques have to be set up for toxic 

contaminants in food, in particular in meat and other animal-derived food. At present, the 

methods used are generally complicated to set up and costly due to the high level of 

performance required and their use is inconceivable for frequent and large-scale controls. 

In order to address this issue, the present paper introduces an alternative approach based 

on targeted quantification of livestock's exposure markers to pollutants. Among the 

compounds assumed as potential markers, the volatile organic compounds (VOCs) are 

particularly promising. The analysis of these volatile markers could enable to reveal 

systematically suspect samples on market and to guide further analyses to confirm and 

possibly explain the contamination. 

Based on animal tests involving laying hens contaminated or not by different 

contaminants (organic and inorganic environmental micropollutants, pesticides, 

mycotoxins and veterinary substances) through their feed, the present study 

demonstrates the relevance of determining volatile organic compounds by Solid Phase 

Micro Extraction-Gas Chromatography Mass Spectrometry in order to reveal animal 

exposure to several classes of micropollutants.  

 

This study was supported by the French National Research Agency, project SOMEAT, 
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meat.fr 

O116

160 sur 745

http://www.so-meat.fr/
http://www.so-meat.fr/


 
 

DIRECT DETECTION OF SILVER NANOPARTICLES IN FOOD SAMPLES BY 
MEANS OF SOLID SAMPLING HIGH-RESOLUTION CONTINUUM SOURCE 

ATOMIC ABSORPTION SPECTROMETRY 

 
Kerstin Leopold1 and Nadine Feichtmeier1 
 
1 Institute for Analytical and Bioanalytical Chemistry, University of Ulm, Ulm, 89077, Germany 

 
Within the last decade the application of nanomaterials in industry and technology has 
increased rapidly. Especially silver nanoparticles (AgNPs) were used in a variety of 
consumer products, like fabrics, health care products or household appliance. Their 
application in food industry, e.g. for food packaging, is also rising steadily due to the 
unique antimicrobial property of nanosilver. Regarding the potential risk of particle 
migration and the related risk of human exposure, the use of AgNPs in conjunction 
with food has caused sever concerns. This resulted in a recent regulation voted by the 
European Union (1169/2011) mandating the identification of nanosized food 
ingredients. Therefore, robust and reliable analytical techniques for screening AgNPs 
in biological and other samples are required.  
In this study, a fast and simple approach for direct detection of silver nanoparticles in 
food samples was developed by the application of high-resolution continuum source 
atomic absorption spectrometry. For this purpose, an optimized graphite furnace 
program and a novel evaluation strategy of the obtained absorbance signals were 
used in order to distinguish AgNPs from ionic silver. The general applicability of the 
approach was shown for several food samples that were either spiked with AgNPs or 
exposed to AgNPs. The method requires no time-consuming sample pretreatment 
steps, no extraction or matrix digestion and gives reproducible and reliable qualitative 
information on the presence of AgNPs in biological samples. 

 
Keywords: direct detection of silver nanoparticles, solid sampling, food samples, 
high-resolution continuum source atomic absorption spectrometry 
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Polyacrylamide is extensively used in the petroleum industry to improve oil recovery 
by increasing the viscosity of water injected in oil reservoirs. Knowledge of the 
distribution of molar mass (DMM) of the polymer is important in order to control the 
efficiency of the process and for water treatment after back production. The 
phenomenon of mechanical degradation of high molar mass polymers during 
Size-Exclusion Chromatography (SEC) analysis is well known but remains unresolved. 
Various modifications of the chromatographic system have been carried out to 
eliminate shearing due to the apparatus, and these lead us to consider 
chromatography columns as a major point of degradation. Furthermore, deformation 
(coil-stretch transition for example) can occur simultaneously with degradation and 
can thus change the order of elution of polymer, with long chains exiting at high elution 
volume. A new method has been developed, with MultiAngle Light Scattering (MALS) 
coupled to Differential Refractive Index (DRI) detection to verify the true DMM of the 
sample and the absolute molar mass at each time step. This method allows the 
characterization of polyacrylamide with molar mass above 107 g/mol and allows DMM 
distribution quantification. 

 
Keywords: Size-Exclusion Chromatography, polyacrylamide, MALS, degradation 
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Polar-embedded phases have become increasingly popular in reversed-phase liquid 

chromatography (RP-LC) analysis. These phases are primarily hydrophobic but have 

hydrophilic polar groups incorporated in the ligand structure. Various chromatographic 

selectivities can be obtained as a result of the differing base silica, the type of polar 

embedded group (i.e. amide, urea, carbamate, ether or sulphonamide moieties) and 

the length and type of the alkyl group of the ligand. Compared to the commonly used 

octadecyl stationary phases,  polar-embedded phases provide several advantages 

such as excellent peak shapes for basic compounds[1], good compatibility with highly 

aqueous mobile phases[2], and very often, different selectivities[3]  . 

This work describes a new polar-embedded stationary phase that contains an amide 

embedded group coupled with a tricyclic aromatic moiety. Spherical silica particles 

(porous and core-shell) were functionalized through a multi-step synthesis strategy 

under microwave irradiations[4]. A full characterization was achieved by granulometric 

and microscopic measurements, elemental analysis, infra-red spectroscopy and 29Si, 
13C and 1H NMR. The chromatographic studies of these new stationary phases 

encompassed the evaluation of their hydrophobic selectivity and steric selectivity 

including linearity and planarity selectivity towards polycyclic aromatic hydrocarbons 

isomers (PAHs). These results suggested that the new stationary phases exhibited a 

higher retention for PAHs than for alkylbenzenes, independently from the nature of the 

silica (porous or core-shell).Our stationary phases showed also an enhanced 

capability to differentiate aromatic planarity to aromatic tridimensional structures that 

could be attributed to the embedding of a polar group on the aromatic stationary 

phase. 

[1] J. Layne J. Chromatogr. A, 957 (2002) 149-164 
[2] X. Liu, A. V. Bordunov, C. A. Pohl J. Chromatogr. A, 1119 (2006) 128–134 
[3] J. O’Gara, B. Alden, T. Walter, J. Petersen, C. Niederländer, U. Neue Anal. Chem., 
67 (1995) 3809-3813 
[4] M. Mignot, A. Tchapla, O. Mercier, N. Couvrat, S. Tisse, P. Cardinael, V. 
Peulon‑Agasse, Chromatographia 77 (2014) 1577–1588 
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Why do we need monolithic capillary columns for LC, GC and CZE/CEC ?   
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Monolithic columns have been introduced in the area of separation science in the early 70s, and 
during the late 80s they became popular in liquid chromatography as an alternative to packed 
columns. The first obvious advantages were related to the high permeability and to the apparent 
simplicity of column preparation. After numerous researches performed in order to control the 
size of the through channels and the mesoporous structure of the network, various organic and 
inorganic materials have been designed as monolithic columns. 
During the last ten years, our research group developed the synthesis process of some organic 
monoliths and was mainly involved in inorganic monolithic columns design into 75µm i.d. 
capillary based on titania, zirconia and more specifically silica. These materials have different 
surface properties which can be native (M-OH) or result from surface modifications 
(hydrophobic, hydrophilic, cation or anion exchanger or aptamer). Furthermore, multimodal 
columns prepared by photografting of different moieties all along the column have been recently 
introduced in order to perform preconcentration/purification and separation into a single column 
without any loss of sample. 
In nanoLC, capillary monolithic columns were useful to reduce the amount of waste as well as 
the radioactive exposure for separations of nuclear samples. Long columns with high 
permeability were used to dramatically increase the efficiency of the liquid chromatographic 
system (up to 300 000 plates for a 1.5 m column), more specifically for applications where the 
amount of sample is very low and one-shot analysis can only be performed. 
Before CZE separation in an open tubular capillary, preconcentration of Ochratoxin A was 
performed on a 1cm long monolith plug located at the entrance of the capillary column which 
was used as a highly specific preconcentrator after grafting it with aptamers.  
In GC, monolithic capillary columns were introduced as an alternative tool to porous layer open 
tubular columns leading to very high speed separation without any loss of material which could 
enter the GCMS detector.   
This presentation will be concluded by several recommendations for an appropriate use of 
monolithic capillary columns, by their current limitations and by a list of perspectives in this 
research area. 
 
.   
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The control of water resources is a major challenge worldwide, because of the toxicity, 

bioaccumulation and low maximum admissible concentrations of metallic ions. For their 
quantification, the fluorescence is a sensitive and selective method challenging other 
analytical techniques. Implemented in a microfluidic device, fluorescence detection allows the 
development of an inexpensive and real-time monitoring method.  

To design the fluorescent sensor for lead and cesium, the specific recognition moiety is 
based on Calixarene derivatives for its versatile complexing functions, its variable size of the 
cavity and its rigidity. Covalently linked, the fluorescent moiety enables the quantification of 
traces under a photoinduced process caused by the complexation of the metal ion. For 
mercury detection in water, the synthesis and the photophysical properties of a chelator 
containing a thiophosphane group substituted with a polyoxoethylene group allows its 
solubility in an organo-aqueous solvent. The commercial Rhod-5N molecule was also 
successfully used to detect traces of cadmium salts in a microfluidic device. 

The “PDMS over glass” device includes a Y-shape channel, a passive chaotic mixer - for 
achieving mixing in a short time - and a detection performed by using an excitation through 
optical fibers connected to an appropriate LED and the light collection by another optical fiber 
linked to a photomultiplier tube and connected to signal processing. One main advantage of 
the microfluidics for chemical analysis is the low consumption of reactants. Integrated 
electronic board, driven by Labview code, offers a better portability of the setup and the 
possibility to realize online effluent analysis. 
 

 
Keywords: fluorescent sensor, microdevice , PDMS, field setup, environment  
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The development of micro analytical systems is of major interest for trace contaminant 
analysis, particularly for water emerging contaminants such as pharmaceutical 
residues (diclofenac for example)1. As a lab-on-chip integrates all steps of an analysis 
procedure in a single device, analysis can be performed in an automated format with 
reduced time and cost. In this context, we propose new analytical microfluidic devices 
based on fluoropolymer materials such as Dyneon THV for trace quantitation in 
complex matrices, using a single channel configuration. Our strategy consists of the 
immobilization of selective and original ligands (aptamers) in a well-defined and 
micrometric zone inside the microchannel for the target extraction and 
pre-concentration. This integrated pretreatment step will be followed inside the 
microdevice by electrokinetic separation and on-line detection. 
To this end, we developed an original two-step strategy combining the use of scanning 
electrochemical microscopy (SECM) and molecular chemistry, via a “click” reaction 
(copper(I)-catalyzed azide alkyne cycloaddition) to functionalize Dyneon THV 
microchannel. The first step consisted of the local reduction of the Dyneon using the 
SECM tip to activate the surface by the creation of a carbonized zone2 and notably the 
formation of surface alkyne functions. This was followed by direct click reaction with 
azide-tagged ligand for its immobilization. The dimensions of the zone may be 
controlled by substrate-tip distance, tip speed, and tip size. The proof of concept was 
demonstrated by stable functionalization of the microchannel with a fluorescent dye 
and also with a fluorescent aptamer with high affinity for diclofenac3. 

 
Keywords: local surface carbonization, scanning electrochemical microscopy, click reaction, 
analytical microchips, aptamer immobilization 
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Glycosylation is a very common and complex type of post-translational modification. 
Many enzymes are involved in the glycosylation process and there are a number of 
factors that can affect the degree of glycosylation. Several disease related changes to 
the glycosylation of proteins have been shown and this has resulted in a large interest 
concerning the use of glycans or glycan patterns as biomarkers.  
We have previously presented the use of a microfluidic compact disc in combination 
with MALDI-MS for the characterization of the N-linked glycan pattern of therapeutic 
antibodies. This methodology has now been adapted to the selective capture of 
specific proteins from serum samples and the subsequent enzymatic release and 
sample preparation of the glycans for MALDI-MS analysis. The microfluidic discs have 
54 parallel structures and the entire sample preparation procedure, from affinity 
capture of the protein to crystals that can be analyzed in the MS instrument, can be 
automatically performed in less than 4 hours on the disc.  
The initial target proteins have been some of the acute phase proteins, such as 
transferrin and haptoglobin, where the glycosylation pattern has been shown to 
change as a result of disease. The method has been tested using Alzheimer`s 
disease, chronic alcohol abuse, and control serum samples.    
(max. 250 words) 
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Phosphorus (P) is an important nutrient to monitor in natural waters as it is a growth 

limiting nutrient. When levels of phosphorus are elevated, excessive growth of algae 

occurs. This can lead to hypoxic or anoxic waters, potential release of harmful toxins 

and it impacts negatively on the ecosystem. Phosphorus measurement in water 

involves the collection of grab samples, transport and storage of samples, and analysis 

using expensive analytical instrumentation. This is costly, time and labour intensive 

and is carried out infrequently as a result. 

In this work, P is measured as soluble reactive phosphate (SRP), to give an indication 

of P levels in fresh water. A device for in situ analysis of SRP was fabricated. This 

device consists of a centrifugal microfluidic lab-on-a-disc platform, with a housing unit. 

The disc operates by mixing the sample with ascorbic acid method reagents using 

centrifugal force. The coloured product is presented to an optical detection system 

consisting of a laser and photodiode. The limit of detection has been optimised by 

modification of the optical path length.  

The housing unit is a 3D printed portable box with a built in motor for disc rotation. This 

box also houses the optical detection system which consists of a laser and photodiode. 

The box facilitates the alignment of the detection system with the optical pathway of 

the disc for absorbance measurements in an environment free from ambient light. This 

device allows for rapid analysis times, compactness, ease of use, low cost analyses 

and low reagent consumption.  
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Nanoobjects are the main tools in nanoanalytics – “a part of analytical chemistry 
developing the principles and methods of application the nanotechnologies, and 
special properties of nanosized objects in the chemical analysis”. Nanoobjects can be 
subdivided into two groups: solid and liquid ones. The solid 0D-3D nanoobjects are 
characterized by quantum-sized, surface and shape effects with highly enhanced 
analytical characteristics based on unique spectroscopic, electrochemical, sorption or 
magnetic properties. They are ambitiously used in chemical analysis during last 15 
years.  Liquid nanoobjects can exist only in liquid medium and contrary to solid ones 
are equilibrium and thermodynamically stable systems. Their characteristic features 
that are valuable for analysis based on local microenvironment effect, 
compartmentalizing and distance effects that enhance the complexes formation and 
stability, decrease hydration of reactants, change the chemical reaction pathway and 
rate, increase electron and energy transfer due to solubilization and inclusion effects 
and change dynamically the sorbent surface properties. They are used in all kinds of 
chemical analysis (in determination, preconcentration, separation, sampling, etc) 
during 30 years. Some detailed information concerning the thermodynamic, chemical, 
physical and analytical differences and characteristics of these two kinds of 
nanoobjects will be examined as well as state of the art in the application of solid and 
liquid nanoobjects in chemical analysis will be presented. The cases when both kinds 
of nanoobjects are applied simultaneously will be considered, too. A comparison of 
metrological characteristics of analytical methods based on these two kinds of 
nanoobjects will be considered too. 

 
Keywords: Nanoanalytics, nanoobjects, application in analysis 
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Copper-chitosan (Cu-CS) nanoantimicrobials are a novel class of bioactive agents, 
providing enhanced and synergistic efficiency in the prevention of biocontamination in 
several application fields, from food packaging to containment of nosocomial 
infections1. Designing bioactive materials, with controlled metal ion release, exerting 
significant bioactivity and low cytotoxicity, is an important challenge for scientists. Here 
we propose a one-pot synthesis of Cu-CS nanocomposites, combining the 
antimicrobial properties of Cu1 with those of CS, a natural polymer widely exploited for 
its biodegradability and nontoxicity2. Femtosecond laser pulses were here exploited to 
disrupt a Cu solid target immersed into aqueous acidic solutions containing different 
CS concentrations3. Dispersed Cu-CS colloids were obtained by tuning both Cu/CS 
molar ratios and laser working conditions. Cu-CS colloids were characterized by UV-
Vis and Fourier Transform Infra-Red (FT-IR) spectra, to study copper complexation 
with the organic matrix. X-ray Photoelectron Spectroscopy (XPS) allowed to assess 
copper surface chemical speciation, by curve-fitting of both photoelectron (Cu2p3/2) 
and Auger (Cu L3M45M45) spectra. Transmission Electron Microscopy (TEM) was used 
to morphologically characterize the novel nanocomposites. Spectroscopy and 
morphology analyses allowed to optimize the synthesis parameters and monodisperse 
Cu nanophases with an average diameter of 73 ± 11 nm could be obtained using a 
relatively moderate CS concentration. The effectiveness of the proposed 
nanocomposites as antimicrobial agents was investigated in bioactivity experiments 
performed on target microorganisms, and bioactivity data were cross-checked with 
Atomic Absorption Spectroscopy investigations of the Cu(II) ionic release. Moreover, 
the same nanomaterial was preliminarily tested as green catalyst in carbonylation 
syntheses. 

 
References: (1) Sportelli, M. C. et al., Novel Antimicrobial Agents and Strategies; Phoenix, D. 

A., Harris, F., Dennison, S. R., Eds.; Wiley-VCH Verlag GmbH, 2014; pp 181–218. (2) 
Kong, M. et al., J. International Journal of Food Microbiology 2010, 144 (1), 51–63. (3) 
Ancona, A. et al., Materials Letters 2014, 136 (12), 397–400. 
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Commercial products containing nanomaterials are already a part of our everyday life 
and numerous new nanoproducts are currently under study. At the same time, 
nanometrology, science of the measurement at nano-scale, is still in its early stages. 
But, all actors concerned by nanotechnologies claim that the development of a 
metrology specifically dedicated to nanomaterials would have a determining catalytic 
effect on the growth of this field. However, the scope of the work is huge because 
metrologists must propose new reference materials and standardized measuring 
methods and establish traceability routes for each quantity. For instance, measuring 
the nanoparticle size with an appropriate accuracy remains a real challenge. The 
measuring process can be defined in four key steps: (i) sampling, (ii) 
calibration/instrument qualification, (iii) data acquisition and (iv) data processing. Each 
step has to be carefully carried out. The second one allows the measurement 
traceability to be ensured and associated uncertainties to be estimated. The 
traceability, i.e., the link between the measurements and SI (Système International) 
units makes it possible to make the measuring data comparable among various 
laboratories or various techniques. 
Moreover, no single technique can be considered to be ideal to accurately measure 
the nanoparticle size. For example, the measurement performed with an Atomic Force 
Microscopy (AFM) is affected by a large error in the XY plane due to tip/nanoparticle 
interactions whereas Scanning Electron Microscopy (SEM) gives no metrological 
dimensional information along Z axis. Consequently we propose a hybrid metrology 
combining these both techniques to measure nano-objects in 3D. 
 
 
(max. 250 words) 
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PRODUCTS 
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Many products of common use benefit of nanotechnologies. Cosmetic, sunscreen, 
pharmaceuticals, powdered food are only few examples of end products containing 
nano-sized particles (NPs), generally added to improve the product quality.  
To evaluate correctly benefits versus risks of engineered nanomaterials, it would be 
necessary to well characterize the NPs as manufactured, as delivered for use in 
products, as present in the product matrix, as used in toxicity testing, and as present 
in biological fluids and tissues, this because, the physicochemical parameters might 
change in various environments. 
On analytical point of view the identification, quantification and characterization of 
NPs in food matrices and in cosmetic or personal care products pose significant 
challenges, because NPs are usually present at low concentration levels and the 
matrices in which they are dispersed, are complexes and often incompatible with 
analytical instruments that would be required for their detection and characterization. 
This presentation recalls some analytical techniques suitable for the detection, 
characterization and quantification of NPs in food and cosmetics products, and 
reports their recent application in characterizing specific metal and metal-oxide NPs in 
these two important industrial and market sectors. 
 
 
Keywords: Nanoparticles, food products, cosmetic and personal care products, Silver, SiO2, 
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The Analytical Nanoscience and Nanotechnology (AN&N) is well–known for the use of 
NPs as tools or objects in analytical processes. However, a third facet of AN&N has 
been recently defined [1] by prof. Miguel Valcárcel, in which nanotools are used for the 
analyses of other nano-objects. In this context, the fabrication of different NPs with 
specific features has been developed for analytical applications.  
 
Derivatization of nanomaterials is a promising route for the realization of low-cost, 
large-area, chemical sensitive platforms with specific analytical responses to a 
specific target. Simultaneously fulfilling the goals of high efficiency for such analytical 
tools, the combination of both extraction and sensing platforms remains a challenge, 
which may be addressed, as we demonstrate here the usefulness of both processes 
independently.    
 
In this communication we would like to show different ways of using nanotools in an 
analytical process, being the extraction procedure- Nanocellulose as excellent 
sorbent material- and the detection process –fluorescent Carbon Dot sensing 
platforms- applied for the determination of AgNPs and AuNPs.  

 
Keywords: Analytical Nanoscience and Nanotechnology, Carbon Dots, fluorescent sensor, 
Nanocellulose 
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Wine expresses its beauty by sending a sensory message to the taster through 
molecules coming from grapes, yeast metabolism or oak wood. Among the compounds 
released during barrel ageing, lyoniresinol has been recently reported as a relevant 
contributor to wine bitterness. As this lignan contains three stereogenic carbons, this 
work aimed at investigating the influence of stereochemistry on wine taste by 
combining analytical and sensorial techniques. First, an oak wood extract was 
screened by LC-HRMS to target isomers separable in a symmetric environment and a 
disatereoisomer called epi-lyoniresinol was isolated for the first time. Then, an original 
racemic resolution based on natural xylose-derivatives was carried out to obtain 
lyoniresinol enantiomers. Chiroptical spectroscopic measurements associated with 
theoretical calculations allowed the unambiguous determination of their absolute 
configuration. The taste properties of all these stereoisomers revealed that only one 
lyoniresinol enantiomer is strongly bitter whereas the other one is tasteless and the 
diastereoisomer is slightly sweet. The presence of these three compounds was 
established in an oaked Bordeaux wine by chiral and non-chiral chromatography, 
suggesting the significant influence of stereochemistry on wine taste. 

 
Keywords: Chiral LC-HRMS, vibrational circular dichroism, oak wood, bitterness 
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The feasibility of exploiting Raman scattering to analyze wines has been investigated 
using several wavelengths of the incoming laser radiation in the near-UV (325 nm), 
visible (405, 532 nm) and near infrared (785, 1064 nm). To help in the interpretation of 
the Raman spectra, the absorption properties in the UV–visible range of several wine 
samples as well as their laser induced fluorescence have also been investigated. 
Thanks to the strong intensity enhancement of the Raman scattered light due to 
electronic resonance with 325 nm laser excitation1, hydroxycinnamic acids may be 
detected and analyzed selectively. Fructose and glucose may also be easily detected 
below ca. 1000 cm-1. The laser induced fluorescence of red wines is very strong for 
excitation wavelengths in the visible range so that normal Raman scattering cannot be 
observed. However, the Surface Enhanced Raman Scattering (SERS) of 
anthocyanins in red wines may be strongly enhanced with 532 nm excitation due to 
the electronic resonance of the molecules and the Plasmon resonance of the SERS 
substrate.. 
 
1 C. Martin, J.-L. Bruneel, F. Guyon, B. Médina, M. Jourdes, P.-L. Teissedre and F. 

Guillaume, Food Chem., 2015, 181, 235–240. 
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Instability in red wine leads to flocculation and finally to the appearance of a 
precipitate or deposit. In previous studies, it has been suggested that the interaction of 
proteins with tannins leads to precipitate formation in red wine. However, no 
conclusive evidence has been found until now. To resolve this question, quantitative 
estimation of precipitates formed in Merlot and Cabernet Sauvignon wine from 
Bordeaux region for the years 2012 and 2013 was performed by Nuclear Magnetic 
Resonance (NMR) spectroscopy. Genuine precipitates were obtained by placing wine 
at -4°C or 4°C for 2-6 days and monitored by periodic sampling during a one-year 
period. The study revealed that the amount of precipitate obtained is dependent on 
vintage, temperature and grape variety. Non-invasive identification of the main 
families of components present in the genuine precipitate powder was accomplished 
with 13C solid-state NMR and 1D and 2D solution NMR of partly water re-solubilized 
precipitates. Solid-state 13C NMR spectra at t = 1 month of the ageing process were 
dominated by potassium bi-tartrate that disappeared from spectra with further ageing 
(t > 3 months). Further analyses for longer ageing times show that other major 
components identified include polyphenols, polysaccharides, organic acids and free 
amino acids. No evidence was found for the presence of proteins. The influence of 
main compounds found in precipitates will be discussed in relation with wine stability. 
The potential for solid-state 13C NMR to become a robust method for analyzing 
semi-quantitatively genuine precipitates from natural products will be also presented. 
 
*Correspondance to : e.dufourc@cbmn.u-bordeaux.fr 
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Fine wines are prestigious and consequently, worldwide expensive business. 
Therefore, it is not surprising the appearance of an emerging market of fakes, mostly 
originating from Asian countries, which represents a huge yearly loss of income for 
wineries. Obviously, many safeguards have been established against trademark 
infringement but they generally require time-consuming chemical analysis of the wine 
and irremediably degrade the value of the bottle. Thus, the current study aims at 
developing a new and unambiguous diagnosis tool in the fight against wine 
counterfeiting by the multifactorial trace analysis of the packaging (glass, paper, ink 
and capsule) with no or very limited degradation that would not alter the value of the 
bottle. For that purpose, non-invasive technology based on femtosecond laser ablation 
coupled with inductively coupled plasma mass spectrometry (fs-LA-ICP-MS) has been 
employed for the analysis of trace elements and isotopes in the different components 
of the packaging. About 75 isotopes were simultaneously monitored. Moreover, 
regarding to instrumentation engineering a new ablation cell adjustable to different 
bottle shapes has been successfully developed. This is an open ablation cell directly 
placed onto the bottle surface allowing the minimization of the dead volume and 
increasing flexibility in sample size. The developed instrumentation and method was 
applied to the analysis of French and counterfeited bottles pointing out clear 
differences between them in terms of trace elements and isotopic composition. This 
study demonstrates that this minimally invasive approach (micron scale) is a tool of 
choice for unambiguous discrimination of counterfeited bottles.  
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Various nitrogen compounds such as monomethylamine (MMA), 

monoethylamine (MEIA) and ammonium (NH4+) have been found in waters from the oil 
industry due to the use of amines, which act as H2S and CO2 scavengers. Because of 
their toxic effects to living beings and process monitoring, these compounds need to be 
determined. 

Although ion chromatography (IC) is a useful technique for the determination of 
NH4+ and amines in waters, their direct determination in saline waters, especially 
connate waters from pre-salt petroleum fields, which contain NaCl concentrations up 
to 25% m/v, is still a challenge. In the few works found for the determination of amines 
in waters from the oil industry by IC, peaks with poor resolution were obtained due to 
matrix effect, and no quantification was reported.  

A conventional method used for the separation of NH4+ from matrix interferences 
is the steam distillation. Then, in the present work, the steam distillation was 
evaluated to determine MMA, MEIA and NH4+ in water samples from the oil industry 
containing NaCl concentrations up to 18% m/v. A 23 full factorial design was 
developed: distillation time (2 or 4 min), NaOH concentration (1 or 10 mol L-1), and 
analyte mass (10 or 50 µg). A synthetic saline solution was used. The experimental 
data were statistically processed. The Pareto chart indicated that the NH4+ mass was 
the most important variable, while it was the distillation time was the most significant 
variable for MMA and MEIA. A recovery range of 100-107% (n=3) was obtained for all 
analytes. 
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Most of coastal countries are affected by harmful algal blooms, which are caused by 
high proliferation of microalgae. Some of these microalgae species produce toxins, 
which, when accumulated by bivalves, may lead to illness in human consumers 
Routine monitoring of marine toxins in bivalves is necessary due to the 
unpredictability of the occurrence of blooms and consequently on shellfish poisoning 
Paralytic shellfish toxins (PST) are of particular concern due to the life-threatening 
neurological symptoms they can cause in humans. Reference methods for PSTs 
detection include mouse bioassay, which is unethical, and High Performance Liquid 
Chromatography with Fluorimetric Detection, which is highly sensitive but requires 
skilled personnel and expensive apparatus. Chemical sensors represent an attractive 
alternative as a screening and alarm tool for the PST detection due to their stability, 
durability and low cost.  
The present work deals with the development of potentiometric chemical sensors with 
sensitivity to PSTs and their application in multisensor system for PST detection in 
bivalve extracts. A series of miniaturized sensors with solid inner contact and 
plasticized polyvinylchloride membranes containing ionophores capable of 
complexing guanidinium cations such as aza- and diaza-crown ethers, calix[4] and 
calix[6]arenes were prepared. Sensitivity, selectivity and detection limit of the sensors 
were determined. Sensors displayed responses of 32-42 and 45-60 mv/pX to two 
common PSTs, decarbamoyl saxitoxin and saxitoxin, respectively, and high selectivity 
in the presence of inorganic cations. Detection limit was about 0.2 µmol/L, which 
allows detection of PSTs at the concentration levels corresponding to the legal limit. 
 

 
Keywords: chemical sensors, potentiometry, paralytic shellfish toxins, electronic tongue 
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Pollution of freshwater areas may arise from various industrial and urban sources 
such as wastewater treatment plant (WWTP) effluent discharges. This may result in 
elevated concentrations of contaminants in water column and sediment, with a 
consequent risk for the aquatic ecosystem. Nowadays, the Water Framework 
Directive (WFD) provides regulatory arguments in favor of using biota for assessing 
contamination trends in water bodies, particularly for hydrophobic substances. Biota 
are therefore recognized as a pivotal matrix.  
In this context, we are interested in assessing the status of organisms based on the 
identification of low molecular weight metabolites, whose production and levels vary 
with the physiological, development, or pathological state of cells, tissues or whole 
organisms. Metabolomic responses to environmental pollution, mainly related to 
wastewater treatment plant effluents, were investigated in three benthic invertebrates 
(Potamopyrgus antipodarum, Gammarus fossarum, Chironomus riparius). Specimens of 
each sentinel species were caged downstream and upstream from the WWTP effluent 
discharge along a French river. An innovative analytical method has been 
implemented, including a miniaturized “Quick, Easy, Cheap, Effective, Rugged and 
Safe (QuEChERS) extraction followed by nanochromatography (NanoLC) coupled to 
high resolution mass spectrometry (HRMS) analysis. Metabolic profiles, obtained by 
the previous mentioned method, and analyzed by multivariate statistics provided (1) 
valuable information on inter-species response diversity and (2) highlighted several 
exposure biomarkers. This work demonstrates the effectiveness and sensitivity of 
NanoLC-HRMS based environmental metabolomics in ecotoxicological studies and 
provides the first profiling data at individual scale for the selected sentinel species.  

 
Keywords: Metabolomic, naochromatography, high resolution mass spectrometry, benthic 
invertebrates 
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VOLTAMMETRIC BEHAVIOR OF BROMHEXINE IN A CARBON PASTE 
ELECTRODE MODIFIED WITH IONIC LIQUID AND ANALYTICAL DEVELOPMENT 

 
Alejandro Álvarez-Lueje and Francisco Muñoz 
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Sciences, University of Chile, P.O. Box 233, Santiago, Chile. aalvarez@ciq.uchile.cl  

 
Based on the unique electrochemical properties of ionic liquids (IL) as its high ionic 
conductivity, in this work, we prepared and characterized carbon paste electrodes 
(CPE) modified with the IL 1-butyl-3-methylimidazolium hexafluorophosphate 
(CPE-IL). The modified electrodes were used to carry out the study of the 
electrochemical behavior of the mucolytic agent bromhexine and a voltammetric 
procedure for its quantitation. 
The electrochemical response of the CPE-IL was evaluated by cyclic voltammetry 
using the redox mediators ferrocenemethanol and potassium ferrocyanide, finding 
that in relation of bare CPE the presence of IL in the carbon paste enhanced the peak 
current and also the CPE-IL enhanced the active electrode area. Bromhexine shows 
an irreversible anodic response at CPE-IL (41% in IL) in the pH range 2-6.5 and the 
oxidation signal shifting at lowers potentials as the pH increases. The peak current (Ip) 
was more intense than that obtained using bare CPE at all the pH studied. For 
analytical purposes, differential pulse voltammetry technique in Britton-Robinson 
buffer at pH 6 was selected, which exhibited adequate analytical parameters. CV (%) 
of within-day reproducibility and inter-day reproducibilities were lower than 5.7% at 
different concentration levels. The calibration curve method was employed in a 
concentration range of 6.0×10-6 – 3.0×10-5 M, and was described by the expression: Ip 
(μA) = 995943×C (M) – 0.597 (r2 = 0.999). The calculated limit of detection was 
1.9×10-6 M. 

 
Keywords: Bromhexine, carbon paste, ionic liquid, modified electrodes, Voltammetry. 
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INHERENTLY CHIRAL SUPPORTING ELECTROLYTES AND IONIC LIQUIDS 
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5 Dipartimento di Chimica e Tecnologie del Farmaco, Università di Roma La Sapienza, Piazzale Aldo Moro 5,   
Roma, 00185, Italia 
 
 Our group has recently proposed electroactive thiophene-based polyconjugated 
films of unprecedented chirality manifestations and enantiorecognition ability [1-3] 
based on the concept of the whole electroactive backbone coinciding with the 
stereogenic element, consisting in a tailored torsion induced by an atropisomeric 
bi-thiophene scaffold.  
 Now we are applying the same "inherent chirality" approach to the development of 
inherently chiral supporting electrolytes and ionic liquids, hopefully endowed with high 
enantioselectivity, like the formerly developed inherently chiral electrodes. The new 
molecules are based on cations including different atropisomeric bis-benzimidazolium 
or bi-collidinium groups acting as the stereogenic element, responsible for both the 
molecular chirality and the IL properties of the material, modulated by the number, 
position and length of alkyl chain substituents. 

Three examples will be presented and discussed in terms of electrochemistry 
and chirality, namely 1,1'-bis-benzimidazolium salts [4], 2,2'-bis-benzimidazolium salts, 
and 3,3'-bi-collidinium salts. The high torsional angle of 1,1'-bis-benzimidazole and 
3,3' -bi-collidinium salts results in an energy barrier high enough to yield permanently 
stable enantiomers at room temperature. The length and number of allkyl chain 
substituents, as well as the nature of the counteranion, modulate the melting point, a 
determining parameter for use as ionic liquids or supporting electrolytes.  
Preliminary enantiorecognition tests will be presented and discussed. 
 
[1] Angewandte Chemie Int. Ed., 2014, 53, 2623 
[2] Chemistry-A European Journal, 2014, 10, 15261  
[3] Chemical Science, 2015, 6, 1706 
[4] Electrochimica Acta, 2015, in press 
 
Keywords: inherently chiral bis-heteroaromatic scaffolds and alkylated salts, chiral 
supporting electrolytes, chiral ionic liquids, chiral additives 
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Utilization of fast scan differential pulse voltammetry for determination of 
antioxidants. 

 
Dmytro Bavol1,2, Hana Dejmkova1,2, Matteo Scampicchio1, Jiri Zima2, and Jiri Barek2 
 
1 Free University of Bolzano, Piazza Universita 5, 39100 Bolzano, Italy 
2 Charles University in Prague, Faculty of Science, Department of Analytical Chemistry, University  
Research Centre Supramolecular Chemistry, UNESCO Laboratory of Environmental Electrochemistry, 
Albertov 6, CZ-128 43 Prague 2, Czech Republic (bavold@natur.cuni.cz) 

 
This study presents newly developed methods of antioxidants determination 

performed by fast scan differential pulse voltammetry (DPV) in flow injection analysis 
and high performance liquid chromatography systems, using a glassy carbon 
electrode as a working electrode in a wall-jet configuration. The first step, which we 
focused on, was characterization of electrochemical detection by monitoring the basic 
parameters of the detector in dependence on the other parameters of determination 
such as flow rate, scan rate and length of the loop using the well known model redox 
system hydroquinone/quinone. During the development of the methods, conditions for 
determination of antioxidants were optimized, the repeatability and concentration 
dependences of standard substances were measured and determination in the real 
samples was performed. 

The main advantages of the combination of fast scan DPV and flow methods are 
speed of measurement together with high information gain and use of small amount of 
the sample, which still enables the application to the detection of micromolar analytes 
quantities. 

 
Keywords: flow injection analysis, high performance liquid chromatography, differential pulse 
voltammetry, glassy carbon electrode 
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Nitric oxide (NO) is one of the smallest gaseous molecules that have significant 
biological activities especially in the cardiovascular (potent vasodilator) and in central 
nervous system (Parkinson and Alzheimer diseases). It has a very short half-life (<2s) 
in biological medium. It mainly binds to peptides and proteins to form S-Nitrosothiols 
(RSNOs) that are the storage and transport forms of NO. The variation of the 
proportion of different RSNOs could be a diagnostic key. In order to quantify RSNO, it 
should be decomposed into NO that can be detected electrochemically. Indeed, 
RSNOs are sensitive to decomposition by light, heat, and metal ions (especially 
copper). In this study we have analyzed the decomposition of S-nitrosoglutathione 
(GSNO) using Cu+-catalyzed pathway with colorimetric detection (Griess assay) and 
electrochemical detection using ultramicroelectrodes. Our results showed strong 
dependence of the decomposition rate on the presence of reducing agent (GSH itself) 
and the ratios between GSNO, GSH, and CuSO4 concentrations. Capillary 
electrophoresis technique coupled to contactless conductivity detection (CE-C4D) was 
also developed to allow separating different decomposition products and 
contaminants of GSNO and studying the kinetics of its decomposition by light and 
heat. By-products were then identified and CE-MS method was then developed to 
permit the drawing of a general scheme of GSNO decomposition products. 
 

 
Keywords: Nitrosothiols, electrochemical detection, CE-C4D, CE-MS 
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ELECTRODE : CONCEPT AND APPLICATION TO DYNAMIC GLUCOSE SENSING 
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The concept of bipolar electrochemistry (BPE) is known for decades but has recently 
experienced a major renewal of interest in various areas such as materials science or 
analytical chemistry1,2. In this contribution, we report how BPE can be used to 
efficiently break the symmetry of a conducting object immersed into an electrolytic 
solution. The application of a sufficient electric field induces Faradaic reactions that 
occur simultaneously at both ends of the object which behaves as a bipolar electrode. 
Any kind of redox reactions can be promoted across a bipolar electrode, notably gas 
evolution which can drive its mechanical propulsion3. This approach allows designing 
dynamic systems or so-called swimmers that can be remotely controlled by 
electrochemistry. Finally, the use of additional reactants promoting 
electrochemiluminescence reactions in combination with the propulsion mechanism 
will be demonstrated4. These light-emitting swimmers are able to shine light of various 
colors and can also perform simultaneously a specific analytical task such as glucose 
detection5,6. 
1G. Loget, D. Zigah, L. Bouffier, N. Sojic, A. Kuhn, Acc. Chem. Res., 2013, 46, 2513. 
2S. Fosdick, K. Knust, K. Scida, R. Crooks, Angew. Chem. Int. Ed., 2013, 52, 10438. 
3G. Loget, A. Kuhn, Nat. Commun., 2011, 2, 535. 
4M. Sentic, G. Loget, D. Manojlovic, A. Kuhn, N. Sojic, Angew. Chem. Int. Ed., 2012, 

51, 11284. 
5L. Bouffier, D. Zigah, C. Adam, M. Sentic, Z. Fattah, D. Manojlovic, A. Kuhn, N. Sojic, 

ChemElectroChem, 2014, 1, 95. 
6M. Sentic, S. Arbault, B. Goudeau, D. Manojlovic, A. Kuhn, L. Bouffier, N. Sojic, 
Chem. Commun., 2014, 50, 10202. 

 
Keywords: Bipolar electrochemistry, Swimmers, Electrochemiluminescence, Glucose 

P005

187 sur 745



 
 

A NOVEL HYBRID MNO2/ CARBON BASED SUPERCAPACITOR IN A 
NON-AQUEOUS ELECTROLYTE 

 
Carlos Alberto Castro Ruiz1, Dominic Rochefort1 and Daniel Bélanger2 
 
1Département de Chimie, Université de Montréal, C.P. 6128, Succ. Centre-Ville, Montréal (Québec)  
H3C 3J7 
2Département de Chimie, Université du Québec à Montréal, C.P. 8888,  Succ. Centre-Ville, Montréal  
(Québec) H3C 3P8 

 
Supercapacitors (SC) that store charges via faradic redox reactions taking place (at 
least to some extent) in the bulk of the electrode material, have attracted much 
attention. MnO2 due to its low cost and good electrochemical performance is 
considered one of the most promising materials in many technological applications. 
 
Protons and/or cations are involved in the faradic reactions leading to 
pseudocapacitance and many studies on metal oxide-based SC have been limited to 
aqueous solutions. Considering that the energy density (E) of a SC is proportional to 
the specific capacitance (Cs) and the voltage (V) [E=CsV2/2], one strategy to enhance 
the cell voltage in terms of the energy density is to replace the aqueous electrolyte 
with protic ionic liquids (PIL) to take advantage of their intrinsic ionic conductivity and 
large electrochemical window of stability. Here, two PIL obtained by a mixture of a 
base like 2-methyl or 2-methoxy-pyridine and an acid (TFA) were shown to sustain 
pseudocapacitance in MnO2. Even if these PIL afford to obtain good Cs values, the 
narrow potential window of these PIL (between 0.8 and 0.6V) limits the SC to reach 
high energy densities (E) values.  
 
Increasing the cell voltage using an asymmetric configuration (carbon/MnO2 as 
negative and positive electrodes, respectively) was studied and we will report on the 
electrochemical behavior of a hybrid AC/MnO2 SC in PIL electrolytes. Further 
information about synthesis, characterization by SEM, XRD, CV and performance 
upon charge/discharge cycling will be discussed.  

 
Keywords: Hybrid Supercapacitors, MnO2, Protic Ionic Liquids, Electroanalytical Chemistry 
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Many electrochemical processes require the efficient process of both the reduction and the oxidation 

half reactions. Both of these processes can contribute significantly towards the development of 

electrochemical systems such as the ones for photocatalysts and biosensing. Usually these reactions 

have a very high over potential, thus the potential induced by the photovoltage on the plain 

semiconductor materials is not enough to induce direct in-situ REDOX reactions. 

In this work, we strive at producing corrosion resistant, chemically stable, visible light harvesting and 

highly efficient photocatalysts. For this, we utilize nanostructured semiconductor materials, such as 

GaN, AlGaN, as well as other, more common 

semiconductors and conductors. The shape of the surface of 

the nanostructured materials, as well as their inherent or 

induced carrier concentration and thus conductivity, are 

shown to have a drastic effect on the potential generated at 

the edges. In particular we examine the size shape and 

composition of the nanostructure, the crystal phase, the 

morphology, the surface modification, the bandgap and 

flat-band potential of the material, and how these parameters 

change upon surface modification. We look at the effect of 

light on the REDOX reactions, which are further increased by adding sensitizers, mediators or 

sacrificial REDOX couples, via photoelectrochemical and other spectroscopic techniques. 
 
Keywords: Nanostructures; Nanomaterials; Field Enhancement, Electrochemistry  
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ANALYSIS OF NITRATES AND NITRITES  
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Porous layers of Cu, Cu-Ni alloy (with 70 at% Cu) and Rh-modified Cu were tested as 
electrodes for the electroanalysis of nitrates and nitrites, in either neutral or basic 
media. Porous Cu and Cu-Ni were prepared by hydrogen evolution assisted 
electrodeposition. In this process, metal/alloy layers were cathodically deposited at 
high current density, exploiting the transient template action of hydrogen bubbles, and 
revealed at SEM inspection a bimodal porosity with pores at the tens of microns and 
sub-micron scales, respectively. Rh-modified Cu electrodes were obtained from 
porous Cu, through a galvanic displacement reaction in which a minor amount of Cu 
was replaced by Rh, without alteration of the major porous structure. Analyses were 
carried out using mainly a flow injection technique. The three electrode materials 
exhibited a linear response for both analytes, up to 10-3 M concentrations, at least. 
Sensitivities, detection limits and stabilities of all materials were determined. 
Compared with Cu, used as a benchmark, (i) Rh-modified Cu had higher sensitivity for 
nitrates, comparable sensitivity for nitrites, lower or comparable detection limits and 
overall better stability; (ii) Cu-Ni had lower sensitivity, but exhibited lower detection 
limits and more stable performance for most analyte/medium combinations. 

 
Keywords: electroanalysis, electrodeposition, galvanic displacement, hydrogen template.  
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Electrochemical determination of reductive compounds brings, aside to the other 
advantages of electrochemical methods such as simple instrumentation and quick 
and sensitive measurement, also other benefit, which is high selectivity. For that 
reason, we decided to study the chromatographic and electrochemical behavior of 
nitrophenyl hydrazines and the products of their reaction with carbonyl compounds, in 
the aim to use them for their labelling. As nitrophenyl hydrazines possess both 
oxidative and reductive moieties, dual electrode was chosen for the detection, working 
under both oxidative and reductive potentials. Suitable conditions (mobile phase 
composition and detection potentials) were found and parameters influencing the 
reaction were observed.  

 
Keywords: nitrophenyl hydrazines, dual electrode detection, HPLC, amperometry 
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In this work, the electrochemical method of cyclic voltammetry was used for the 
determination of antioxidant activity of Cistus creticus extracts. Cyclic voltammetry  
technique is extensively used in electroanalytical chemistry to study the electron 
transfer and its consequences.  Powdered dried plant was exposed to successive 
solvent extraction with solvents of increasing polarity. The different extracts were then 
subjected to electrochemical analysis at various pH (4.8, 7.4 and 9.3), concentrations 
(1 mg/ml and 2 mg/ml) and scan rates (0-60 mV/s). The antioxidant capacity was 
obtained using the current density of the anodic curve of the voltammogram. Ascorbic 
acid was used as reference and the antioxidant capacity was expressed in terms of 
ascorbic acid equivalent antioxidant capacity. The results obtained at acid pH showed 
that all the extracts of Cistus creticus exhibited anodic oxidation peaks whose 
intensities increase with increasing scan rate and concentration. It was noticed that the 
antioxidant activity was higher for polar and moderately polar extracts compared to that 
of nonpolar extract. Moreover, results showed the absence of reduction peaks 
indicating irreversible oxidation process of the active compounds contained in the 
extracts. At neutral pH, voltammograms of the various extracts revealed the absence 
of anodic oxidation peaks at low scan rates; however, low intensities of anodic 
oxidation peaks were observed at high scan rates. At basic pH, voltammograms 
indicated the absence of all peaks, either anodic or cathodic, for all samples and all 
scan rates. This may reflect a total inactivity of the bioactive compouds when the pH 
rises sharply. 
 

 
Keywords: Cyclic voltammetry, Antioxidant, Cistus creticus, Bioactive compouds 
 
 
 

P010

192 sur 745



 
 

STRIPPING CHRONOPOTENTIOMETRY CONTROLLED BY SEQUENTIAL 
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The external membrane of microalgae cells is composed of proteins and 
carbohydrates containing carboxylic, phenolic, amine, sulfhydryl and phosphate 
groups able to complex metallic ions present in the environmental compartments. The 
features of stripping chronopotentiometry controlled by sequential injection analysis 
(SIA) were exploited for the determination of free plus labile Hg(II) in presence of alive 
Chlamydomonas reinhardtii cells. The effects of contact time (0 to 180 min), adsorbent 
mass (0.225 to 3.6 mg), concentration of Hg(II) (1 to 500 µmol L-1), pH and ionic 
strength were evaluated. Measurements were made with screen-printed gold sensors. 
Injection of 480 µL of suspension (in 0.050 to 1.0 mol L-1 NaNO3 and pH 4.0, 5.0 or 6.0) 
to the flow cell during the deposition step (flow rate = 30 µL s-1, deposition time = 40 s; 
deposition potential = 0.3 V) was performed by using the SIA system, using an air 
bubble to avoid dispersion of the sample suspension with the carrier (0.050 mol L-1 
HCl), keeping unaltered the pH. The complexation medium was exchanged by the 
stripping solution (0.050 mol L-1 HCl) where the deposited Hg was stripped by an 
oxidising current of 0.10 µA. Adsorption data was fitted by the Langmuir equation. The 
highest adsorption capacity was at pH 4.0, (3.74±0.25) x 10-3 mol g-1, with adsorption 
constant of (1.000±0.009) x 105 L mol-1). Ionic strength did not affect the sorption, 
indicating the interaction of Hg(II) with the microalgae surface was predominantly 
governed by covalent bonding instead of electrostatic interactions. 

 
Keywords: chronopotentiometry, microalgae, mercury, sequential injection analysis 
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Groundwater contamination with arsenic is a serious problem of global concern. A 
provisional reference value for drinking water is 10 μg L-1. The present work describes 
the development of an anodic stripping voltammetry method controlled by sequential 
injection analysis for the determination of As(III) in environmental samples. 
Hydrochloric acid (0.10 mol L-1) was used as supporting electrolyte and deposition 
medium. A 1.0 mol L-1 HCl solution was used for electrode activation, carrier and 
stripping medium. Other conditions were: sample volume of 1500 μL, flow rate of 15 
μL s-1 during the deposition step (105 s at -0.5 V vs. Ag pseudo reference) and square 
wave frequency of 100 Hz. Stripping was made under stopped flow (-0.5 to 0.4 V). 
Using the optimized conditions the linear range was between 7.5 – 75 µg L-1 

(r2=0.993). The limits of detection and quantification were 1.5 and 5.2 μg L-1, 
respectively. The sampling throughput was 20 analyses per hour. Precision was 
evaluated with 18.6, 37.2 and 55.8 µg L-1 As(III) solutions, resulting relative standard 
deviations of 7.9, 2.8 and 0.7 % (n=3), respectively. Foreign species that caused an 
interference level <  9 % for a 75.0 µg L-1 As(III) solution were: Fe3+ (0.15 mg L-1), 
Mg2+ (0.030 mg L-1), Al3+ (0.010 mg L-1), Zn2+ (0.5 mg L-1), PO43- (0.35 mg L-1), SO42- 
(0.24 mg L-1) and humic (100 mg L-1) and fulvic (10 mg L-1) acids. The method is fast, 
having detectability and selectivity suitable for monitoring As(III) in the development of 
remediation technologies. 

 
Keywords: voltammetry, waters, arsenic, sequential injection analysis 
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Highly selective and sensitive phosphate sensors have been fabricated by 
constructing a solid membrane disk consisting of variable mixtures of aluminum 
powder (Al), aluminum phosphate (AlPO4) and powdered copper (Cu). Both binary 
and ternary electrode systems were produced. The ternary membranes exhibit 
greater selectivity over a wide range of concentrations. The ternary electrode with 
the composition 25% AlPO4, 25% Cu and 50% Al was selected as our preferred 
electrode. The ternary membrane electrodes exhibited linear potential response in 
the concentration range of 1.0 × 10−1 to 1.0 × 10−6 mol L−1. The mechanism for the 
selectivity of phosphates by the electrodes includes adsorption, absorption and ion 
exchange processes. An understanding of these processes reveals that the 
composition of the membrane material and its molecular structural framework are all 
important. The layered double hydroxides which form within the interstitial layers of 
the phosphate selective membranes contribute to the selectivity of the ions. 

 
Keywords:  Layered double hydroxides (LDH), phosphate sensitive electrode, chemisorption, 
adsorption, aluminium phosphate, interference. 
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Graphene, a two dimensional (2D) structure of carbon resulting from sp2 hybridization, 
has attracted in so many fields such as supercapacitor, nanoelectronic, energy-storage 
device and electrochemical sensor applications due to their large surface area, 
excellent carrier mobility, high thermal and mechanical properties. Recently, graphene-
based nanocomposite materials have been extensively used to construct a new 
generation electrochemical sensors due to its strong electrocatalytic activity towards 
the various organic molecules such as dopamine, uric acid, glucose, DNA. However, 
the reports are limited related to the electrochemical determination of drug molecules 
using graphene-based electrodes. Nebivolol (NBV), a competitive and highly selective 
β1 receptor antagonist with mild vasodilating properties, is used clinically for the 
treatment of hypertension and chronic heart failure. For the first time, we report the 
investigation of electrochemical behavior of NBV on high-quality graphene/nafion 
nanocomposite modified electrode (GRE/NFN) using voltammetric techniques. 
GRE/NFN showed a high electrocatalytic performance towards the NBV with a low 
detection limit of 46 nM under the optimal experimental conditions. The GRE/NFN 
could be a promising sensing material with a high sensitivity and selectivity for the 
electrochemical sensing of NBV and can also be adopted for all electroactive β1 
receptor blockers class in pharmaceutical or clinical samples. 

Keywords: Electrochemical sensor, Graphene, Chemical modified electrode, Nebivolol 
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Oxidative stress accompanies diseases of the cardiovascular, nervous system, lungs, 
eyes, blood, and the processes of human aging. One way to prevent the occurrence 
of oxidative stress and mitigate its effects on the human body is the use of 
antioxidants. Research methods of antioxidants used to examine existing antioxidant 
drugs and the development of new drugs. 
Developed a potentiometric method for the determination of antioxidant activity, 
wherein the oxidized form of the metal used in the composition of the complex 
compound as the oxidizer model. Basic requirements for complex compounds: 
electrochemical reversibility, high value of the conditional stability constants in the 
range of pH close to physiological. Equilibrium is established obeys the Nernst 
equation for Ox-Red pairs due to the high electrochemical reversibility. As the oxidizer 
used model [Fe(III)-EDTA]-, [Fe(SCN)3] and K3[Fe(CN)6]. 
The proposed method is investigated low molecular weight antioxidants of natural 
origin: phenolic nature; thiol compounds; compounds containing hydroxyl groups at 
the furan heterocycle; purine derivatives. Point values correspond to the introduction 
of a relative standard deviation of 0.02-0.05. 
Thus, the developed method allows the determination of antioxidants of different 
chemical structure and is quite promising for further research, including antioxidant 
drugs.  

 
Keywords: potentiometry, antioxidant, complexes of iron  
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In previous studies, we have observed that different phenolic compounds which are 
interesting because of their antioxidant and anticarcinogenic activities are present in 
the cork boiling water samples. The more used methodology to analyse them is the 
standardized spectrophotometric method based on the Folin-Ciocalteu reagent. It 
provides the total content of phenols in the samples, but not only them because this 
reagent is able to reduce all the species in the sample that have any antioxidant 
capacity. 
In the present work, we explore the determination of phenol compounds by the flow 
injection analysis electrochemical detection using screen-printed carbon electrodes 
modified with graphene. Different hydrodynamic curves were obtained and the 
different instrumental chemical variables were properly optimized (applied potential 
0.65 V, step interval 0.12 s, flow rate 2 mL/min, and pH 4.5). The figures of merit were 
also calculated for the calibration curves obtained. Finally, the application of the 
optimized methodology was performed in cork boiling water samples and the results 
obtained were expressed as gallic acid equivalents (GAE)/g of cork, and we found a 
good correlation between de spectrophotometric method in comparison with the 
electrochemical based on FIA analysis proposed in this work. 

Fig. 1. Influence of the concentration of Gallic acid in FIA. 

 
Keywords: cork, phenolic compound, Flow Injection analysis 
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Selectivity is a fundamental concept in analytical chemistry. Despite of this it does not 
have a generally accepted definition, let alone a generally accepted measure. Three 
definitions in IUPAC documents differ conceptually from each other. An accurate 
definition exists in metrology but its applicability depends on the analyst’s beliefs 
about the samples and it can only be applied in method validation. Finally there exist 
definitions of selectivity in subfields of analytical chemistry, like potentiometry, which 
have little to do with the previously mentioned definitions. 
 
A thorough investigation of these problems has led to surprising results. Firstly, there 
is a big difference between methods where the measured signal(s) depend linearly 
on the concentrations of analyte and interferent(s), respectively, and between those 
where this is not the case (1). Secondly, even in the linear case, there is a big 
difference between single channel and multichannel (spectroscopic, sensor array, 
etc.) measurements (2). The „classical”, intuitively satisfactory and practically useful 
definition of selectivity that we have come to use with single channel linear methods, 
i.e., the ratio of the respective sensitivities, is difficult or impossible to extend to the 
other cases.  
 
In the presentation the published results will be generalized and the existing 
selectivity measures, e.g., in chemometry, potentiometry and metrology, compared 
and evaluated. 
 
References 
1. Z. Dorko, T. Verbic, G. Horvai, Talanta 132 (2015) 680 
2. Z. Dorko, T. Verbic, G. Horvai, Talanta 139 (2015) 40 
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The electrodeposition of Zn-Co alloy on stainless steel substrate from a citrate bath has been 

investigated as a function of pH and citrate concentration of plating bath. UV-vis results and 

speciation diagrams of zinc and cobalt in aqueous citrate solution were used to select 

deposition baths with different dominant Zn-Co citrate complexes. Voltammetry and 

potentiostatic methods were used to study the codeposition mechanism. The corrosion 

behavior of electrodeposits of Zn-Co alloys were studied by means of electrochemical 

experiments in a solution of 3.5% NaCl using potentiodynamic polarization and open circuit 

potential (OCP). The results showed that the corrosion resistance of the deposits was highly 

influenced by the presence of citrate in the plating bath.  

 

Keywords: Zn–Co alloy, electrodeposition, citrate bath, corrosion. 
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Designing electrode architectures to improve their sensitivity is one of the key-
challenges in the field of electroanalytical sciences. Due to their high active surface 
areas, porous materials are ideal candidates to enhance the properties of such 
systems.[1] Moreover, the bottom-up approach is one of the most versatile methods 
for fabricating electrodes with the required design. Recently, we took advantage of 
the potentiostatic electrodeposition of metals, or conductive polymers through 
colloidal templates based on silica particles to get such hierarchical structures.[2] 
Given their high surface-to-volume ratio, the latter are excellent building blocks for 
getting more complex and miniaturized electrochemical devices.[3,4] This strategy 
indeed offers the ability to tune the pore diameter, the geometry of the substrate and 
the thickness of each macroporous element, making therefore their active surface 
areas extensively adjustable. A miniaturized electrochemical cell based on two 
coaxial and independently addressable electrodes is shown in Fig. 1 where the 

 

space between them serves 
as an electrolyte tank, its 
thickness and the volume of 
the cell being both tunable.[5] 
Such a fully integrated device 
opens promising per-
spectives for getting high 
performance electroanalytical 
tools, especially for bio-
sensing applications when 
enzymes are immobilized 
inside the pores. 

Figure 1. Scanning Electron Microscopy images of the coaxial 
electrodes forming the miniaturized electrochemical cell and 
cyclic voltammograms showing their electrical independence. 
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Voltammetric behavior of pesticide fenitrothion has been studied at a mercury 
meniscus modified silver solid amalgam electrode (m-AgSAE), an inexpensive 
non-toxic electrode with broad potential window in cathodic region, mechanically 
stable and with easily renewable surface. The optimum conditions for fenitrothion 
determination in the concentration range from 0.6 to 100 µmol L-1 for direct current 
voltammetry (DCV) as well as for differential pulse voltammetry (DPV) are: ethanol – 
Britton-Robinson (BR) buffer pH 7.0 (1:9 V/V). In order to reduce negative influence of 
electrode passivation, the suitable regeneration procedure based on application of 
150 polarizing cycles between 0 and -1.4 V has been applied. The attained limit of 
quantification (LOQ) of fenitrothion was 300 nmol L-1 for DCV and 37 nmol L-1 for 
DPV. An attempt to increase the sensitivity using adsorptive stripping voltammetry at 
m-AgSAE was not successful. The practical applicability of the newly developed DPV 
method was verified for the direct determination of fenitrothion in model water 
samples, namely in drinking and river water with LOQ 100 nmol L-1 and 150 nmol L-1 
for drinking and river water, respectively. 
 
This research was carried out within the framework of the Specific University 
Research (SVV 2015). ZK thanks the Grant Agency of the Charles University in 
Prague (Project 140214/2014/B-CH/PrF) and JB and VV thank the Grant Agency of 
the Czech Republic (Project P206/12/G151) for the financial support. 
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Carbon monoxide (CO) which is naturally produced by the action of heme oxygenase 
in the human body plays diverse physiological roles as a signaling molecule. 
Abnormalities in its metabolism have been linked to a variety of diseases, including 
hypertension, neurodegeneration, heart failure, and inflammation. Therefore, the 
rapid, reliable detection of CO is essential to elucidate its numerous biological 
functions. However, the measurement of CO has been challenging due to its low 
concentration, rapid diffusion, and severe interference from electrochemically active 
species. Indeed, the bioanalytical utility of a tin (Sn)-deposited platinum electrode, a 
previously well-known amperometric CO sensing electrode has been hindered by its 
significant interference from nitric oxide (NO). Herein we report a novel CO sensor 
modified with aniline derivatives as a sensing membrane. The film of aniline or its 
derivatives is deposited on a platinum electrode by electropolymerization (i.e., cyclic 
voltammetry). A series of aniline derivatives ortho, meta, and para substituted with 
electron donating (e.g., methyl and ethyl) and electron withdrawing (e.g., fluoro, chloro, 
bromo, carboxylic, trifluoromethyl, and sulfonic) groups are employed to evaluate the 
substitution effect on sensor performance (e.g., sensitivity, selectivity, and stability). In 
addition, using a perfluorinated xerogel-derived permselective membrane is allowed 
to further alter the selectivity pattern. Finally, the real-time detection of CO in 
myocardial ischemia and reperfusion injury ex vivo is evaluated with a rat heart model. 
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Myocardial infarction resulted from the interruption of blood supply to a part of the 
heart has been one of the leading causes of death in the world. Cardiac troponin I 
(cTnI) is the most preferred biomarker for the detection of cardiac injury. The level of 
cTnI in blood is more highly correlated than other cardiac biomarkers (e.g., creatine 
kinase and myoglobin) with both the severity of symptoms and the prognosis in 
congestive heart failure. The method using antibody-based immunoassays has been 
well-known for detection of cTnI or another cardiac biomarker, B-type natriuretic 
peptide (BNP). However, since antibodies are thermally unstable inherently, its utility 
in the immunosensor fabrication has been hindered. To overcome such 
disadvantages, immunosensors based on the use of aptamers (oligonucleic acid or 
peptide molecules) as a new molecular recognition element have recently received 
tremendous attention. Indeed, aptamers are more thermally stable, easy to 
‘synthesize’, and readily adaptable to chemical modification. Herein we report on a 
new approach to design an electrochemical aptamer sensor based on the label-free 
detection of cTnI and BNP by utilizing ferrocene (Fc)-modified silica nanoparticles that 
are able to generate electrochemical signals. The specific binding of a target protein 
with aptamer leads to changes in electrochemical signals by blocking the access of 
the Fc-modified silica nanoparticles to the electrode surface. In this way, we enable to 
determine cTnI (and BNP) concentrations in biological samples, especially in the 
presence of interferences (e.g., human serum albumin, lysozyme, and myoglobin). 
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The contribution will describe construction of two inexpensive electrochemical arrays 
based on carbon composite film electrodes and their application for voltammetric 
determination of oxidizable biomarkers in different types of biological matrices, 
especially in urine. Attention was paid to biomarkers of various serious diseases (e.g. 
tumor biomarkers) and to biomarkers of exposition (hydroxyl derivates of carcinogenic 
polycyclic aromatic hydrocarbons). 
 The carbon ink for the fabrication of carbon composite film electrodes was 
prepared by thorough mixing of 0.09 g of conductive graphite particles and 0.01 g of 
polystyrene with 0.5 mL of toluene. After complete dissolution of the polymer, the 
electrode mixture was homogenized by intensive stirring and applied to the sensor 
carrier substrate.  

In the first arrangement, the aluminium plate of 1 mm thickness was used as a 
substrate. Subsequently, 10 µL of the carbon ink was applied onto surface of the plate 
in sufficient spacing between each electrode (depends on size of the plate); after the 
solvent evaporation, each formed a circular spot of conductive film serving as an 
independent working electrode. 

In the second arrangement, the rounded bottoms of 96-well microtitration plate 
were served as a substrate. At the bottom of each well, a hole was drilled and metal 
contact was inserted. Then, 80 µL of the carbon ink was applied into the cell; after the 
solvent evaporation, the solid electrode was ready for the measurement. 

In both arrangements, the sample solution was placed above the electrode 
surface into which reference and auxiliary electrode was inserted thus completing the 
circuit. 
 Both arrangements are compatible with both laboratory and in-field 
measurements from the point of portability, electrochemical parameters, low burden 
on the environment, low price and user friendliness. 
 
Acknowledgement: This research was realized in the frame of specific university 
research SVV. Financial support of the Grant Agency of the Czech Republic (project 
P206/12/G151) is gratefully acknowledged. 
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Colored Miocene water are a newly discovered significant source of thallium  
dispersion in the environment. Tl is a highly toxic non-essential element which is 
subject to some dispersion in the environment due to industrial activity and natural 
processes. There is a need for this dispersion to be monitored.  The presence of 
colored water within the brown coal Miocene formation is related to the formation of 
organic sediments in that period which changed into layers of brown coal.  

The aim of this study was to develop the procedure for the determination of Tl 
in colored waters, both in soluble form and entrapped in suspended solid matter (SS), 
as well as to investigate the concentration of Tl in colored waters, both in soluble form 
and entrapped in SS. Tl was determined by flow-injection differential-pulse anodic 
stripping voltammetry. A measurement in a flow-injection system enables the 
circulation of an analysed sample and a medium exchange when preconcentration is 
completed. This approach ensures significant improvement of a background current. 
Samples were filtered for the determination of the total Tl or evaporated and 
decomposed for the determination of the total Tl.  

Miocene colored waters from the Wielkopolska region contain very high Tl 
concentrations, and are thus a newly discovered significant source of Tl pollution in 
the environment. The concentrations are higher than the results for surface water by 
2–3 orders of magnitude. The majority of the Tl in the colored waters is entrapped in 
SS (more than 95% in the majority of samples). 
 
Keywords: thallium, flow-injection differential-pulse anodic stripping voltammetry, colored 
waters, suspended solids, 
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Restriction endonucleases are the main tool of modern genetic engineering. They are 
essential in recombinant technology, sequencing of a large DNA strands, genotyping, 
mapping, and also they play a crucial role in a molecular diagnostics. Because of their 
biological importance and wide use, a number of methods have been developed to 
assay restriction enzyme activity. However, all these protocols are time and DNA 
consuming, laborious, and usually require isotope or fluorophore labeling. Thus , the 
search for a new, simple and economical methods for endonuclease activity 
determination is ongoing. 
In our work we have focused on monitoring enzymatic reaction using electrochemical 
biosensor and square wave voltammetry (SWV). A PvuII restriction enzyme and a 
20-mer oligonucleotide dsDNA self-assembly monolayer (SAM) on gold, containing a 
restriction recognition site of a chosen enzyme, were used as a model system. The 
measurement of enzyme activity is based on decrease of current signal derived from 
the redox active probe –methylene blue (MB) present in the solution. The impact of 
DTT, BSA, TRITON X-100, and glycerol that are commonly used in enzymes solution 
on dsDNA-SAM was examined using electrochemical impedance spectroscopy 
(ESI).The influence of the distance of the restriction site from the electrode surface on 
the assay sensitivity was also evaluated. The kinetics of the enzymatic reaction using 
developed sensors with various oligonucleotide sequences will be presented as well. 
(max. 250 words) 
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In most cases described so far a potentiometric membrane is made of one polymer (or one 
copolymer) used with ion-exchanger and ionophore, for some polymers / copolymers 
optionally used with a plasticizer of choice. Application of just one polymer (or copolymer) with 
additives as membrane material is the classical concept of potentiometry.  
From the point of view of optimization of the sensor performance, it would be beneficial to 
control the ion diffusion rate in the membrane, for example to prevent unwanted leakage of 
primary ions from the membrane to the sample solution or to induce a small flux of primary 
ions to the membrane bulk in order to avoid primary ions accumulation in the membrane 
surface part. Achieving this goal with single membrane composition (based on one polymer/ 
copolymer) is, however, difficult. This can be done, for example, by using a membrane being 
an ordered composition of different thin layers, arranged in such a way that diffusion 
coefficients and ionic contents (primary, interferent ions) change through the membrane 
thickness [1]. This approach is presented here by introducing the layered membranes concept. 
Potentiometric studies were supplemented by laser ablation mass spectrometry experiments 
enabling insight into concentration profiles of ions in the membrane [2].  
 
1. A. Kisiel, E. Woźnica, M. Wojciechowski, E. Bulska, K. Maksymiuk, A. Michalska, Sens. 
Actuators B 207 (2015) 995-1003. 
2. A. Michalska, M. Wojciechowski, B. Wagner, E. Bulska, K. Maksymiuk, Anal. Chem. 76 
(2006) 5584 – 5589. 
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New electrochemical method of simultaneous determination of vanillylmandelic acid 
(VMA) and homovanillic acid (HVA) by reversed-phase HPLC with electrochemical 
detection was developed. Recently described coulometric detector with renewable 
working material based on glassy carbon microparticles was used for electrochemical 
detection. HVA and VMA are main metabolites of catecholamines and their high levels 
in human urine are associated with the diagnosis of neuroblastoma, which is the most 
common tumor in childhood and most frequent neural crest tumor.  
Optimal conditions of determination were found: flow rate 0.7 mL min-1, detection 
potential +1.3 V and the composition of mobile phase acetonitrile : ten times diluted 
Britton-Robinson buffer pH 3 (75:25, v/v). Calibration dependences are linear from 
quantification limits to 100 µmol L-1. The applicability of the newly developed method 
was tested on model urine samples. 
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This theoretical work examines some basic and overlooked concepts which sustain 
the efficiency of electrochemiluminescence (ECL) generated by co-reactants systems 
such as the nowadays classical alkyl amines / transition metal(II) complexes ones. It 
is shown that changes in ECL intensities emitted by these systems are much more 
dependent on the relative diffusivities of the two co-reactants than on the range of 
thermodynamic and kinetic rate constants that are possible to explore and vary. In 
particular, it establishes that decreasing the diffusion coefficients of the metal 
complexes species (e.g., by adequate redox or photochemically inert large 
substituents or by anchoring them to the electrode surface) vs. that of the amine 
co-reactant leads to a great enhancement of the ECL intensity of the first ECL wave, 
viz., that observed at the level of the amine oxidation peak. Though investigated using 
simulations based on the thermodynamic and kinetic constants of the most common 
tri-n-propylamine (TPrA) / Ru(bpy)32+ system, this work conclusions are more 
general. 
 
References: 
– I. Svir, A. Oleinick, O.V. Klymenko, C. Amatore. ChemElectroChem, 2015, in press, 
doi: 10.1002/celc.201402460. 
– O.V. Klymenko, I. Svir, C. Amatore, ChemPhysChem, 2013, 14, 2237-2250. 
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A microbial fuel cell (MFC) was used as the primary source in an electric energy 
accumulation system. The MFC characteristics were studied by the voltammetric and 
chronopotentiometric methods. A BQ25504 converter (Texas Instruments) was used 
as the basis of the accumulation module connected to the BFC. The energy 
accumulation regime was studied using capacitors of 100, 1000 and 6800 μF 
(accumulation capacitors); glucose at a concentration of 10 mM served as oxidized 
fuel. The system enabled increasing the MFC voltage from open-circuit voltage 
(400–500 mV) to a preset value of 3.1 V. The time of preset voltage accumulation at 
the converter output depended on the value of the accumulation capacitor and the 
type of electric energy source. The preset value of 3.1 V was reached  in 1.5 min at 
the accumulation on a capacitor of 1 F (ionistor) using a chemical battery (AA cell); in 
3 min on a capacitor of 1000 μF using a photocell as a source; using an MFC, in 13 
min on a capacitor of 100 μF and in ~2 h on a capacitor of 6800 μF. The capacitor of 
6800 μF charged in this way carried a charge of 21080×10-6 C, providing accumulated 
energy of 32.7 mJ, and, in a short-time mode (~1 min), enabled the glow of a 
Kingbright L-1154SURDK light-emitting diode (2.0 V, 20 mА) or several rotations of 
the rotor of a Mitsumi M25E-4L motor (3.0 V, 100 mА). 
This approach is considered as the initial stage in investigating the issue of using the 
MFC–converter pair and developing mini-sized MFCs. 

 
Keywords: biofuel cell, microbial cells, voltage converter 
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MEDIATOR-FREE OXIDATION OF ETHANOL ON AN ELECTRODE FROM 
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We studied bioelectrocatalytic oxidation of ethanol by Gluconobacter oxydans VKM 
B-1280 whole cells and their membrane fractions participating as an electrocatalyst. 
Electrode material was graphene-like thermally expanded graphite of high surface 
area and low resistivity. We believe that the situation is similar to the tunnel transport 
of electrons, which can occur during the contact of biomaterial with graphene-like 
thermally expanded graphite. As described elsewhere, it is characteristic of a 
biomaterial–multi walled carbon nanotube combination; this process is considered as 
the direct transport of electrons. Bacterial cells or their membrane fractions were 
immobilized on the electrode surface by application in chitosan gel to prevent 
desorption of biocatalyst. The bioelectrode characteristics were studied by the 
voltammetric and chronopotentiometric methods. The calibration curves for detection 
of ethanol were obtained both for whole cells and membrane fractions (detection 
range 0.5–20 mM). The stability of bioelectrodes was 5 days. The optimum 
concentration of biomass at the electrode was 5 mg (wet weight). The substrate 
specificity of bioelectrodes based on whole cells or their membrane fractions was 
investigated. The maximum response was at the introduction of ethanol; the response 
to glucose was five times less; to acetaldehyde and galactose, was negligible. It was 
shown that electrooxidation of ethanol on the bioanode could proceed both in the 
mode of direct mediator-free electrocatalysis and by the mediator mechanism. 
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In the present work were studied quercetin (Q) and quercetin sulfonic acid (QS) as 
complexing agents for catalytic adsorptive stripping voltammetric determination of 
vanadium (V) in water and urine samples. 
Experimental parameters were optimized; pH, ligand and KBrO3 concentration, 
potential and time of accumulation. Optimal conditions for Q were pH:5,0; CKBrO3: 10,0 
mmol L-1; CQ: 1,5 µmol L-1; Eacc: 0,1 V; tacc: 30 s and for QS were pH:6,7; CKBrO3: 10,0 
mmol L-1; CQS: 3,0 µmol L-1; Eacc: 0,1 V; tacc: 30 s. Under optimal experimental 
parameters calibration plots were constructed, linear range and detection limit were 
determined. 
For Q the linearity is maintained until 1,6 µg L-1, 3σ detection limit was 2,9 ng L-1 and a 
repeatability of 3,4% (n = 9; CV(V): 0,1 µg L-1) with 30 s of accumulation time.  
For QS the linearity is maintained until 0,7 µg L-1, 3σ detection limit was 0,25 ng L-1 
and a repeatability of 1,7% (n = 9; CV(V): 0,1 µg L-1) with 30 s of accumulation time. 
The use of quercetin sulfonic acid as chelating agent for V(V) determination allows the 
development of a high sensitive methodology. In fact, it is the most sensitive reported 
methodology to date. 
Hence, the development methodology using a ligand with sulfonic group presented a 
higher sensibility and a lower detection limit than no substituted ligand. Others results 
using ligands with a sulfonic groups showed an increase of sensibility for metallic ions 
determination by AdSV. 

 
Keywords: Vanadium, Quercetin sulfonic acid, Adsorptive stripping voltammetry, Catalytic. 
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In the last years, transparent conductive oxides (TCOs) are being extensively studied because 
of their broad range of technological applications such as transparent electrodes in 
photovoltaic and display devices. In the search of new materials with functional properties that 
satisfy the new requirements appearing in such devices, amorphous TCOs are emerging as 
potential solution. Their amorphous nature ensures a smooth surface, really useful for 
applications as electrode. In addition, the possibility of designing their functional properties by 
controlling parameters, such as their chemical composition, has made this issue a hot topic in 
the material research field. This study is focused on the development of In-Sn-Zn-O (ITZO) 
multicomponent thin films prepared by co-sputtering of Aluminum-doped Zinc Oxide (AZO) 
and Indium Tin Oxide (ITO) targets on glass substrates. The effects of zinc content on the 
structural and morphological properties were investigated in order to determine the transition 
from polycrystalline to amorphous structure. Chemical elements were quantitatively 
determined by Wavelength Dispersive X-Ray Fluorescence Spectrometry (WD-XRF). The 
changes in film´s crystallinity were determined by X- Ray Diffraction (XRD) analysis. The 
surface morphology was evaluated by atomic force microscopy (AFM) via the 
root-mean-square (RMS) roughness. Finally, with the aim to incorporate in devices as 
electrode, we demonstrated the tuning of the work function of the ITZO thin films as function 
of zinc content, measured by Kelvin Probe Microscopy (KPM).  

 
Keywords: co-sputtered AZO-ITO, chemical composition, surface analysis, photovoltaic 
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This study is focused on the application of a carbon nanotubes modified silver solid 
electrode (CNT-AgE) for the development of modern voltammetric methods for the 
determination of submicromolar concentrations of biologically active compounds 
present in the environment. As a model substance, 8-nitroquinoline (8-NQ) has been 
chosen. 8-NQ is classified as nitrated aromatic heterocyclic compound and it is well 
known for its cancerogenity [1], therefore the development of new sensitive 
electroanalytical methods for its determination is necessary. 
The advantages of CNT-AgE are primarily its wide potential window in cathodic region, 
relatively high signals obtained and low noise of measurements. Other advantages of 
this electrode are also non-toxicity compared to mercury electrodes and possibility of 
measurements in anodic part of potential window, which is impossible at mercury 
electrodes.  
In this work, the process of electrode surface modification using carbon nanotubes has 
been optimized. The carbon nanotubes modified silver solid electrode was used for 
testing electrochemical behavior of 8-NQ in aqueous medium.    

 
Keywords: Silver Solid Electrode, Carbon Nanotubes, Voltammetry 
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Recently we have described a simple way to modify multiwalled carbon nanotubes 
(MWCNT) with nitroaromatics [1] that involve the encapsulation of the nitroaromatic 
compounds on the MWCNT three dimensional network. The procedure involves the 
encapsulation of nitrocompounds in glassy carbon electrodes (GCE) modified with 
multi walled carbon nanotubes (MWCNT) simply by dipping the GC-MWCNT 
electrode in a solution containing the nitrocompound. In such studies we show that 
- interactions are responsible for encapsulation of the nitrocompound. 
Considering the above property of nitroaromatics is possible to design analytical 
strategies involving the trapping of the nitrocompound with its subsequent reduction 
via the 4-electron reduction of the nitro group to the hydroxylamine derivative 
according to: 

ArNO2 + 4H+ + 4 e-   →  ArNHOH + H2O  (1) 
In this study we will present results obtained with different nitrocompounds such as 
nifedipine, nitrendipine, nisoldipine, furnidipine, 2-(4-nitrophenyl)-1,3-oxazol, 
1-(4-nitrophenyl)-pyperazin, 1,3,5-trinitrobenzene and 1,3-dinitrobenzene. 
All the studied nitrocompounds follow a qualitatively similar behavior according to the 
above equation (1). From the comparison of the voltammograms carried out on naked 
GCE and GC-MWCNT the answer in peak current was remarkably increased for appx. 
40 times. Due to the increased answer in peak current is obvious to think this 
procedure as an analytical tool in order to quantitatively determine these types of 
compounds. In this scope we found a linear relation between the peak current due to 
the reduction of the nitro group and the concentration of the nitrocompound.            
 
1.- R. Moscoso, J.Carbajo, M.Lopez, L.J. Núñez-Vergara, J.A.Squella. Electrochem. 
Commun.13 (2011) 217-220. 
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Metal nanoparticles are widely used in modern electroanalysis as modifiers of 

electrochemical sensors. Thermodynamic and electrochemical properties of the 
nanoparticles localized on the foreign electrode surface are the parameters 
governing the property of the chemical and biochemical sensors. These parameters 
are considered here in the connection of nanoparticles size, distribution on the 
electrode surface and interaction with it. The results of numerical simulation and 
experimental investigation of gold, silver and bismuth nanoparticles, localized on the 
graphite containing electrode are in good agreement. Electrochemical activity of 
nanoparticles is expressed in the shift of their electrooxidation potential to negative 
direction. The same effect is observed in the processes of electrooxidation of 
different substances on nanoparticles surface. Higher electrochemical activity of 
nanoparticles is followed by improvement of their sensory properties as compared 
with macro or microelectrodes. It is expressed in increasing sensitivity and reducing 
the limit of detection of elements. 

The role of the factors mentioned are demonstrated on founded features of 
optimal conditions for different kinds of substance to be determined preconcentration 
in stripping voltammetry: metal discharge, interaction of substance to be determined 
with electrode material followed by sparingly soluble compound formation and 
adsorption of the analyte on the electrode surface. 

Application of sensors based on nanoparticles of gold, silver and bismuth for the 
determination of mercury, selenium, lead, cadmium, zinc, nickel, nitrite, sulfide, 
iodide ions in natural water, wastewater, drinking water and soils and speciation of 
arsenic is presented in this work. 

 
Keywords: nanoparticles, voltammetry, mathematical modeling, electrochemical sensors, 
electroanalysis. 
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The purpose of this research was to develop a voltammetric method for 
acetaminophen (APAP) determination in simple and complex pharmaceutical 
formulations on a solid graphite electrode. Anodic stripping voltammetry was used in 
the study, employing four different modes – cyclic (CV), differential pulse (DP), normal 
pulse and square wave. Optimal oxidation potential of APAP was searched for in the 
range of 0-900 mV. The effect of additional parameters was also verified e.g. the 
volume ratio between electrolyte and depolarizer, supporting electrolyte and pH 
(phosphate, ammonium-acetic, citric-phosphate buffers and glacial acetic acid). The 
oxidation peak was recorded only in DP and CV mode in the presence of all 
electrolytes. The distinct voltammogram was obtained in 1 M phosphate buffer at pH 
7.78. Finally the measuring cell contained 1 mL of phosphate buffer, 1 mL of APAP 
solution and 10 mL of redistilled water. The signal was recorded at 370 mV. The linear 
range between the current (A) and the concentration of the standard solution of 
APAP (mg/mL) was found in the range of 0.4-1.2 mg/mL. The limit of detection and 
quantification were equal to 0.04979 and 0.1660 mg/mL, respectively. 
The developed method was applied for voltammetric analysis of 19 commercially 
available drugs. In all pharmaceutical preparations the content of APAP was within 
declared values. The relative difference between declared content and mean content 
determined by voltammetry varied between 0.4 and 3.1% using calibration curve and 
between 0.4 and 1.6% when standard addition was applied. 
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Regular electrode arrays generally possess a symmetry which allows to reduce their 
mathematical description to consideration of a single electrode of this array within the 
laterally bounded domain (known as ‘single cell’ or ‘diffusion domain’) [1]. In this case 
by multiplying the simulated current of the single cell by the number of electrodes in 
the array one would obtain an electrochemical response of the whole array. The 
electrodes in arrays are generally ordered in a hexagonal or square patterns, which 
result in hexagonal or square cross-sections of the single cell, respectively. A 
straightforward approach to the mass-transport problem in such cells would require 
complex and time-consuming 3D simulations. Therefore almost always an 
approximation is made in simulations by replacing the original cross-section with the 
circular one of the same surface area. At one hand, this greatly facilitates the 
simulations due to the possibility to formulate the mass-transport problem in two 
dimensions (2D). On the other hand, although this approach was proven to be 
effective in practice, the error introduced by this approximation, to the best of our 
knowledge, was never been studied or even estimated. 
 
The error associated with the approximation is based on the fact that it is impossible 
to pave the plane with non-intersecting circles contrary to the perfect plane paving 
with hexagons or squares as well as due to the different possible diffusion pathways 
within the single cells with different cross-sections. In order to assess quantitatively 
this approximation we performed 3D Brownian motion simulations for the single cells 
of square, hexagon and circular cross-sections equipped with disk electrode. 
Moreover the situations with inlaid, recessed and protruding electrodes were also 
considered for each cross-section shape. Notwithstanding the completely different 
diffusion patterns observed in these systems, the obtained results showed that the 
approximation give rise to an experimentally indistinguishable error (less than 5%) for 
all considered systems [2]. The only exception were the situations of low experimental 
interest when the electrode radius was extremely close to the characteristic size of the 
cross-section, i.e. when the neighboring electrodes in the array almost touch each 
other [2]. 
 
[1] C. Amatore, J.-M. Savéant, D. Tessier, J. Electroanal. Chem. 1983, 147, 39. 
[2] O. Sliusarenko, A. Oleinick, I. Svir, C. Amatore, Electroanal. 2015,  

DOI: 10.1002/elan.201400593. 
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Head and neck cancer is the sixth most common cancer worldwide where 40% of 
these total cases are referred to oral cavity malignancies. Recent results have shown 
that both cell-free mRNAs and proteins in saliva present diagnostic values for oral 
cancer and other systemic diseases. Therefore, developing highly sensitive and 
accurate assay for salivary mRNA/protein biomarkers makes saliva a valuable 
diagnostic fluid and offers the potential for the identification of disease in a reliable, 
noninvasive and specific manner. 
The development of electrochemical magnetosensors which allow the simultaneous 
determination of the two different biomarkers associated with one of the most relevant 
salivary oral cancer biomarker, IL-8 (protein IL-8 and its mRNA associated), at the 
clinical relevant levels in undiluted human saliva samples will be presented in this 
work. The implemented methodologies, based on the use of modified magnetic beads, 
specific antibodies and hairpin DNA sequences against IL-8 protein and mRNA, 
respectively, and disposable dual screen printed carbon electrodes, provide high 
sensitivity and selectivity and LODs of 0.21 nM for IL-8 mRNA and 71.4 pg mL-1 (far 
below the cut-off of 600 pg mL-1) for IL-8 protein in undiluted saliva samples. This 
simple magnetosensor design which provides fast, effective, and accurate 
multiplexing measurements in raw and undiluted complex biological samples could be 
easily adapted to the simultaneous determination of other relevant biomarkers and 
may open a new avenue for multiplex detections of cell-free mRNAs and proteins with 
significant potential applications in point-of-care (POC) devices for diagnosis and 
prognosis of oral cancer malignancies.  

 
 

 
Keywords: electrochemical multiplexed platforms, IL-8 protein, mRNA, saliva 

P038

220 sur 745



 
 

DEVELOPMENT OF SCREEN PRINTED CARBON ELECTRODES FOR 
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Environmental standards (DCE 2013/39/EU) set up by the European Commission in 
the field of water pollution require frequent physicochemical control of water on many 
sites (rivers, waste water, groundwater...). Currently used analysis techniques are 
costly, and do not allow to make the numerous analysis needed for a good monitoring. 
It is therefore essential to develop new devices dedicated to the detection of 
micropollutants more adapted to a monitoring of aquatic environments. On-site 
analysis by online sensors can meet this specification. 
ICMN’s activities in the field of the environmental metrology are focused on the 
development of electrochemical sensors based on carbon materials, to detect 
electroactive micropollutants in aqueous media. Electrochemical sensors must 
possess physicochemical properties adapted to allow sensitive and selective 
measurements of aqueous micropollutants: reliability, stability, robustness… The 
strategy adopted in this study concerns the optimization of the electrode material 
properties. The elaboration process is based on screen printing of a conductive 
carbon ink and could easily be applied on an industrial scale. In this context, we first 
sought to maximize screen printing process parameters (mesh number, inks curing 
methods…) with commercial carbon ink to obtain electrodes with good electro-activity 
and good reproducibility. We then studied the formulation of the ink (binder, carbon 
material...), and the correlations with the properties of the sensor, in order to obtain 
the highest detection sensitivity and the best durability. SPEs are controlled and 
validated by electrochemistry, using redox probe, and then used for the detection of 
organic or metallic micropollutants in aqueous media. 

 
Keywords: electroanalysis, micropollutants, screen printed carbon electrode, carbon SPE  
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Potentiometric analyzers for determination of total antioxidant/oxidant activity of 
biological materials 
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2  Ural State University of Economics, Russian Federation, Russian Federation 

 
Original potentiometric methods of biological materials total antioxidant/oxidant 

activity (AOA/OA)  direct determination developed earlier [1-4] are realized in two new 
instruments: “Antioxidant” and «ПА-S». The source of information on AOA/OA is redox 
potential shift after the sample is put into the contact with mediator system  The first one 
is designed for soluble samples and microsuspensions/micremulsions analysis, the 
second is designed for tissue (skin) investigation.   

User-friendly software provides measurements control and calculations. Data can 
be presented in graphical and digital formats, and as archives. They can be transferred 
to computer using USB flash drive. The instruments are certified in Russian Federation. 

The examples of foodstuff, nutrients, blood serum and skin investigation with the 
use of instruments are given. The instruments can be used by manufacturers of 
foodstuff, nutritients, cosmetics and pharmaceuticals to optimize the composition and 
technology, in medicine to determine the “red line” (normal AOA level) and for therapy 
monitoring. 

References 
1. Patent # 2235998, Russian Federation. 
2. Kh. Z. Brainina, L. V. Alyoshina,a E. L. Gerasimova,a,b Ya. E. Kazakov,b A. V. 
Ivanova,a Ya. B. Beykin,c S. V. Belyaeva, c T. I. Usatova, M. Ya. Khodosa. New 
Electrochemical Method of Determining Blood and Blood Fractions Antioxidant Activity // 
Electroanalysis. -2009. - V. 21. - №3-5. - Р. 618-624. 
3. Patent #2433405, Russian Federation. 
4. Kh. Brainina, L. Galperin, E. Gerasimova, M. Khodos. Noninvasive potentiometric 
method of determination of skin oxidant/antioxidant activity // Sensors Journal, IEEE. – 
2012. - V. 12, Issue №3. -  P. 527 – 532. 

 
Keywords: Antioxidant/oxidant activity, oxidative stress, potentiometry, mediator system, food, plants, 
nutrients, blood, skin 

Acknowledgments: Authors express their deep gratitude to the financial support of the Ministry of 
Education and Science of RF (Project № 1458 in the framework of the assignment 4.1458.2014/k) and 
the RFBR (Project # 13-08-96050). 

 
 

P040

222 sur 745

mailto:hdm@usue.ru
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The subject of the present work relates to electrochemical measurements based on 
electrostriction phenomenon targeted into the determination of trace concentration of 
chromium(VI) in environmental samples. Measurements were performed with several 
capacitive sensors based on self-assembled monolayers of thiol supported on the 
surface of gold electrodes. Electrostriction initiated by interactions between analyte 
and thiol, affecting capacitance-potential characteristics and being proportional to 
analyte concentration was the basis for quantitative analysis. 
The usual approach based on choosing capacity values at a single potential fails in 
terms of relative error of prediction. In present work a set of different approaches are 
evaluated with the aim of utilising multivariate approach to determination of analyte’s 
concentration. A methodology based on conventional interpolative method is used 
and several kinds of regression methods are applied. The usage of principal 
component analysis is taken as a tool for different purposes. Firstly, to perform 
regression analysis on decorrelated signal. Secondly, to choose potential values 
deemed as having the highest contribution to the model’s prediction ability. The latter 
purpose is based on the recapture of the capacity dependence on potential with the 
use of principal components. Moreover, a sensitivity definition based on such an 
approach is highlighted. 
In terms of predictive abilities proposed approach significantly outperforms the 
ordinary least squares method with respect to relative errors. The results suggest a 
high usefulness of proposed methodology for analyte’s concentration determination. 
The emphasised sensitivity measure based on Euclidean norm to compare different 
electrodes is worth considering. 
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Micro- and nanometer polymer particles are of great interest for a wide range of 
applications in biological and medical applications1,2. Commonly, polymer 
microspheres are tailored to contain functional groups e.g carboxyl-, amino-, hydroxyl-, 
which can interact with e.g. antigens, antibodies, peptides or proteins molecules. 
Precise quantification of number and activity of functional groups embedded within 
polymer matrix is essential for analytical application.  
 
In this work, we present coulometric titration for quantification the number of carboxyl 
groups within polymeric microspheres prepared from copolymer of n-hexyl acrylate 
and increasing amount of methacrylic acid. Coulometric titration of small amounts of 
analytes is especially attractive because of the relatively high precision of 
measurement of the amount of titrant. Moreover in coulometric titration typically uses 
titrants generated in situ and offers a possibility to use titrants which are unstable on 
storage.  
 
Experimental results obtained for prepared microspheres have confirmed that 
increasing amount of methacrylic acid in polymerization step led to higher amount of 
carboxyl groups available in coulometric titration.  
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Bisphenol-A is a widely produced compound for its use in the synthesis of 
polycarbonate plastics and epoxy resins including polysulfone, alkylphenolic, 
polyalylate, polyester-styrene, and certain polyester resins. Epoxy resins containing 
bisphenol A are used as coatings inside of almost all food and beverage cans. 
Because of large scale production and widespread usages, BPA is released into the 
atmosphere through air, land, and water. BPA exhibits estrogenic activity that raises 
concern due to its amount in the environment through plastics production and 
consumer product usage. A sensitive electrochemical sensor based on multiwalled 
carbon nanotube (c-MWCNT) modified pencil graphite electrode (PGE) was 
developed for the detection of Bisphenol A. c-MWCNT modified nanosensor provided 
high sensivity and selectivity for Bisphenol A (BPA) recognition. Detection was carried 
out with Linear Sweep Voltammetry (LSV). Parameters that affect the performance of 
the sensor were investigated and optimized. The surface structures of modified 
surfaces were characterized by scanning electron microscopy (SEM). Under 
optimized conditions, the sensor showed a linear response to BPA between the 10 nM 
and 0.14 µM concentration ranges, with a limit of detection of 6.94 nM (3σ). BPA 
diffusion coefficient was calculated 8.21x10-4cm2 s_1. The standard heterogeneous 
rate constant (ks) value was found to be 6.9x10-2 cm s-1 which indicates a relative fast 
electrode reaction process. The fabricated electrode showed good reproducibility, 
stability. The proposed method was successfully applied to determine BPA in canned 
tomatoes and bottled drinking water. 

 
Keywords: Bisphenol A, Pencil graphite electrode, Linear Sweep Voltammetry 
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 Comparison of electrochemical and spectral characteristics of 
laboratory-made and commercially available boron-doped diamond electrodes 

with different boron content 

Jaroslava Zavazalova1, Jana Vosahlova1, Katerina Prochazkova1, Ivana Sloufova2, and 
Karolina Schwarzova-Peckova1 
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of Environmental Electrochemistry, Albertov 6, CZ–12843 Prague 2, Czech Republic 
2 Charles University in Prague, Faculty of Science, University Research Centre “Supramolecular Chemistry”, 
Department of Physical Chemistry, Albertov 6, CZ–12843 Prague 2, Czech Republic 

Boron doped diamond (BDD) films have become popular as electrode material 
because of combination of attractive electrochemical, physical, and mechanical 
properties [1]. Until now, limited attention has been paid to evaluation of the influence 
of boron-doping level on the performance of the BDD in electroanalysis of organic 
compounds. Depending on the boron-doping level and crystallinity of the BDD, the 
electrical conductivity of the BDD films ranges from insulating to metallic with the 
predicted threshold for the semiconductive/metallic transition at ~1020 boron atoms 
per cm−3 [2].  
Thus, in this contribution we compare spectral and electrochemical properties of both, 
commercially available and laboratory-deposited oxygen-terminated BDD electrodes 
with semimetallic or metallic conductivity. For this purpose, a series of five BDD thin 
films were deposited by microwave plasma-assisted chemical vapor deposition on 
silicon wafers of mixtures containing 99.0% H2/1.0% CH4 and trimethylboron gas with 
variable B/C ratio in the gas phase 500, 1000, 2000, 4000, and 8000 ppm. Further, 
commercially available BDD electrodes Windsor Scientific (United Kingdom) and 
NeoCoat (Switzerland) were investigated. Morphology and quality of all BDD 
electrodes was characterized by scanning electron microscopy, atomic force 
microscopies and Raman spectroscopy. The electrochemical characterization in 
1 mmol L−1 [Fe(CN)6]3−/4− and [Ru(NH3)6]3+/4+, both in 1 mol L−1 KCl, was completed 
for all BDD electrodes after their anodic pretreatment in 0.1 mol L−1 H2SO4. Further, 
the electroanalytical characteristics for model oxidizable organic compounds 
2-aminobiphenyl including peak potential, current density, sensitivity, limit of detection 
etc. were assessed for batch voltammetric methods.  

Keywords: Boron concentration, Boron doped diamond, 2-aminobiphenyl, Raman 
spectrometry, Atomic force microscopy 
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A NOVEL THIOUREA-DERIVED CALIX[4]ARENE: SYNTHESIS and HPLC 
APPLICATIONS   

 
Hayriye Nevin Genc1, Mustafa Durmaz2, Abdulkadir Sırıt2 

 
1Karamanoglu Mehmetbey University, Department of Chemistry, 70100, Karaman, Turkey 
2Necmettin Erbakan University, Department of Chemistry, 42099, Konya, Turkey 

 
One of the most accomplished organocatalysts improved to date, bifunctional thiourea 
catalysts have been successfully applied in many reactions, such as Henry or 
aza-Henry, Mannich, Strecker, and Friedel–Crafts reactions or Michael and 
nitro-Michael additions. However, the design and progress of new, influential and 
easily reachable bifunctional chiral organic catalysts continue to be a major challenge, 
therefore synthesis of bifunctional catalysts are still important.  
 

 

 
 
Here we wish to report the synthesis of new thiourea-based calix[4]arene which is 
very effective bifunctional organocatalyst for highly enantioselective Aldol reaction of 
aldehydes to acetone. Enantiomeric excess was determined by HPLC analysis on 
Chiralpak Daicel OD-H column. 

 
Keywords: calixarenes, asymmetric aldol reactions, thiourea, HPLC 
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The organocatalytic asymmetric Michael addition of ketones or aldehydes to 
nitroolefins is one of the most powerful and efficient methods for the preparation of 
enantiomerically enriched nitroalkanes. These Michael adducts are versatile building 
blocks owing to the various possible transformations of the nitro functionality into 
other useful functional groups such as amines, nitrile oxides, ketones, carboxylic 
acids.  

 
 
In the present work, a new organocatalytic system has been developed for the 
asymmetric Michael addition of acetylacetone to nitroolefins using calix[4]arene as 
catalysts. The structure of the product was analyzed by FTIR, NMR and elemental 
analysis techniques. 
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Organocatalysis, using enantiomerically pure organic compounds, has emerged as a 
convenient and highly useful method during past decade and is now appreciated as 
the third branch in asymmetric catalysis together with enzymatic and organometallic 
catalysis. The catalytic asymmetric Michael addition is one of the most important 
approaches to carbon–carbon bond formation in asymmetric synthesis. 
 

 
 
In this study, a novel calix[4]arene-based chiral organocatalyst with bis-squaramide 
units has been synthesized and used in enantioselective Michael addition of acetyl 
acetone with -nitroolefins. The corresponding adducts were obtained in good to 
excellent yields with good enantioselectivities. 

 
Keywords: organocatalysis, enantioselectivity, squaramides, Michael addition 
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The efforts of archaeologists to illuminate our past are seriously hampered by the very 
limited written material. This is why; studying the chemical composition of 
archaeological objects such as ceramics could be an interesting way to reflect the 
behaviour patterns of ancient communities. 
In this work, different samples of ceramics taken from the archaeological site of San 
José de Moro located in the Jequetepeque valley in northern Peru were studied. 
It is one of the most interesting Mochica sites (2nd-9th c. AD) on the Peruvian coast due 
to the presence of different ceramic styles (local and not) that were deposited in royal 
tombs and used in consummation contexts.  
The studied set of samples was constituted of five groups of ceramics: Mochica Type 
1, Mochica Type 2, Cajamarca Type1, Cajamarca Type 2 and modern replicas of 
ceramics. 
In order to characterize these ceramic samples, different analytical techniques were 
used such us X-Ray Fluorescence (XRF), Energy Dispersive X-ray spectrometry in 
Scanning Electron Microscopy (SEM-EDX) and cathodoluminescence (CL). 
The first step was to evaluate the effectiveness of each analytical approach to 
differentiate the studied ceramic samples. 
Unlike X-ray data, that of cathodoluminescence was treated in a specific way. There, 
the objective was to exploit the colour images differently from the basic descriptive way 
using RGB coordinates. 
Then, a multiblock analysis considering simultaneously the whole results obtained by 
the different techniques was used in order to eventually improve the interpretability and 
to enhance the discrimination between the ceramic types. 

 
Keywords: archaeological ceramics, XRF, SEM-EDX, cathodoluminescence, chemometrics, 
multiblock analysis 
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In the field of metal conservation and restoration, electrochemistry is well-known and 
applied for cleaning, stabilization and consolidation. Moreover, metal coupons are 
used in the evaluation and monitoring of environmental corrosiveness, relating the 
thickness and nature of the formed corrosion layer with the atmospheric conditions by 
using electrochemical methods. Last decade, electrochemistry has also been found 
its introduction in the analysis -mainly identification- of other heritage materials such 
as pigments and dyes and ceramic materials. Simultaneously with the identification of 
the electroactive species in the sample, their (change in) oxidation state can be 
discriminated. Due to the high sensitivity of the electrochemical methods, only 
nanograms of sample material are necessary.  
 
Traditionally, ageing tests over months and spectroscopic analyses are performed to 
investigate the degradation processes and products of heritage materials such as 
pigments. In our work, electrochemistry is used as a fast method to investigate 
pigment degradation induced by environmental compounds/conditions. An 
electrochemical approach allows a direct visualization of the degradation process by 
monitoring the redox changes of the materials. 
 
Many compounds used as artists’ pigments can be classified as semiconductors from 
a material point of view. Examples are the ancient pigments vermilion (HgS), orpiment 
(As2S3) and mosaic gold (SnS2), and the modern pigments cadmium yellow (CdS), 
titanium dioxide white (TiO2), zinc white (ZnO) and chromium oxide green (Cr2O3). 
The semiconductor properties are strongly related to the oxidation state of the 
pigment, and can also be related to their (degradation) behavior. In this presentation, 
the results of the degradation of some of the pigments will be presented. 

 
Keywords: pigments, electrochemistry, degradation 
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Historic wrought iron is ubiquitous in many exterior heritage contexts and is often significantly 
corroded. Application of polymeric anti-corrosion coatings is common but potential for surface 
preparation varies and direct to rust application is often necessary. Decision-making in coating 
selection is complicated by: ethics; budget; compatibility with existing coatings; historic 
aesthetic; damage from surface preparation; and the rigours of maintenance régimes. A 
complete lack of empirical data regarding performance of coating systems on historic material 
prevents effective and evidenced management. 
 

Research at Cardiff University in collaboration with Historic Scotland and English Heritage 
aims to produce empirical data to inform treatment of historic ironwork. Samples of 19th century 
wrought iron coated with three commonly applied systems (one epoxy resin and two oil-based) 
were sealed within individual glass reaction vessels containing an oxygen sensor spot at 90% 
relative humidity for 20 months. Depletion of oxygen within the vessels was recorded remotely 
using a World Precision Instruments OxyMini oxygen meter to measure quenching of sensor 
spot fluorescence. This provides a proxy measurement of corrosion rate. Complementary data 
was produced by electrical resistance sensors coated with the three protective systems and 
exposed outdoors for a similar period. Comparative performance of the coatings was 
investigated using EIS on coated historic material to support the real-time long-term tests. The 
value and meaning of the differing datasets is considered within the context of a decision 
making process for selection of a coating system for cast iron cannon exposed in a coastal 
environment. 

 
Heritage Ironwork; Polymeric Coatings; Treatment Management; Empirical Evidence 
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Studies on the effects of acid pollution were conducted on three types of stone 
samples: marble stone from Elefsis, Greece, and two types of soapstone from Grytdal, 
Norway. The stones have been used to construct columns at the archaeological site of 
Elefsis and the Nidaros Cathedral Church in Trondheim, respectively. These studies 
are part of an information and communication technology based project that attempts 
to develop predictive geometric augmentation technologies to estimate monument 
stone erosions and reconstruct earlier appearances. The approach involves studies of 
accelerated salt, acid and freeze-thaw weathering effects on the stone samples and 
successive high accuracy on-site surface scanning of the monuments. For the 
simulation of the acid rain weathering two acidic conditions (nitric and sulphuric acid 
solutions) at constant pH’s were selected. Cyclic soaking experiments, with 
alternating wetting and drying, simulate the accelerated weathering. Physicochemical 
changes at macroscopic and microscopic levels were monitored that include 
qualitative and quantitative assessments of the acid rain-induced surface 
transformations. The stones were analyzed before and after weathering with a range 
of analytical techniques comprising polarized light and fluorescence microscopy, 
X-ray diffraction (XRD), quantitative evaluation of minerals by scanning electron 
microscopy (QEMSCAN), scanning electron microscopy with X-ray microanalysis 
(SEM-EDS), 3D microscopy and micro computed tomography (micro-CT). The acidic 
solutions in the acid weathering simulations were evaporated to dryness and the 
residues investigated to shed light on the deterioration processes. Here we report the 
results of these physicochemical characterizations conducted. This study is part of the 
PRESIOUS EU project (www.presious.eu). 

 
Keywords: Multi-technique, Acid weathering, QEMSCAN, Micro-CT, SEM-EDS, 3D 
microscopy, XRD, Elefsis, Nidaros Cathedral Church, Marble, Soapstone    
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Macroscopic X-ray fluorescence (MA-XRF) analysis was introduced in 2007 with the 
principal aim of making hidden representations in oil painting visible again. The 
method is based on performing XRF analyses on a large number of positions and 
presenting the elemental abundance information as elemental maps. These maps 
show the distribution of a number of key metals, and thus that of the pigments 
employed by the artist. 
While initial experiments employed synchrotron radiation (SR), a mobile MA-XRF 
scanner was developed that allows artworks to be examined in the museum itself, 
avoiding the necessity to transport the artworks to SR facilities. It has become clear 
that MA-XRF provides information relevant for art-historians and/or for 
art-conservations.  A few concrete examples of the use of MA-XRF will be discussed, 
involving 15th and 17th C. art works by Jan van Eyck and P.P. Rubens.  
The possibility of using MA-XRF to investigate artworks other than paintings was 
examined as well. First, several illuminated manuscripts were analyzed in order to 
extract information on the pigment usage by 15th C. European artists. Second, stained 
glass windows from the 15th to the 19th were investigated. Some results of these 
studies will be presented.  
It can be concluded that MA-XRF represent a significant improvement compared to 
traditional X-ray radiography, the X-ray imaging method commonly employed for 
non-invasive examination of works of art. It also is becoming clear that its field of 
application is not limited to that of oil paintings but also extends towards illuminated 
manuscripts and stained glass windows.  

 
Keywords: X-ray fluorescence analysis, artworks, imaging, non-invasive 
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In his collection of writings ‘A Treatise on Painting’, Leonardo da Vinci proposes a 
recipe for an excellent varnish based on the cypress resin. The recipe suggests to get 
a perfect varnish by incising the cypress and mixing the exuded liquor with nut oil. The 
cypress resin is still widely used today in the art paintings and known as the sandarac 
resin. Sandarac is mainly composed of polymer fraction (around 70%) and of free 
diterpenoids.  
In order to understand the evolution of an aged varnish a good knowledge of the 
composition of fresh sanadarac is necessary.  
The chemical composition of fresh sandarac was investigated qualitatively and 
quantitatively by gas chromatography-mass spectrometry (GCMS) and compared to 
literature. Gas chromatography-mass spectrometry (GCMS) is an established 
technique for the analysis of complex mixtures, holding a prime position in analytical 
chemistry because of its combination of sensitivity, wide range of applicability and 
versatility.  
The diterpenoid compounds of the fresh resin are well separated by GC. Seven 
compounds with labdane and pimarane skeletons were identified by GCMS in fresh 
sanadarac resin. The mass spectra were interpreted and the mass spectrometric 
behavior of these diterpenoids under EI conditions was described.  
Fresh sandarac resin from different suppliers was analyzed (from Kremer, Okhra, 
Color Rare, La Marchande de Couleurs, L'Atelier Montessori, Hevea). The analysis of 
different lumps of the resins showed that the chemical composition differs from one 
lump to another, varying mainly in the relative distributions of the components.  
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Paper artworks are difficult item to deal with in a conservation treatment, due to their inherent 
fragility, their degradation processes and their multi-component composition. Moreover, past 
restoration treatments   can complicate the scenario, as the ancient paper artworks have 
been often reinforced with inappropriate lining materials like paper scraps, cardboard or 
wood, directly adhered to the original piece by means of paste or glue.  
The goal of this work is the development of innovative materials able to remove different 
contaminants from paper artworks (dust, cellulose degradation by-product and adhesive 
residues) in an “one step”, simple and not invasive treatment. The materials, based on 
biocompatible hydrogels, overcome many of the problems usually found by conservators 
during the cleaning of paper supports. Moreover, a suitable electrochemical tool, coupled 
with the gel has been developed to monitor the cleaning process. More in detail, this 
proposed system is based on highly potential electrochemical biosensors, easy to prepare, 
selective for a specific analyte and therefore useful to know the cleanup extent of the gels 
used. The gel is highly efficient in removing pollutants and degradation products, and using 
biosensors it is also possible to know when the cleaning treatment will be completed. To 
assess the efficacy of our designed system, a multidisciplinary approach, combining non-
invasive spectroscopic infrared techniques together with scanning electron microscopy, 
chromatographic analysis, pH investigations and electrochemical measurements, will be 
used.  
 
 
Keywords: paper artworks, diagnostic tool, HPLC, IR 
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Oils used in historical painting are natural drying oils, like linseed, walnut or poppy 
seed oils. Their main components are triglycerides, which are esters of a mixture of 
saturated and polyunsaturated fatty acids responsible for air-drying properties1. The 
drying of linseed oil is a chemical process, taking place spontaneously when exposed 
to the air, generally considered to be due to a process of autoxidation followed by 
polymerization. To fasten the curing process, the use of metallic driers appeared to 
have yielded successful results, for which it became a common practice among 
painters that remains up to date. The addition of a lead compound in the preparation 
of drying oils has been commonly used since the Renaissance period, as reported in 
numerous recipes. However as lead compounds are no longer used as siccatives in 
industry, their action and properties have not been investigated thoroughly. 
We investigated here the evolution of the composition of linseed oil films through 
quantitative Gas Chromatography Mass Spectrometry (GC-MS) study. Linseed oil 
films were prepared with and without addition of PbO, according to old recipes. Their 
composition were analysed and compared along 2 years, focusing on the first days 
when most of reactions occurs. The lead siccative was found not to modify drastically 
the general drying mechanism but fasten the curing process by promoting both the 
oxidative process and the extent of cross linking. 
 
1. Berg J.D.J. van den, Analytical chemical studies on traditional linseed oil paints, 
thesis, University of Amsterdam, 291 p, 2002 

 
Keywords: GC-MS, drying, linseed oil 
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The Second Iron Age, in a certain area of the Iberian Peninsula, is characterized by 
the proliferation of a type of sculptures, as bulls or boars, which are commonly known 
as "Verracos". “Verraco” is a zoomorphic sculpture of granite (scarcely of limestone or 
sandstone) with different functionalities and geographically distributed across the 
Western of the Iberian Peninsula, mainly in the provinces of Cáceres, Salamanca, 
Zamora, Ávila, Toledo and Segovia, and in certain regions of Eastern Portugal. This is 
a unique and exclusive testimony of a culture that spread over a wide area of Western 
Plateau of Iberian Peninsula and was identified by classic writers as a Celtic people 
known as “Vettones”.  
The purpose of these sculptures has been, for centuries, the subject of various 
interpretations. At first, “Verracos” played a bounding function of agricultural 
resources, serving as cairns and their presence delimited ownership of such territories, 
but with the arrival of Roman people, these sculptures acquired another dimension as 
funerary monuments being smaller, less naturalistic and more schematic. 
A chemical and mineralogical characterization of 106 “verraco” samples found in 
different Spanish archaeological sites were performed. Multivariate statistical analysis 
was used to establish correlations between variables and to deduce factors which 
allow the gathering of samples in groups as a function of their composition. The results 
of these analyses allow the comparison among pieces and the establishment of 
conclusions about several aspects of their manufacture, the origin of the raw materials 
and the provenance. They provide information supporting certain archaeological 
hypothesis. 
 
 
 
 
 
 
Keywords: Archaeometric analysis, Animal sculptures, Late Iron Age, “Verracos”, “Vettones”. 
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The Earth Sciences Museum of the University of Bari Aldo Moro (Italy) disposes of an 
ample collection of amber samples. These are of unknown origin or have been 
classified as Baltic amber (succinite), Sicilian amber (simetite), amber from New 
Jersey and New Zealand. However, many samples revealed to be erroneously 
classified due to incorrect information on the labels or in the museum catalogue - also 
due to historical forgeries as is often the case of simetite - or to the exchange of 
samples that probably occurred during the displacement of the museum collection 
from the Central University Building to the Geo-environmental and Earth Sciences 
Department.  
In this study all amber samples were systematically investigated with long and short 
wave UV rays, Fourier transform infrared (FTIR) spectroscopy and pyrolysis/gas 
chromatography-mass spectrometry (Py/GC-MS) using on-line thermally assisted 
hydrolysis methylation and silylation. The combined use of these analytical 
techniques allowed for a complete characterisation of the ambers.  
The compositional data could then be used for a correct classification and better 
valorisation of the amber samples of the museum collection. 

 
Keywords: amber, FTIR spectroscopy, Py/GC-MS 
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The traditional East Asian handmade papers are manufactured by passing a fiber 
suspension through a screen resulting in forming a mat of intertwining fibers. The 
fibers selected for the manufacturing of East Asian paper vary chronologically and 
geographically in the past, and mucilaginous additives were specifically used in the 
process of papermaking. The particularities of this papermaking process may help for 
the identification of ancient paper artefacts. 
The fibers in papers are usually identified under the microscope by examination of 
characteristic morphological features. Because identification can be difficult, it is 
proposed to introduce the use of pyrolysis coupled to GC/MS for exploring the 
chemical signature of materials used in traditional East Asian handmade papermaking. 
A new method is developed to characterize chemical markers of these papers. The 
novelty of the approach lies in the targeting of fibers and mucilaginous compounds 
that come specifically in the final composition of the papers. 
Analysis was conducted on reference papers samples made from 4 types of plants 
(kozo, mitsumata, gampi and bamboo) traditionally prepared, varying the fiber cooking 
processes and the mucilaginous additives origin. It was demonstrated that the 
presence of specific triterpenoid chemicals can be correlated to the composition of the 
fibers. The method was successfully applied for the identification of museum artefacts. 
Moreover, more detailed fingerprints of the samples are expected from the ongoing 
pyrolysis-GCxGC/MS analysis conducted on these samples; these results will be 
presented as a further development of the method. 
 
(max. 250 words) 
Keywords: East Asian paper, pyrolysis, gas chromatography, mass spectrometry, triterpenes, 
Cultural heritage 
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Flavin-containing monooxygenase (FMO) is a multi-gene family of microsomal 
enzymes which play a role in phase 1 metabolism by catalyzing the oxidation of 
xenobiotics in order to facilitate excretion of these compounds from living organisms. 
At the moment, there are 6 known human FMO enzymes and they are distributed 
throughout the body in different organs. A number of antipsychotics, such as 
chlorpromazine and olanzapine, are known substrates of FMO. Since the brain is the 
tissue of interest for antipsychotics, an accurate assessment of the N-oxidation of 
these two antipsychotics in vivo, both in the liver and in the brain, is of primordial 
importance to determine how much of the parent drug actually reaches the brain. We 
developed a sensitive capillary-LC-UV method for the simultaneous separation and 
quantification of olanzapine, chlorpromazine and their N-oxides in rat microdialysis 
and rat plasma samples. Because only very low sample volumes are available (< 30 
µl), sensitivity was increased by choosing an appropriate column diameter and 
injection volume. Plasma samples were analyzed after a simple, one-step protein 
precipitation clean-up. Microdialysis samples did not have to be pre-treated, since 
they are free of proteins, enabling direct injection of the samples into the 
capillary-LC-UV system. Lower limits of quantification (LLOQ) were 9.4 and 11.0 
ng/mL for chlorpromazine and its N-oxide and 13.6 and 23.8 ng/mL for olanzapine and 
its N-oxide. The validated method was successfully applied on intraperitoneal  
microdialysis rat samples and plasma rat samples.  

 
Keywords: capillary LC-UV, FMO, N-oxidation, antipsychotics  

P059

241 sur 745



 
 

LC/MS ASSAY TO SEARCH FOR NEW TRANSGLYCOSYLATION INHIBITORS 

 
Erwin Adams, Bart Blanchaert and Ann Van Schepdael 
 
KU Leuven, Faculty of Pharmaceutical Sciences, Pharmaceutical Analysis, Herestraat 49, O&N2, B-3000 
Leuven, Belgium 

 
Bacterial peptidoglycan is assembled from Lipid II in a two-step extracellular reaction: 
a transglycosylation followed by a transpeptidation step. Both reactions are catalyzed 
by enzymes like ‘Penicillin Binding Proteins’ (PBPs) and monofunctional glycosyl 
transferases (MGT). 
The goal of this research was the development of an assay for transglycosylation 
using unlabeled Lipid II as substrate. Since this molecule does not contain a 
UV-chromophore or a fluorescent group, a mass spectrometer was used for detection. 
Potential transglycosylation inhibitors can be tested in this assay.  
In a first stage, an LC/MS method was developed and validated. Recombinant PBP2, 
cloned from S. aureus, was produced in E. coli. Activity of the enzyme was evaluated 
by incubation with Lipid II in 100 µl of a mixture containing 35% DMSO and 0.04% 
TX-100, 50 mM MES buffer (pH 6.0) and 10 mM CaCl2. Reactions were stopped by 
addition of 100 µl acetonitrile. Three vials were incubated simultaneously: an active 
sample, one supplemented with 10 µM vancomycin and an inactivated control. A 
substantial decrease in Lipid II concentration in the active sample was observed and 
interpreted as an indication of enzyme activity. Also the undecaprenyl diphosphate 
anchor that is released during transglycosylation, has been identified using mass 
spectrometry as an extra confirmation of transglycosylation activity. Ion suppression 
due to matrix effects in LC/MS was evaluated by post extraction addition. Various 
protein precipitation techniques in sample preparation were compared and the assay 
was validated.  

 
Keywords: LC/MS, transglycosylation inhibitors 
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The demand for a better understanding of the blood-brain barrier functionality and 
permeability is a great challenge. Although several models are currently available for 
the measurement of drug uptake in the brain, none of these are generally adopted in 
the pharmaceutical industry due to their various disadvantages. Zebrafish (Danio rerio) 
possess a high genetic, physiologic and pharmacologic homology to humans as well 
as high fecundity and small size allowing to perform fast and cheap high throughput 
screening.  
First, an HPLC-UV method allowing baseline separation of 25 pharmaceuticals 
(displaying a large variety in physicochemical properties) was developed. 
Subsequently, the method was transferred to ultra high performance liquid 
chromatography (UHPLC-UV) by scaling adequately all chromatographic parameters. 
It was demonstrated that the UHPLC method resulted in a more than three times faster 
separation and a three times higher sensitivity than the HPLC method. 
The developed UHPLC-UV method was applied for compound determination in 
zebrafish samples. Therefore an appropriate sample preparation procedure based on 
protein precipitation was developed to extract pharmaceutical compounds from 
zebrafish. Using an internal standard, recovery rates in the range of 70 - 100% were 
obtained. Maximum tolerated concentrations of the drugs were determined to avoid 
intoxication of D. rerio during the incubation experiments. To obtain exact 
measurements of the drug uptake in the brain, the head of the fish was removed from 
the body using a surgical knife and a strategy was elaborated to remove blood from the 
head before protein precipitation. 

 
Keywords: Blood-brain barrier, zebrafish, UHPLC-UV  
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Nitric oxide (NO) is known to be implicated in various renal diseases induced by lead 
poisoning and recent works have shown the effect of some antioxidants in reducing 
the toxic effects of lead. Melatonin is attractive for its direct and indirect antioxidant 
effects; furthermore it is naturally produced in mammalians, including humans. 
Recently, it has been shown that melatonin attenuates the toxic effects of sub-acute 
lead intoxication in kidneys without altering NO metabolites concentration. This work 
demonstrates the use of nickel tetrasulfonated phthalocyanine/polyphenol-modified 
ultramicroelectrodes to monitor in vivo and in situ changes of NO within rat kidneys. 
NO itself was detected directly and in real-time inside the kidney of lead and melatonin 
treated rats after induction by L-arginine. The results indicate that NO production 
decreases in lead treated rats, likewise in co-treated with melatonin rats. In addition, 
melatonin administration did not affect the production of NO respect to the control. By 
means of these experiments was verified that melatonin does not alter NO production 
in kidneys during sub-acute lead intoxication.  

 
Keywords: Lead, kidney, melatonin, ultramicroelectrodes, NO-sensor, in vivo. 
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Search for organics and evidence of life in the universe is mainly performed by gas 
chromatography mass spectrometry. However, promising technologies based on in 
situ microfluidic or liquid chromatographic (LC) systems could widen the scope of 
organic targets (peptides, DNA and RNA bases).  
Even if remarkable improvements in hyphenated methods (e.g. LC*LC) have 
increased sensibility and reproducibility, the development of an accurate approach of 
quantitation of proteins and peptides in complex environmental systems is still one of 
the most challenging areas of proteomics that could alternately further help in situ 
exobiological studies. This approach combined with a large volume injection strategy 
should bring extra information in one run on a whole sample. 
The aim of this work was to develop an on-line multidimensional approach able to 
pre-concentrate and analyse in one pot the greatest possible diversity of extra-
terrestrial biomarkers via a LC-MS system. Being the first part of development of a 
micro-sized LC for space exploration (work under CNES authority), this generic pre-
concentration unit must retain a wide range of compounds present at nanomolar or 
picomolar levels. Combined with a Q-Orbitrap HRMS that allows a comprehensive 
assessment of the data obtained, several analytical parameters were assessed to 
attain the best trapping efficacy. The performance of the optimised system was then 
discussed in terms of sensitivity, reproducibility, linearity and flexibility. 

 
Keywords: Biomarkers - on-line pre-concentration - micro-sized LC - mass spectrometry. 
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MALDI-MS molecular imaging on thin cryo-sections of mouse brains (10 µm 
thickness) allows detecting simultaneously numerous compounds, among which 
lipids are in first rank. This methodology may thus become a key experimental 
approach to address issues concerning the role of the path of the planar polarity in 
brain development and its implications in pathologies associated such as autism. 
 
In order to obtain representative images of the lipids present in various brain 
structures, we have evaluated different parameters: 

- the washing of cryo-sections with various solvents and buffer solutions, in 
order to carry out selective extractions of lipid classes or to simplify mass 
spectra. 

- the specificity of positive and negative ionization modes according to the 
analyzed lipids. 

- the effect of spatial resolution on the accuracy of the lipids location in the 
different structures of the brain. 

 
The potential effects of the relocation of the analyzed lipids were evaluated for each 
washing. This study was performed using a nebulization robot (ImagePrep, Bruker) 
and a MALDI-TOF / TOF mass spectrometer (Ultraflex III, Bruker). 
 
After selection of optimal parameters, brain images from healthy mice versus mice 
with disorders of the autism spectrum were compared. The negative ion mode 
allowed identifying sulfatides and phosphoinositols, whereas phosphocholines were 
observed in the positive ion mode. 
 

 
Keywords : Imaging mass spectrometry ; mouse brain ; lipids ; autism 
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Intracellular pH plays a pivotal role in cellular processes and is highly regulated in 
every organelle. The structural stability and function of proteins are tightly associated 
with pH. Furthermore, cell cycle progression and programmed cell death have both 
been linked to changes in intracellular pH. Probing intracellular pH usually requires 
exogenous agents, such as fluorescent probes1 or Raman sensitive probes2. 
We have developed a new type of exogenous probe, based on Proton Caged 
Compounds (PCCs), which releases protons upon UV irradiation. In particular, we 
have purposely designed and synthesized a long alkyl-chained PCC, the  
1-(2-nitrophenyl)- ethylhexadecyl sulfonate (HDNS), and probed it on 3T3-NIH cells, 
via infrared spectroscopy3. The light-induced pH variation may easily be monitored by 
infrared spectroscopy, since the release of protons acts on the equilibrium of the 
intracellular HCO3- . The generated H2CO3 decomposes yielding H2O and CO2, which 
has a characteristic signal in a clear region of the cellular infrared spectrum. Here, we 
report on a different mechanism of protonation for long-incubation of HDNS on 
3T3-NIH cells as probe of the intracellular acidification. When the PCC is doses for 
more than 3 hours, the accumulation into the cells leads to a protonation of 
intracellular carboxylic groups upon irradiation, which is still a fingerprint of the 
acidification process and a probe of the intracellular pH. 

 
Keywords: Proton Caged Compounds, pH monitoring, Intracellular Acidification 
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Dietary polyphenols have been reported to be of potential therapeutic benefit in the 
treatment and/or prevention of several degenerative diseases including cancers. At 
present, the emerging Foodomics field and its omics tools are expected to play a 
crucial role in the investigation of the interactions between nutrients or bioactive food 
compounds and genes. In this work, a proteomics strategy has been applied to study 
the antiproliferative effect of dietary polyphenols from rosemary on two human 
leukemia lines, one showing a drug-sensitive phenotype (K562), and another 
exhibiting a drug-resistant phenotype (K562/R). After cell treatment with a rosemary 
extract rich in polyphenols (mainly carnosol and carnosic acid), two-dimensional gel 
electrophoresis was carried out, and differentially expressed protein spots were 
selected and analyzed with MALDI-TOF/TOF MS. The results revealed that the 
studied rosemary extract rich in polyphenols induced the down regulation of adenine 
phosphoribosyl transferase and annexin A1 in K562/R cell lines and tubulin alpha-1C 
chain in K562 cell lines. According to the expression proteomics results in this study, it 
could be concluded that the rosemary polyphenols shows in vitro antiproliferative 
activity in K562 and K562/R leukemia cell lines. 
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Thiol containing antioxidants are rapidly used in many consumer products like food 
packing, cosmetics for the better routine and safety of the products. Thiol containing 
Antioxidant functionalized gold nanoparticles (GNPs) were synthesized by ligand 
exchange process. In the current study, we have investigated the effect of Au-S 
interaction on the radical scavenging activity of thiol-containing antioxidants, such as 
reduced glutathione (GSH), L-cysteine (L-Cys), and thioctic acid (TA). Interactions 
between GNPs and thiolated antioxidants have been characterized through UV- 
visible spectroscopy, Fourier Transform Infrared (FTIR) analysis and Transmission 
Electron Microscopy (TEM). FT-IR spectra of thiol stabilized GNPs shows the 
absence of –SH stretching vibration, which indicates successful deprotonation and 
coordination of –SH groups with GNPs. The scavenging efficacy of thiolated 
antioxidants and their corresponding thiol capped GNPs have been investigated 
using 1,1-diphenyl 2-picryl hydrazil (DPPH) radical, nitric oxide (NO) radical and 
hydroxyl (OH) radical scavenging spectrophotometric assay. We observed direct 
quenching of the 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), where L-Cys shows 
better antioxidant activity than GSH and TA in its  free form rather than this 
nanoparticle conjugates, GSH shows better activity compared to L-Cys and TA. 

 
Keywords: Thiolated Antioxidants, Scavenging efficacy, Gold Nanoparticles.  
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Quantum dots (QDs) became a convenient tool in bioimaging thanks to their tunability 
in terms of core composition, size as well as surface modification. The possibility to 
stabilize the nanostructures using various ligands with carboxylic, amino or hydroxyl 
functionalities allows to control the surface charge and hydrodynamic diameter in 
aqueous medium. Moreover, surface functionalization of QDs may significantly affect 
their interaction with cell membranes, which can facilitate their penetration and 
accumulation in cells. Such approach can contribute to QDs application in bioimaging 
for biology and medical diagnostics. 
In the framework of presented studies CdSeS/ZnS quantum dots were transferred to 
nonorganic phase and stabilized with glucose derivative. As a results of surface 
modification QDs of excellent optical properties were obtained. Then biological activity 
of nanocrystals in question was evaluated. Tests were performed on selected human 
cell lines: A549 (human lung carcinoma cell line), MRC-5 (human fetal lung fibroblast 
cells) and MCF-7 (breast adenocarcinoma). The study aimed at the comparison of the 
cytotoxicity of QDs on various cell lines (normal and tumor). MTT test was used to 
evaluate the viability of cells after 24-hours incubation with modified nanomaterial. 
Moreover, the morphological changes and accumulation of QDs were observed using 
microscopic techniques.  
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In the cell membrane, reaction of phosphatidylcholine with ethanol catalysed by 
phospholipase D leads to the formation of phosphatidylethanol (PEth), a group of 
abnormal phospholipids. PEth has been shown to be a reliable marker for long-term 
alcohol abuse. However, one reason for the limited use of PEth in clinical laboratories 
is the analytical methods employed for extraction. This study compares the 
performance of polymer based solid-phase extraction (SPE) materials with a method 
based on supported liquid extraction (SLE) for the extraction of PEth from human 
plasma prior to HPLC-MS/MS analysis. First, a screening of thirteen different SPE 
materials is carried out, and second, based on the outcome of this screening, a series 
of the most promising materials are evaluated at lower concentrations and in a 
complex matrix. Preliminary results have led to the identification of suitable SPE 
materials to perform sample clean-up and PEth extraction with high recovery. 
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Environmental pollution is associated with adverse health effects, including cancer, 
cardiovascular and respiratory diseases. Several classes of environmental chemicals, 
including metals, particulate matter, polycyclic aromatic hydrocarbons, volatile organic 
compounds and endocrine disrupters are shown to modify gene promoter methylation 
marks. Moreover, oxidative stress in response to environmental exposure was 
suggested as one of the underlying mechanisms that disrupt genomic methylation 
signatures. Yet, the mechanisms by which environmental exposure induces 
epigenetic alterations are still unclear. In this context, a comprehensive method based 
on ultra-performance hydrophilic interaction liquid chromatography coupled with 
tandem mass spectrometry was developed and optimized for the characterization of 
methylation / demethylation chain and oxidative damage in genomic DNA samples. 
Simultaneous determination of 2’-deoxycytidine, 5-methyl-2’-deoxycytidine, 
5-hydroxymethyl-2´-deoxycytidine, 5-formyl-2´-deoxy-cytidine, 5-carboxy-2´-deoxy- 
cytidine, 2’-deoxy-guanosine, 8-oxo-7,8-dihydroguanine, 8-oxo-7,8-dihydro-2'-deoxy- 
guanosine was achieved. Briefly, isolated DNA (1μg) was enzymatically hydrolyzed, 
resuspended in acetonitrile / water (90/10, v/v), injected (20µL) on a HILIC column 
(Phenomenex® Kinetex 2.6μm, 50mm x 4.6mm) and separated using a mixture of 
20mM ammonium format buffer pH3 and acetonitrile (flow rate: 0.4 mL/min, 
temperatue: 60°C). The compounds were determined using electrospray ionization in 
positive mode and multiple reactions monitoring with argon as collision gas. The 
method was validated following several performance criteria: linearity, lower limits of 
detection and quantification, specificity, analytical precision, accuracy and robustness. 
Furthermore, method suitability was evaluated using various biological samples of cell 
lines (THP-1, human monocytic cells; and 16HBE, human bronchial epithelial cells), 
mouse (kidney, brain, heart, lung, liver, spleen, and blood), and human (maternal and 
cord blood).  
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Metabolomics has demonstrated great potential for the study of pathological 
mechanisms occurring in brain using human and animal models. The development of 
a new comprehensive analytical technique capable of analyzing and measuring vast 
number of endogenous metabolites with a wide range of concentrations and 
physiochemical properties lends itself to be excellent tool in metabolomics discovery 
and screening; however the downside to increasing metabolite coverage will be a 
significant increase in the amount of tissue required. Due to this fact the aim of this 
work is to develop and validate a simple economical in-vial dual extraction(IVDE) 
method using combination of 4LC-MS & 2GC-MS methods using just 3mg of tissue. 
Firstly, we performed untargeted metabolic screening method using UPLC q-TOF 
MS/MS with reversed phase and hydrophilic liquid interaction chromatography (HILIC) 
which was validated in term of assessing the effect of the IVDE, LCMS, 
homogenization process, and sample mass on method performance and precision. 
The second part involves injecting the amount left over of the aqueous and 
non-aqueous phase after LCMS analysis into GCMS-QP 2010 SE, following GC-MS 
method development in term of impact of sample volume, derivatizing agent volume 
ratio, injection volume and reconstitution volume on the method performance. Key 
developments in both LC-MS and GC-MS method described enabled the reduction in 
analytical variation, whilst permitting the increase in molecular coverage. The 
comprehensive LCMS and GCMS method performed were effectively capable of 
measuring over 20,000 metabolite features including glycerophospholipids, 
sphingolipids and glycerolipids, amino acids, sugars and purine bases, amino, sterols, 
organic acids, phosphates and sugar alcohols requiring only 3mg of tissue material.  
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 Proteins constitute the major source of nitrogen in soil organic matter [1]. Overall, 
about 70-80 % of the total organic nitrogen (0.4 - 20.4 g.kg-1) are in the form of amino 
acids and proteins [2].  

Metaproteomic is a new area within the ‘omics’ science which aims at identifying and 
characterizing the proteins expressed within an ecosystem. This science employs 
several technical methods to achieve its aims. Mass spectrometry (MS) has become 
the method of choice for analysis of complex protein samples [3]. This approach has 
been applied to different matrices (e.g. soil, blood, plant) for (i) bioremediation, (ii) 
health, or (iii) bioenergy applications.  

Due to the structural complexity of soil system, soil metaproteomic is still in its 
infancy. In fact, whatever the extraction / purification protocols developed, very low 
efficiencies were obtained (from 1 to 6.8 % protein yield) [4] [5].  

In this line, this work aims at improving the experimental approach for efficient 
extraction and purification of proteins. First, we have investigated the purification 
efficiency of precipitation agents. Then, we have studied several buffers in order to 
enhance the solubilisation of protein pellet. Finally, we have developed a reliable 
method enabling both an exhaustive screening of proteins and a sensitive 
quantification of targeted protein biomarkers using Liquid Chromatography coupled to 
a Q-Exactive mass spectrometer (LC-HRMSMS). The resulting improved extraction 
yield will be compared to the one evaluated by current acid hydrolysis followed by 
quantification of individual amino acids by gas chromatography-mass spectrometry 
(GC-MS).  

 
Key Words: proteins, metaproteomic, biomarkers, analytical development, purification, 
LC-HRMSMS, GC-MS. 
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Retinoblastoma is an eye cancer that mainly affects children.  It could be treated by 
photodynamic therapy, which is based on the intravenous injection of photosensitizers 
like porphyrins, and subsequent illumination of the tumor. It has been demonstrated 
recently that some porphyrins are translocated passively into cancerous cells 
(unpublished work). Thus, it becomes interesting to investigate porphyrins interaction 
with cell membrane lipids, an interaction that highly depends on membrane lipid 
composition.  
Our current work aims at determining the lipid composition of plasma and mitochondrial 
membranes of the retinoblastoma cell line Y79, and comparing it to the  human retinal 
cell line ARPE-19. Our approach consists in lipid extraction from mitochondria and 
plasma membranes following cell fractionation. We have analyzed the lipid extracts by 
liquid chromatography coupled to high-resolution mass spectrometry. Lipids were 
separated on a PVA-Sil® column and detected by a Corona-CAD®, that was used for 
quantitative evaluation of the major classes of lipid metabolites. The mass 
spectrometer is equipped with a linear ion trap for fragmentation at low resolution and 
an Orbitrap® for high-resolution detection. This allowed the identification, and the 
qualitative determination of the different polar and non-polar lipid species. Detailed 
analysis of lipid species appeared to be challenging due to their structural diversity. 
The results of the lipidomic analysis were used to build artificial lipid monolayers with 
compositions that imitate the plasma and mitochondrial membranes. The visco-elastic 
properties of these monolayers were determined by surface pressure measurements 
using a Langmuir trough, and compared to those of the lipid extracts. 
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Carbamide peroxide (CP) in the dental applications, it is used as a source of hydrogen 
peroxide (H2O2) for tooth whitening. The H2O2 released from CP gel penetrates in 
enamel and it acts through oxidation of the organic compounds, generating lighter 
products. Two works were performed with 3 commercial samples of bleaching gels 
containing 10, 16 and 22% of CP: (1) spectrophotometric determination of CP (as 
H2O2) and (2) the effect of bleaching agents on the strains of Streptococcus mutans 
ATCC 25175 and Lactobacillus rhamnosus ATCC 9595. The method for determination 
of CP is based on selective oxidation of H2O2 using a flow injection analysis (FIA) and 
an on-line tubular reactor containing peroxidase immobilized on Amberlite IRA-743 
resin. The H2O2 in presence of phenol, 4-aminoantipyrine and peroxidase produces 
an antipirylquinonimine (λmax=510nm). The linear dynamic range for H2O2 extends 
from 1.8-90 µmolL-1 (r<0.9947) and the detection limit of the method was 0.43 µmolL-1. 
The reproducibility of the method showed a RSD<6.7%. FIA conditions: flow rate 0.9 
mL min-1, 180 µL injecting sampling volumes and analytical frequency of the 54 
injections h-1 was achieved. The amounts of CP e H2O2 were in agreement with the 
labels and the recoveries tests obtained for H2O2 from 92-105%. The antibacterial 
activity was performed by microdilution. The concentrations of gels ranged from 
1-0.002% and the positive control was 0.05% chlorhexidine digluconate. The 
minimum inhibitory concentration (MIC) ranged from 0.0625-0.125% for S.mutans and 
0.125-0.5% for L.rhamnosus. The minimum bactericidal concentration (MBC) ranged 
from 0.125-0.5% for both microorganisms 
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Myocardial infarction (MI), a leading cause of death worldwide, results from prolonged 
myocardial ischemia with necrosis of myocytes due to a blood supply obstruction to 
an area of the heart. Many studies have reported gender-related differences in the 
clinical features of MI, but the reasons for these differences remain unclear. In this 
study, we applied ultra-performance liquid chromatography/quadrupole time-of-flight 
mass spectrometry (UPLC/Q-TOF MS) and various statistical methods—such as 
multivariate, pathway and correlation analyses—to identify gender-specific metabolic 
patterns in aqueous metabolites in serum from healthy individuals and patients with 
MI. Patients with diagnosed MI (n=68), and age- and body mass index-matched 
healthy individuals (n=68) were included in this study. The othogonal partial 
least-squares discriminant analysis model was generated from metabolic profiling 
data, and the score plots showed a significant gender-related difference in patients 
with MI. Many pathways were associated with amino acids and purines; amino acids, 
acylcarnitines and purines differed significantly between male and female patients 
with MI. This study demonstrated that serum metabolite profiling using UPLC/Q-TOF 
MS and various statistical approaches provide specific information regarding gender 
differences in patients with MI. Therefore, this approach could be utilized to observe 
gender-specific metabolic pattern differences between healthy controls and patients 
with MI. 
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The knowledge of DNA electron transfer properties leads to understanding the 
self-repair mechanisms that will help in fighting the genetically-conditioned illnesses. 
We apply ab initio electron propagator theory for molecular junctions to calculate 
transverse electrical conductance (g) and current-voltage characteristics of DNA 
single nucleotide junctions (nucleotides sandwiched between Ag clusters) and 
complementary nucleotide pair junctions (guanine-cytosine pair and adenine-thymine 
pair sandwiched between Ag clusters) as well as electron transfer rate through these 
complexes 
The calculations using the Gaussian-assisted reveal that all four DNA nucleotides 
differ in their electron transfer capabilities. We also found that two complementary 
nucleotide pairs drastically differ in electrical current magnitudes: picoamperes for 
adenine-thymine junction vs. nanoamperes for guanine-cytosine junction. This 
discovery is grounded in the fact of electron conduction ability difference of individual 
nucleotides. Serendipitously, the calculated current values corroborate the fact of the 
adenine-thymine pair playing the role of potential barrier for the charge carriers in the 
longitudinal DNA conduction, while the guanine-cytosine pair serves as the 
conduction site. 
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The electrical conductance and current through DNA nucleobases (guanine [G], 
cytosine [C], adenine [A] and thymine [T]) inserted into a model 10-nm Ag-Ag 
nanogap are calculated using ab initio electron propagator theory. The magnitudes of 
the calculated conductance and current are ordered in the following hierarchies: gA > 
gG > gC > gT and IG > IA > IT > IC correspondingly. The difference in current magnitudes 
implies the possibility of nucleobases electrical identification by virtue of DNA 
translocation through an electrodes-equipped nanopore. The new distinguishing 
parameter for the nucleobase identification is proposed, namely, the onset bias 
magnitude. Nucleobases exhibit the following hierarchy with respect to this parameter: 
Von(A) < Von(G) < Von(T) < Von(C). 
 
A.A. Kletsov, A.S. Chumakov, E.G. Glukhovskoy, and J.V. Ortiz, Ab initio electron 
propagator theory calculation of transverse conductance and current through DNA 
nucleotide bases and its implications for third generation sequencing (submitted to 
Journal of the American Chemical Society). 
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Podoplanin (PDP) is a mucin – type transmembrane protein expressed in numerous 
tissues during ontogeny and in adults animals, including the brain, heart, kidney, 
osteoblasts and lymphoid organs. 
 Quantifying of podoplanin concentration and its juxtaposition with various 
clinicopathological parameters may be useful for more accurate predictions and 
identifying high-risk patients. Thereby the optimal time of radical treatment may be 
indicated. 
The present study included 82 patients with bladder cancer confirmed by 
transurethral resection or cystectomy and 27 healthy volunteers. The Surface 
Plasmon Resonance Imaging biosensor was applied for the detection of podoplanin 
in the serum and urine samples. Significant differences in serum and urine 
podoplanin concentration levels were observed between bladder cancer patients 
(mean value 6.41±2.50 ng/ml) and healthy subjects (mean value 3.09±0.84 ng/ml). In 
urine podoplanin concentration for bladder cancer patients was 0.64±0.29 ng/ml and 
0.47±0.08 ng/ml for healthy donors. For urine samples there are no visible clear 
differences between these two groups. 
The statistically significant higher values of PDP were detected in serum of patients 
with invasive, more aggressive, larger, multifocal tumors. In contrary, there were 
almost no differences in urine PDP concentrations between bladder cancer patients 
and healthy volunteers. 
The association between podoplanin concentration and clinicopathological features 
indicates that it might be useful while making therapeutic decisions. In this study 
some cut off values (using ROC curve) were calculated , although further studies on 
a greater number of patients should be performed to confirm the role of podoplanin 
as the clinically applicable marker. 
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The human cystatin C is a protein (13.3 kDa) composed of 120 amino acid. It 
plays mainly protective functions as an inhibitor of cysteine proteases (cathepsins), 
which are related to the processes of inflammatory and cancer.  

Cystatin C concentration in body fluids depends only on the glomerular filtration 
rate, which makes cystatin C a good indicator of renal function and bladder cancer. 
Determination of cystatin C concentration in the diagnosis and monitoring of cancer is 
very useful, because the ability to metastasis is accompanied by an increased activity 
of cysteine peptidases.  

Study was conducted for 74 patients with bladder cancer and 27 healthy people 
at the age of 36 to 96. Cystatin C concentration in plasma and urine was tested by 
Surface Plasmon Resonance Imaging technique. The SPRI biosensors were based 
on the interaction between papain and cystatin C.  

Cystatin C level in plasma taken from patients with bladder cancer is in range of 
0.35±0.02 µg/ml, whereas in healthy donors it is much higher (in the range of 
0.68±0.05 µg/ml). The urinary cystatin C in patients is in range of 0.19±0.01 µg/ml, 
whereas in healthy donors it is in range of 0.24±0.02 μg/ml.  

In this study some cut off values were calculated (using ROC curve), although 
further studies on greater number of patients should be performed to confirm the role 
of cystatin C as the clinically applicable marker. 

Keywords: Cystatin C, SPRI, bladder cancer, cancer diagnosis. 
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Phospholipids (PLs) are one of the main components of cell membranes and are widely 
represented in the animal and plant world. PLs have an amphiphilic character due to the 
presence of a hydrophilic polar head connected to a phosphate group (e.g. choline) and two 
hydrophobic fatty acid chains. Cell membranes or organelles are made by the self-assembly of 
PLs (mainly under bilayer form) with embedded proteins and sugars. It is a selective barrier 
between the inside and the outside of the cell or cell organelles and is also the site of many 
exchanges and cellular processes. Understanding membrane structure and function is bound to 
the precise determination of their lipid composition. PLs are also widely used in food industry. 
They serve as valuable ingredients because of their technological properties (e.g., emulsifiers) 
and are also well known for their nutritional properties. Chromatographic techniques and mass 
spectrometry are often used for the analysis of phospholipids. However, they often require 
sample preparation prior to analysis (e.g., chemical derivatives). At converse, liquid-state 
nuclear magnetic resonance spectrometry (NMR) of phosphorus is a powerful non-invasive 
technique for the analysis of complex matrices without sample modification. Because the 
natural isotopic abundance of phosphorus is 100% the method is sensitive and phospholipids 
can be sorted out according to the chemical shift signature characterizing phosphorus-
containing head groups. We describe herein the quick and easy use of 31P-NMR to establish the 
phospholipid composition of lipids extracted from envelopes of Hepatitis B sub-viral particles 
and from membranes of Escherichia Coli bacteria. The method involves dissolution of lipids in 
CDCl3/MeOD/EDTA and addition of TPP (triphenyl phosphate) as an internal standard 
enabling absolute quantification. The method has also been successfully applied to measure the 
phospholipid composition of food products such as Scallops and Camelina by-products after 
supercritical fluid extraction. 
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Monocyte chemoattractant protein-1 (MCP-1) is a pro-inflammatory cytokine whose 
main function is to regulate cell trafficking and it is correlated with the incidence of 
cardiovascular diseases, obesity and bacterial infections. We proposed four 
stochastic microsensors based on graphene paste and diamond paste for the 
screening of whole blood samples for MCP-1 in a concentration range from 10-18 to 
10-6 g/mL. This method was used for both qualitative and quantitative assessments of 
MCP-1 in whole blood samples. The lowest determination limit for MCP-1 (1 pg/mL) 
was reached when the microsensors based on PIX/Graphene-Au-3 and on 
MD/Graphene were employed. 
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Cyclosporine A is an immunosuppressive drug used to prevent the suppression of 
immune reaction following organ transplantations. Local delivery via biocompatible 
nanofibers with incorporated cyclosporine A can potentially reduce a number of 
dose-dependent side effects of cyclosporine A. 
Nanofibers were prepared by needle-less electrospinning and contained different 
concentration of cyclosporine A (1, 2.5, 5, 10 % w/w) and poly(ethylene glycol) 
molecules of various molecular weight as a hydrophilic additive. The structure of 
nanofibers was characterized by electron microscopy, mercury porosimetry and BET 
adsorption/desorption measurements. Cyclosporine A release kinetics were studied  
using optimized LC-MS/MS method based on Phenyl-Hexyl stationary phase in the 
combination with  mobile phase containing the mixture of methanol and 1mM 
ammonium acetate pH 4,5 (90/10 v/v).  
The results indicate that the release profile of cyclosporine A can be significantly 
modified by addition of poly(ethylene glycol) to the nanofibers manufacturing solution. 
Nanofibers containing poly(ethylene glycol) showed significantly improved release 
characteristics of cyclosporine A.   

 
Keywords: LC-MS/MS, cyclosporine A, drug release, local administration, needle-less 
electrospinning  
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In the present work, we have developed a novel analytical approach based on 
accurate mass GC-QTOFMS for analysis of isotopologue and isotopomer fractions of 
amino acids, organic acids, sugars and sugar phosphates in biotechnological samples 
in the context of 13C based metabolic flux analysis (13C-MFA). Prior to measurement 
with the Agilent 7200 GC-QTOFMS an automated online two-step derivatization of the 
analytes was performed via ethoxymation and trimethylsilylation. Data evaluation 
included isotope interference correction for the contribution of natural abundant 
isotopes from the derivatized groups and the native molecule itself employing an 
object-oriented software tool based on combinatorics, called “isotope correction 
toolbox“. Chemical ionization gave the protonated molecule as base peak enabling 
selective fragmentation of isotopologues and the unambiguous assignment of tandem 
mass isotopomers to the respective isotopologue. Due to the information gain when 
employing chemical ionization with consecutive collision induced dissociation, 
GC-CI-QTOFMS proved to be most valuable for the analysis of tandem mass 
isotopomer distribution of primary metabolites. It is demonstrated that the application 
of high resolution mass spectrometry is highly beneficial in terms of unambiguous 
identification of fragments, influencing the outcome of isotopomer distributions, 
especially in biological samples. 

 
Keywords: GC-CI-QTOFMS, isotopologue ratio, tandem mass isotopomer fraction, metabolic 
flux analysis 
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Proteins or peptides were an obvious choice to meet the need for calibrants during 
early mass spectrometry (MS) studies of high mass ranges because these large 
biomolecules were widely available and monodisperse. However, they typically 
exhibited poor stability, and therefore required care during storage and sample 
preparation. While traditional linear polymers within a similar mass range can be 
easily prepared with enhanced stability, they exhibit polydispersity which can 
complicate accurate mass identification. Dendrimers, however, are a class of 
synthetic macromolecules that are prepared using an iterative step-wise synthesis, 
and therefore offer high molecular weights and monodispersity in addition to chemical 
robustness. A family of polyester dendrimers have been prepared and evaluated for 
use as calibrants.  
A library of polyester dendrimers were prepared according to previously reported 
techniques with molecular weights ranging from 700 to 30000 u. MALDI-TOF-MS 
was used to characterize crude reaction mixtures to verify that each step in the 
synthesis was driven to completion, and to confirm the monodispersity of the product 
after workup. MALDI-TOF-MS sample preparation utilized 9-nitroanthracene as the 
matrix, sodium trifluoroacetate as the counter ion and tetrahydrofuran as the solvent. 
MS analysis was performed using a Bruker Autoflex III MALDI-TOF-MS. 
The dendrimer calibrants exhibited a number of attractive advantages, including 
exceptional shelf-lives, broad compatibility with a wide range of matrices and 
solvents, and evenly spaced calibration masses across the mass range examined. 
The exceptional purity of these dendrimers and the technical simplicity of this 
calibration platform validate their broad relevance for high molecular weight MS.  

 
SpheriCal, monodisperse, mass calibration, mass spectrometry  
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For accurate protein quantification experimental variations in the analytical workflow 
need to be minimized. The ideal way of optimizing the reproducibility is to add a full 
length stable isotope labeled (SIL) recombinant protein that is equivalent to the native 
target protein to the sample, at the initial stage of sample preparation. To this end, we 
have developed a stable-isotope-labeled universal monoclonal antibody (SILUMab) 
standard which contains conserved regions of IgG1 heavy chain and lambda light 
chain as well as SIL human proteins.  
 
SILUMab was expressed in CHO cells and human SIL proteins were produced in 
HEK293 cells. Both cell lines were grown in serum-free 13C615N4 Arg/13C615N2 Lys 
enriched media. The SIL proteins and SILUMab were analyzed at the intact protein 
level and after trypsin digestion. The sequence coverage and isotope incorporation 
were determined. Intact mass analysis was used to confirm the sequence of the 
protein and level of glycosylation. For quantification, SILUMab was spiked into a 
biological sample with different amounts of native mAb, and a calibration curve was 
generated.  
 
UV trace and deconvoluted MS resulting from intact mass analysis of the SILUMab 
standard  
Incorporation of SIL for a selected peptide of SILUMab  
XIC of six SILUMab peptides  
Calibration curves of three representative peptides obtained by spiking of SILUMab 
as an IS into canine plasma containing target antibody  
Incorporation of 3C615N2 Lys in DYVSQFEGSALGK from the SIAL batch and a 
commercially sourced “heavy” Apo-A1  
Binding kinetics for SIL-APOA1 and native APOA1 isolated from human serum with a 
goat polyclonal Ab. 

 
Keywords: SILUmab, stable isotope labeled antibody, stable isotope labeled proteins, mass 
spectrometry  
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Ethanol is a substance widely available on the market and its consumption is strongly 
rooted in the culture. Nevertheless, the effects of alcohol ingestion have already been 
the subject of numerous researches covering all branches of medicine, its influence 
on human metabolism in context of anti-doping analysis is still open to discuss. 
The aim of the project was to evaluate the influence of alcohol consumption on the 
concentrations of selected endogenous anabolic-androgenic steroids, namely: 
testosterone, epitestosterone, dehydroepiandrosterone, androsterone, etiocholanolone, 
5-α-androstandiol and 5-β-androstandiol. The group of 39 healthy volunteers, both men 
and female, and the population of 16 rats from Warsaw Hight Prefering lines were 
involved in this study. The human and rat urine samples were analyzed by gas 
chromatography-mass spectrometry and gas chromatography-triple quadruple mass 
spectrometry, respectively. Both quantitative methods of steroid profile have been 
validated.  
Each of volunteers ingested 2 mg of alcohol per kilogram of body mass in less than half 
an hour and the urine samples were collected for 6 days. In order to observe the 
correlation between the concentrations of steroids and remaining alcohol, the content of 
ethyl glucuronide was also investigated. The rat population had an unlimited access to 
the 10 % ethanol and water, and the urine samples were collected every 12 h for 6 
days. 
The obtained results have shown that the single ethanol ingestion can disturb the 
concentrations of selected steroids enough to result in atypical findings in anti-doping 
results. 

  
Keywords: steroid profile, ethanol, anti-doping, mass spectrometry  
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-lactam antibiotics are most widely used but the outcome of antimicrobial resistance (AMR) 

is one of the most serious public health threats. The induction of -lactamase is main 

mechanism of AMR. The resistance mostly involves the chemical modification of an 

antimicrobials to an inactive form by the released enzyme from bacteria. The modification 

causes structure change and is followed by the characteristic mass shift of the antimicrobials. 

Using this mechanism, we developed new liquid chromatography-mass spectrometry based on 

quantitative analysis to determine the amount of resistance to penicillin G, ampicillin and 

amoxicillin in Staphylococcus aureus, Escherichia coli and Salmonella typhimurium, 

respectively. This method was successfully applied to 48 bacterial isolates from the Korean 

farm. The duration to test their resistance took only for 2 hours. This developed method may 

contribute to quantitatively and qualitatively analyze the amount of AMR and can compare 

their correlation with traditionally microbiological parameter such as MIC (Minimum 

Inhibitory Concentration). 

 

Keywords :  Rapid analysis, -lactam antibiotic resistance, LC-MS/MS 
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During the last decades many epidemiologic studies have provided evidence for the 
chemoprotective effects of plant-based diets on different diseases, such as 
cardiovascular disease (CVD) and cancer. Bioactive compounds in olive leaf extracts 
have been shown to reverse chronic inflammation and oxidative stress, having a 
positive effect on a number of cardiovascular, hepatic, and metabolic symptoms, while 
mint extracts with anti-microbial and antioxidant properties also displayed positive 
effects on glycemia and lipid profile.  
In this contribution we will present the chemical compositional characterization of 
fresh olive mill waste waters (OMWW) and mint extracts with respect to low MW 
compounds and their phenolic profiling using liquid chromatography/electrospray 
ionization-mass spectrometry (LC/ESI-MS) and NMR spectroscopy to determine 
urinary and blood plasma glucuronidated and sulfated polyphenols and their 
metabolites. Subsequently, the metabolic effect of OMWW and mint extracts on 
hepatocyte HepG2 cultures will be presented (serving as an in vitro model of liver 
bio-transformation/metabolism of dietary polyphenols) by profiling culture media as a 
function of cell growth, including the effect of several metabolic inhibitors. Finally, the 
results of phenolic (LC-MS) profiling of blood plasma in a rat model of diet-induced 
obesity that included feeding at different concentrations of OMWW polyphenols will be 
discussed. 

 
Keywords: polyphenols, metabolites, biofluids, LC-ESI-MS/MS.  
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Synthesizing bionanomaterials are atttacted in recent years significantly 

because of the unique behaviours in biosensors, bioassays, nanoelectronics, drug 

delivery system and biomedical imaging. 

Ferritin, an iron storage and detoxification globular protein, is a bionanomaterial 

naturally. Ferritin composed of 24 homologous polypeptide subunits of the heavy 

chain (H-ferritin) and light chain (L-ferritin) with an eternal diameter of 12 nm and an 8 

nm diameter cavity. 

Horse radish peroxidase (HRP) is a metalloenzyme, catalyzes the oxidation by 

hydrogen peroxide. Peroxidase activities of some nanoenzymes have been improved 

such as ceria NPs, carbon NPs and Pt NPs. 

         Bionanomaterials which have multi faces and functionalities (Janus) have 

synthesized using apoferritin biomolecules embedding of metal atoms into lattice of 

this protein. These bionanostructures have obtained using photosensitive amino 

acid-monomers linkage method (ANADOLUCA). In this study, the synthesis of 

nanoapoferritins has achieved in the presence of bis (2-2’-bipyridil) MATyr-MATyr-

rutenyum (II)  photosensitive monomers by microemulsion. Then,  Cr metal have 

organised into lattices of apoferritin nanostructures and these multi functional 

structures were have characterised by transmission electron microscopy (TEM). 

         Michaelis-Menten kinetics of Janus model bionanomaterials have proved with 

3.3′,5.5′-tetramethylbenzidine (TMB). The effect of pH, temperature and subsrate 

concentrations on the activity of these bionanomaterials have analyzed.  

Using cyclic voltammetry (CV) and chronoamperometry (CA) the memory 

function of the fabricated biodevice was validate.  

Key word: Apoferritin, Biomemory, Bionanostructure, Peroxidase Activity 
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Highly sensitive quantitative determination of tumor markers serum levels is a key 
step in early stage cancer diagnostics as well as for therapeutic response evaluation. 
Diagnosis of ovarian cancer based on determination of commonly used biomarker 
Cancer antigen 125 is nowadays supplemented by analysis of human epididimys 
protein 4 (HE4), a promising biomarker for its high specificity for malignancy 
comparing to benign form of disease. The use of electrochemical immunosensors 
based on ELISA principle combines advantages of high specificity of antibody-antigen 
recognition and sensitivity of electrochemical detection of quantum dots (QDs) 
exploited for antibody labelling. Here we present the development of microvolume 
quantum dot-linked immunoassay (µQLISA) for quantitative determination of HE4 
protein. Due to commercial unavailability of QDs labeled specific antibodies 
(anti-HE4QDs IgG) necessary for final detection, we applied in-house labelling protocol 
based on antigen-modified magnetic microparticles serving as an anchor for antibody 
fixation and easy separation during labelling by CdSe/ZnS QDs and ensuring the 
protection of binding site of antibodies. Thereafter the development of the whole 
µQLISA system consists of magnetic microparticles with covalently bound anti-HE4 
IgG which specifically capture the HE4 protein from complex matrix. Visualization of 
formed immunocomplex is ensured by the secondary anti-HE4QDs IgG. An 
electrochemical signal provided by Cd released from quantum dots corresponds to 
HE4 level in the sample. Screen printed three electrode sensors with mercury film 
were used and square wave anodic stripping voltammetry was elected as a detection 
technique. Established device enables the HE4 quantification with detection limit on 
20 pM level.       

 
Keywords: quantum dots, electrochemical immunosensors, ovarian cancer, tumor markers  
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Targeted therapies, which include monoclonal antibodies Anti-VEGF ,have significantly 

changed the treatment of cancer over the past 10 years.  

The existence of factors that stimulate blood vessel growth, there by recruiting a 

neovascular supply to nourish a growing tumour, was postulated many decades ago, although the 

identification and isolation of these factors proved elusive. Now, vascular endothelial growth factor 

(VEGF), which was identified in the 1980s, is recognized as an essential regulator of normal and 

abnormal blood vessel growth.  

In 1993, it was shown that a monoclonal antibody that targeted VEGF results in a dramatic 

suppression of tumour growth in vivo, which led to the development of bevacizumab (Avastin; 

Genentech), a humanized variant of this anti-VEGF antibody, as an anticancer agent.  

These drugs are now a component of therapy for many common malignancies, including 

breast, colorectal, lung, and pancreatic cancers, as well as lymphoma, leukemia, and multiple 

myeloma.  

The mechanisms of action and toxicities of targeted therapies differ from those of 

traditional cytotoxic chemotherapy.  

A lot of researches was made to use the cibled therapy in the treatment of other diseases. 

It's the case of Avastin,who recieved ,on March 19th 2015.a suitable opinion from the comitee of 

benefict/risk rate by the recommandation of the national agency of drugs for a tomporary use in the 

treatment of macular degenrating linked to the age. 

 
Keywords: Targeted therapies, monoclonal antibodies, Anti-VEGF  ,cancer, 
 
 
 

P091

273 sur 745



 
 

FAST CHARACTERIZATION OF POLYCATION-DNA POLYPLEXES BY TAYLOR 
DISPERSION ANALYSIS 

 
Laurent Leclercq1, Sören Reinhard2, Joseph Chamieh1, Ernst Wagner2, Hervé Cottet1  
 
1 Institut des Biomolécules Max Mousseron (UMR 5247 CNRS - Université de Montpellier - ENSCM), place 
Eugène Bataillon CC 1706, F-34095 Montpellier Cedex 5, France 
2 Center for System-based Drug Research and Center for NanoScience, Ludwig-Maximilians Universität, 
Butenandtstrasse 5-13, D-81377 Munich, Germany 

 
 

The characterization of various polyplexes (polycation-DNA complexes) has 
been studied by Taylor dispersion analysis (TDA). TDA is an absolute and 
straightforward method for determining diffusion coefficients D, and hydrodynamic 
radii Rh. The principle of TDA is based on the dispersion of a narrow solute band in an 
open tube under Poiseuille laminar flow. Due to the parabolic velocity profile, the 
solutes move with different velocities depending on their position in the tube cross 
section. The Taylor dispersion is due to the combination of the dispersive velocity 
profile with molecular diffusion that redistributes the molecules over the tube cross 
section. A small molecule leads to a narrow peak; while a large molecule leads to a 
broader peak. 

By distinguishing the signal contributions of the polyplex and the free polycation 
present in the mixture, the hydrodynamic radii of both constituents and the quantity of 
free polycation were determined, in a single run within a few minutes. Frontal mode of 
TDA was used to increase the sensitivity of detection. Linear and dendritic 
poly(L-lysine) were selected as examples of polycation in association with salmon 
DNA. Polyplexes were prepared with a cationic / anionic molar ratio N/P=12 at pH 7.4. 
Results obtained by TDA were compared to dynamic light scattering (DLS). TDA leads 
to the weight average Rh of the polyplex which is supposed to be more representative 
of the sample than the harmonic z-average value obtained by DLS.  
 

 
Keywords: Taylor dispersion analysis, polyplex, polyelectrolyte complex, gene therapy 
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A sulfur-based reductive approach provides an effective means of realizing 
International System of Units (SI) traceability for high-purity biological standards. In 
this study, SI-traceable absolute protein quantification method using double isotope 
dilution (ID) inductively-coupled plasma mass spectrometry (ICP-MS) combined with 
microwave-assisted acid digestion was developed for the first time. The method was 
validated and applied to certify candidate protein reference material (RM) of human 
growth hormone (hGH). The concentration of hGH was determined by analyzing the 
total amount of sulfur in hGH. Next, the size-exclusion chromatography method was 
used with ICP-MS to characterize and quantify sulfur-containing impurities. By 
subtracting the contribution of sulfur-containing impurities from the total sulfur content 
in the hGH CRM, SI-traceable certification value was obtained. The quantification 
result obtained with the present method based on sulfur analysis was in excellent 
agreement with the result determined via a well-established protein quantification 
method based on amino acid analysis using conventional acid hydrolysis combined 
with an ID liquid chromatography-tandem mass spectrometry. The developed method 
was applied for accurate analysis of protein drugs and standards including hGH, 
human thyroglobulin (hTG) and insulin. The sulfur-based protein quantification 
method developed here can be generally used for SI-traceable absolute quantification 
of proteins, especially pure-protein standards.  
(max. 250 words) 
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Our project aims to study quantitatively and kinetically enzymatic reactions in 
cell-sized confined vesicles (10-100 µm diameter), made of an unilamellar 
phospholipidic (GUV) or diblock-polymer (polymersome) membrane. 
Electroformation of phospholipidic GUVs was first achieved in physiological 
conditions (PBS, pH 7.4, 300 mOsm), allowing a further characterization of 
enzymatic activities within such a cell-mimicking compartment. Once the 
vesicles were formed, their internal media were modified on purpose, herein 
by microinjection of the reactants into the vesicle.  
 
We currently study a model biochemical system that involves two enzymatic 
reactions: glucose oxidase transforms glucose into gluconolactone and 
hydrogen peroxide, which is detected by the oxidative conversion of Amplex 
Red (AR) into resorufin by peroxidase. Resorufin is a fluorescent product 
which allows to follow easily the progress of the reaction by confocal 
microscopy. The other challenge consists in detecting the species formed by 
these enzymatic reactions by electrochemistry. The approach consists in 
detecting the diffusion of the reaction products through the lipid membrane, 
using an ultramicroelectrode placed in the vicinity of the membrane. 
 
A spectroelectrochemical study of Amplex Red and resorufin in solution was 
achieved, by following these reactions under redox control with a confocal 
microscope. Amplex Red and resorufin were both electroactive; interestingly, 
non-fluorescent AR can be reduced electrochemically to form resorufin in 
absence of enzymatic conversion. Combining fluorescence and 
electrochemical methods will allow us ultimately to monitor and quantify 
enzymatic reactions within a single biomimetic microreactor. 

 
Keywords: Fluorescence microscopy, Electrochemistry, Giant Unilamellar Vesicle, 
Liposome, Biomimetism, Artificial Cell, Microelectrode, Glucose Oxidase, Amplex 
Red, Resorufin, Hydrogen peroxide 
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In this work we present the application of tetraphenylporphyrin (Tpp) in a role of 
proteins’ label applicable in affinity sensors and assays. The properties of porphyrins 
allow for their determination using various analytical techniques eg.  
spectrophotometric, spectrofluorimetric and electrochemical and such features were 
utilized for the purpose of this study. 
After preliminary studies we conjugated Tpp with model proteins – BSA and 
immunoglobulin G. For this aim, the carboxylated derivative of tetraphenylporphyrin 
was utilized through its binding with amino groups of proteins’ side chains. The 
obtained conjugates were characterized using high performance liquid 
chromatography and mass spectrometry. 
In the next stage, we constructed model immunoassay utilizing Tpp-IgG conjugates. 
The analysis were carried out using 96-well plates with spectrophotometric and 
spectrofluorimetric detection. We performed assays with non-competitive mode of 
detection and with the competition between free and labeled antibodies, creating 
semi-quantitative detection system. The incubation time, ensuring full saturation of the 
surface with secondary antibodies was also optimized. We have also created 
immunoassay using manganese Tpp as label. In this case, we present both the 
possibility to determine porphyrin directly (spectrophotometrically, 
spectrofluorimetrically and electrochemically) or by utilizing its catalytic activity. 
It was therefore proved that Tpp and Mn-tpp may be successfully utilized for protein 
labeling, allowing for their indirect detection and may serve as universal tracers for 
various formats of affinity assays and sensors.    
  

 
Keywords: porphyrin, label, affinity assay 
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Herein, we report on the synthesis of hybrid core-shell Ag@SiO2 molecularly 
imprinted  particles (Ag@IMSiO2 particles) for tetracycline (TC) recognition. Their 
characterization was performed by different analytical techniques. The TC recognition 
ability and the TC-loading capacity of 
these nanoparticles were evaluated by 
static adsorption tests.  The TC release 
profile from the loaded Ag@IMSiO2 
particles was studied in vitro at different 
pH values and different temperatures. 
Results demonstrated that the 
molecularly imprinted silica layer 
provided not only the selectivity due to 
the presence of selective binding sites, 
but also endowed the whole Ag@IMSiO2 
particles with controlled release 
capability, which are promising 
advantages for a broad of biomedical 
applications in therapy and diagnostic. 
The imprinted nanoparticles present 
excellent properties as biocompatible 
smart chemical and antibiotic delivery 
system. 
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Since Sequential injection chromatography (SIC) was proposed in 2003, it has been 
used for separation of small molecules in diverse samples. Separations of high molar 
mass compounds such as proteins have not yet been described. In the present work a 
poly(glycidyl methacrylate-co-ethylene dimethacrylate) (GMA-co-EDMA) modified 
with iminodiacetic acid (IDA) monolithic column was prepared by free-radical 
polymerization inside a 2-mm i.d. activated fused silica-lined stainless steel tubing. 
The column was prepared from a mixture of 24% GMA, 16% EDMA, 20% 
cyclohexanol and 40% 1-dodecanol (all % as m/m) containing 1% of 
azobisisobutyronitrile (AIBN) (in relation to monomers). Polymerization was done at 
60 oC for 24 h. The polymer was modified with 1.0 mol L-1 IDA (in 2 mol L-1 Na2CO3, 
pH 10.5) at 80oC for 24 h. Separation of myoglobin, ribonuclease A, cytochrome C 
and lysozyme was studied at pH 7.0 (20 mmol L-1 KH2PO4/K2HPO4) and salt gradient 
(NaCl). Myoglobin was not retained, and the other proteins were separated by a 
gradient of NaCl created inside the holding coil (4 m of 0.8 mm i.d. PTFE tubing) by 
sequential aspiration of 750 and 700 µL of 0.2 and 0.1 mol L-1 NaCl, respectively. As 
the flow was reversed toward the column (5 µL/s) the interdispersion of these 
solutions created a reproducible gradient which separated the proteins in 10 min, with 
the following order of retention: ribonuclease A < cytochrome C < lysozime. The 
elution order was consistent with cation exchange mechanism as the retention 
increased with the isoelectric points. 
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Acetazolamide (ACZ), N- [5- (aminosulfonyl)- 1, 3, 4- thiadiazol- 2- yl] acetamide, is a 
carbonic anhydrase inhibitor that exhibits diuretic activity. In medicine, it is principally 
used in open-angle glaucoma, for prevention or amelioration of symptoms associated 
with acute high-altitude sickness and as an adjunct to other anticonvulsants in 
centrencephalic epilepsies. Furthermore, ACZ is sometimes used by athletes to mask 
the presence of doping substances, so its use has been banned in competitions. ACZ 
is well absorbed from the GI tract. After oral administration of 500 mg as tablets, peak 
plasma concentrations of about 12-27 µg/mL are achieved. 
The aim of this work was the development of a sensor to determine ACZ in 
pharmaceuticals, as quality control way, and serum, for clinical and doping analyzes. 
The sensor has been developed modifying a glassy carbon electrode with carbon 
nanofibers. Also, gold nanoparticles were studied as surface modifier. 
The electrochemical characterization of the sensor was performed by cyclic 
voltammetry using the redox mediator potassium ferrocyanide. ACZ electrochemical 
behavior was studied as well. 
Measurements were performed in a conventional three electrodes cell using 
differential pulse voltammetry. The influence of some experimental variables involved 
in the preparation and performance of the sensor –amount of modifier, supporting 
electrolyte, pH, scan rate and pulse amplitude– were optimized. 
The proposed sensor exhibited suitable analytical properties, as a high sensitivity and 
good specificity, and it was applied to determine ACZ in pharmaceuticals (tablets) and 
spiked human serum, being an excellent tool to perform quality control and antidoping 
control. 
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X-ray chemical imaging holds the potential for fundamental breakthroughs in the 
understanding of biological systems because chemical element distributions can be 
evidenced at the sub-cellular level. What is the distribution of trace metals in cells? Do 
some elements accumulate within sub-cellular organelles? What is the local chemistry 
of the elements in these organelles? These are some of the fundamental questions 
that can be addressed using synchrotron radiation X-ray and proton beam 
nano-probes. Such direct detection of chemical elements in single cells, and their 
speciation analysis, is a challenging task that requires sophisticated analytical 
developments. Improvements to obtain submicron X-ray and proton beam sizes have 
been made in the last few years allowing chemical imaging at high lateral resolution. 
SR-XRF (Synchrotron Radiation X-ray Fluorescence) with hard X-ray beams can now 
provide chemical element imaging with less than 30 nm spatial resolution. Moreover, 
synchrotron radiation offers the unique capability of spatially resolved chemical 
speciation using micro-XAS (X-ray Absorption Spectroscopy). Micro-PIXE(Particle 
Induced X-ray Emission) with MeV proton beams is suited to the quantitative 
determination of element content at the sub-cellular level. The potential of these 
methods for biomedical investigations will be illustrated with examples of application 
in the field of neurosciences to study for instance the mechanisms of metal related 
neurotoxicity and neuroplasticity. 
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Due to their high proliferation rate, tumor cells are characterized by sensitivity to iron deprivation. 
With the aim to target this iron dependence, several iron chelators have been developed for the 
treatment of cancer. Among them, α-N-heterocyclic thiosemicarbazones belong to the most 
effective compound class with Triapine as the most promising representative. With regard to the 
clinical practice, Triapine showed promising activity against advanced leukemia, but 
ineffectiveness against several solid tumors. Therefore, it is of a high interest to gain more insights 
into the pharmacological characteristics of Triapine and its biologically active complex Fe-Triapine.  
First, a reversed phase chromatographic separation in combination with fluorescence or mass 
spectrometric detection was developed (LC-FLD and LC-MS), which was followed by the 
optimization of the appropriate sample preparation procedure. Subsequently, in vitro stability of the 
compounds was examined and drug uptake was quantified in cell culture. For distribution 
experiments in vivo, drug levels were determined in body fluids (serum and urine) of treated Balb/c 
mice.  
The results showed a highly different behavior of Triapine and its iron complex. For Triapine, low 
protein binding in cytosol and serum was observed in contrast to fast adduct formation of 
Fe-Triapine. In addition, the iron complex was rapidly excreted via urine, whereas for the 
metal-free Triapine no significant levels could be detected.  
Taken together, novel insights into the behavior of Triapine and its Fe-complex in biological 
matrices were obtained, which will help to improve its pharmacological application and the 
development of thiosemicarbazones as antitumor agents. 

 
Keywords: Drug development, Thiosemicarbazones, Triapine, Analytical methodology, 
LC-FLD, LC-MS, Sample preparation, in vitro, in vivo 
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Porphyrin based photosensitizers are useful agents for photodynamic therapy and 
fluorescence imaging of cancer. Additionally, porphyrins are excellent metal chelators, 
forming stable metalo-complexes and 64Cu isotope can serve as a positron emitter 
(t1/2 = 12.7 h). The other advantage of 64Cu is its decay characteristics, that facilitates 
the use of 64Cu-porphyrin complex as therapeutic agent Thus, 64Cu chelation with 
porphyrin photosensitizer may become a simple and versatile labelling strategy for 
clinical positron emission tomography.  
The present study reports a convenient method for the synthesis of Cu complex with 
tetrakis(4-carboxyphenyl)porphyrin (TCPP). The experimental conditions for labelling, 
such as the metal-to-ligand molar ratio, pH and time of reaction were optimized to 
achieve a high complexation efficiency in a short period of time as possible. In order to 
accelerate the metallation, the use of substitution reactions of cadmium or lead 
porphyrin and the presence of reducing agent, such as ascorbic acid, were evaluated. 
The optimum conditions for the synthesis of the copper complex was borate buffer at 
pH 9 with the addition of  cadmium (II) ions  at molar ratio of reactants Cu:Cd:TCPP 
1:1:1. which resulted in reduction of the reaction time from 30 min to 5 min. 
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Licorice, the dried roots of Glycyrrhiza species (Leguminosae family) is one of the 
oldest and most widely used herbal drugs in both Eastern and Western countries. The 
Glycyrrhiza genus includes about 30 species widely distributed all over the world. 
Numerous authors have reported the biological effects associated to the chemical 
constituents of licorice such as anti-inflammatory, anti-microbial, anti-viral and anti-
oxidant activities. In the last decades a growing interest has been developed in the 
chemical characterization of the diverse species of Glycyrrhiza, in order to verify the 
content of bioactive principles and identify the differences between the species. The 
metabolomic approach has proven to be fast, reliable and highly efficient in the 
characterization of plant materials, permitting the simultaneous determination and 
identification of an extended number of compounds. In this study the high-throughput 
metabolomic analysis of 10 samples of different species of licorice roots is reported; 
Glycyrrhiza glabra, Glycyrrhiza uralensis, Glycyrrhiza inflata, the three main species 
used as food and drugs were analyzed, in order to identify their differences and 
peculiarities, in relation to the pharmacological use. The HPLC-HRMS (High 
Performance Liquid Chromatography - High Resolution Mass Spectrometry) analyses, 
combined with statistical methods, have permitted the detection and the identification 
of a high number of compounds, including already known and not earlier reported 
molecules. Clear different metabolic profiles were outlined for the three species, 
highlighting their potentially different bioactive properties. The data collected in this 
study were also used to build an internal database. 
 
Keywords: Metabolomics, Glycyrrhiza, HPLC-HRMS, licorice 
 
Acknowledgements: Authors are grateful to the Amarelli S.a.s. for the licorice root 
samples. 

P102

284 sur 745



 
 

METAL-BINDING MOLECULES APPROACH IN THE TESTIS OF RED DEER 

 
R.C. Rodríguez Martín-Doimeadios1, R. Mateo2, F.J. Guzmán Bernardo 1, N. Rodríguez 
Fariñas1 and A.I. Corps Ricardo1, 
 
1 Department of Analytical Chemistry and Food Technology. Faculty of Environmental Sciences and 
Biochemistry, University of Castilla-La Mancha, Toledo, E45071, Spain 
2 Instituto de Recursos Cinegéticos IREC-CSIC-UCLM, 13.071-Ciudad Real, Spain 

 
Metals play an important role in the development and function of living organisms and 
the understanding of the biomolecule-metal interaction on the molecular level is the 
key to a better assessment of metal metabolic pathways and their toxicological impact. 
However, information is scarce on this topic, especially in vital organs for reproduction 
in mammals such as testes. Therefore, the aim of this work was to initiate metallomic 
studies in terrestrial animal tissues, specifically red deer (Cervus elaphus) testis 
sampled from regular shooting allocations in a mining area. 
Firstly, samples were characterized for their total Se, Hg and Pb contents. Selenium 
concentrations were up to 1.12 µg·g-1 (dry weight) while minor traces of Hg and Pb 
were found. Then, metal-biomolecules were extracted by homogenization with 
Tris-HCl buffer under two experimental conditions, with and without protease inhibitor. 
The extracts were analyzed by size exclusion chromatography (SEC) coupled to UV 
detector. The proteins extracted were found in high-medium molecular weight region 
with an additional chromatographic peak at low-molecular weight (around 10 kDa) 
when the tissues are treated with protease inhibitor. Finally, the extracts were 
analysed by SEC hyphenated to ICP-MS, monitoring Pb and Hg as heavy metals and 
Fe, Ni, Cu, Zn and Se as essentials metal. Biomolecules containing Hg and Se were 
not detected. Differences were found in the chromatographic profiles of Fe, Zn and Pb 
for both procedures, however no differences were found for Cu and Ni. 
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Lateral flow immunoassay is one of the most appropriate tests for point-of-care testing 
because of the lack of sample preparation, the possibility of applying in field 
conditions, short time of analysis and easy visual detection. This device represents a 
test strip, consisting of several adjoining porous membranes: analytical membrane, 
where the test and control areas are applied; sample pad and absorbent pad. 
Traditionally colloidal gold particles are used as labels, but with using this label is not 
always possible to achieve the desired sensitivity of the assay, which is often required 
for the determination of low-molecular substances. Therefore, the new method - 
lateral flow enzyme immunoassay (LFEIA) was developed, where horseradish 
peroxidase was used as a label. This method was designed for the determination a 
low molecular weight hormone progesterone. LFEIA principle consisted on 
competitive reacting of free progesterone in the sample and the enzyme-labeled 
progesterone for binding sites for specific antibodies. In the work the main regularities 
of immunochemical reactions in porous membranes were investigated; various 
techniques of analysis and the conditions of registration of a visual signal were 
studied. It has been shown that the use of an enzyme label increased the sensitivity of 
the analysis in one order compared to using colloidal gold nanoparticles as a label. 
The detection limit of LFEIA was 1 ng/ml and the assay time - 15 minutes. The 
effectiveness of this method was tested by measuring progesterone in cows` whole 
milk for the purpose of pregnancy diagnosing. There was a good correlation between 
the data obtained by the LFEIA and conventional ELISA. Also another express test, 
based on principle of flow through immunoassay was developed for the determination 
of progesterone using horseradish peroxidase as a label. In this case the flow of the 
reactants was carried out in a vertical direction, thereby reducing the analysis time 
and simplifying the procedure of its holding. Flow-through enzyme immunoassay 
device consisted of plastic bottom and top member, analytical and absorbent 
membrane. Different types of membrane and blocking solutions for analytical 
membranes were studied, several reagents, including polymers and surfactants, were 
tested for their possible effect on signal generation. The detection limit of the method 
was 0,5 ng/ml. 

 
Keywords: horseradish peroxidase, progesterone, lateral flow immunoassay, flow through 
immunoassay 

P104

286 sur 745



CHEMILUMINESCENT DETERMINATION OF ORGANIC PEROXIDES IN AQUEOUS-
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High activity of FeIII-TAML, peroxidase mimic, upon the performance of catalytic 

oxidation of luminol in aqueous-organic media (ethanol, isopropanol and acetonitrile) 

(Fig. 1) was determined. Using FeIII-TAML the sensitive chemiluminescent assays for 

determination of benzoyl peroxide (BP) and tert-butyl hydroperoxide in the presence of 

the organic solvents were constructed. The best analytical parameters for BP 

determination (value of detection limit and the working (linear) range were 70 nM and 1 

x 10-7 – 5 x 10-5 М (R2=0.98), respectively) were obtained in 10% ethanol solution. In the 

case, if the TBH assay was performed in the presence of 10% ethanol, the detection 

limit value and working range were 3 µM and 3 x 10-6  – 5 x 10-4 М (R2=0.98) 

respectively. The obtained results open up very promising perspectives for using FeIII–

TAML to develop analytical methods with high sensitivity of different peroxides in 

aqueous-organic media. 

This work was supported by the Russian Foundation for Basic Research (13-04-00364). 

 
Figure 1.Scheme of catalytic oxidation of luminol with organic peroxides 

 
Keywords: benzoyl peroxide, tert-butyl hydroperoxide, FeIII-TAML activator, organic solvents, 

chemiluminescence 
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Ion mobility (IM) spectrometry has been lately attracting a lot of attention in analytical 
chemistry and the most popular combination is ion mobility - mass spectrometry 
(IM-MS), where IM could work either as the prefilter to remove the chemical noise or 
as another separation dimension. In this study we have used differential mobility 
spectrometry (DMS), a variant of IM based on the use of two parallel conductive 
plates with applied asymmetric radio-frequency (RF) field. 
We present a new method for separating and quantifying TG regioisomers using DMS. 
The DMS-based separations yielded a marked reduction in the analysis time (i.e., 
minutes), compared to the traditional alternatives. Traditionally, the separation of TG 
regioisomers has been achieved by methodologies like silver-ion or chiral 
chromatography, which requires long gradients (i.e., hours). Another alternative is 
MS-based method that uses fragment ion ratios for the same purpose. DMS 
separation of TG regioisomers can rapidly provide more definitive identification of 
such species. 
An AB SCIEX QTRAP 6500 system with SelexION was used for these analyses of 
standard solutions and real biological samples using the direct infusion analysis. 
Prerequisite for successful separation is the addition of silver ions to the solution to 
form adducts with TG molecules.  
We have successfully separated mixtures of two regioisomeric pairs containing one 
(SOS/SSO) or two (SOS/SSO) double bonds with the addition of silver ions; S means 
stearoyl (C18:0) and O is oleoyl (C18:1Δ9). We examined a wide parameter space, 
including several organic modifiers, flow rates, temperatures and DMS residence 
times for the best separation, the highest sensitivity and the signal stability. 
 
Max. 250 words 

 
Keywords: lipidomics, ion mobility, mass spectrometry, triacylglycerol regioisomers 
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Bovine leukemia virus (BLV) is an exogenous retrovirus, which causes enzootic 
bovine leucosis (EBL) of cattle. Indirect serological methods such as ELISA and AGID 
are routinely applied for EBL diagnostics by detecting specific antibodies against virus 
proteins. To enhance the effectivity of BLV diagnostics PCR is also used, which is able 
to detect the proviral DNA in blood samples directly. 
Dried blood spots (DBS) technology includes the application of blood drops onto the 
special membrane with further drying. DBS can be used as a sample collection 
technique in field conditions, the dried samples can be delivered to a laboratory 
without cooling. These advantages make DBS technology attractive for application in 
veterinary. A new strip-dried format of sample collection, transportation, storage and 
analysis of DBS was proposed. Special narrow marked strips of membranes were 
used as a carrier. A piece of the membrane with sample was cut with scissors and 
analyzed. 
The original approach for PCR and ELISA detection of BLV using strip-dried blood 
was proposed. The samples of blood (n=334) were measured by conventional way 
and using strip-dried blood technique. A new real-time PCR technique was developed 
for detecting BLV. PCR and ELISA showed identical results both in liquid and 
strip-dried format. Correlation between the results of PCR and ELISA was 93.4%. 
DNA extraction from peripheral blood mononuclear cells enhanced proviral DNA 
recovery up to 30%. 
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Cellular chemistry is heavily based on redox reactions, generating reactive oxygen 
species (ROS) and reactive nitrogen species (RNS) that include a myriad of species, 
such as superoxide anion radical, hydroxyl radical, peroxyl radical, hypochlorite anion, 
peroxynitrite anion and nitric oxide radical, among others. The excessive presence of 
these species causes oxidative stress, related to the onset of several diseases. 
Therefore, evaluation of scavenging capacity against biologically relevant reactive 
species is an emerging topic for drug development and clinical analysis. 
The goal of this communication is to highlight the advantages brought by automation 
using flow injection techniques to assess scavenging activity against reactive species, 
including computer controlled systems featuring programmable flow. Hence, 
developments from the last five years will be addressed, including work developed in 
the authors’ group. The selectivity and applicability of methodologies targeted to 
peroxyl radicals and superoxide anion will be critically compared. Moreover, the 
generation and detection of the target reactive species, the benefits and limitations of 
automation when compared to batch methods and applicability to real samples are 
some of the issues that will be discussed. 
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The use of bead sorbents in the form of suspension instead of conventional packed 
beds makes it possible to employ more effective smaller sorbent grains (a few 
microns) trapped in a low-pressure column due to ultrasound-assisted retention [1]. 
This enables the recovery of various substances, from metal ions to antigens, from 
aqueous media, acceleration of sorption processes in ultrasound field, separation of 
bulky sorbates to be achieved. Nucleic acids belong to such substances which can be 
recovered using different sorbents including modified magnetic ones. However, the 
majority of solid-phase extraction and other techniques are batch-wise and multistage, 
require centrifugation and other long procedures. In this work, a novel approach is 
proposed to recovery of DNA using suspension columns with silica-coated magnetic 
sorbents in combined acoustic and magnetic fields. The use of ultrasound suspension 
columns makes it possible to intensify adsorption process. The application of a 
magnetic “filter” enables the employment of larger sorbent mass to be completely 
retained even in cases when an acoustic field alone does not retain quantitatively 
smaller fractions of sorption material in a sample flow. Thus, a flow method has been 
developed for sorption recovery and enrichment of different DNA followed by their 
on-line elution and quantification by polymerase chain reaction. 
 
The authors acknowledge financial support from the Ministry of Education and 
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[1] Spivakov B.Ya., Shkinev V.M., Danilova T.V., Knyazkov N.N., Kurochkin V.E., 
Karandashev V.K. Talanta. 2012, 102, 88-92. 

 
Keywords: DNA, suspension column, magnetic sorbent, PCR detection 
 

P109

291 sur 745



 
 
IDENTIFICATION OF BRAIN TUMORS BY MOLECULAR SPECTROSCOPY AND 

MULTIMODAL OPTICAL IMAGING MODALITIES  

 
Gerald Steiner1, Roberta Galli1, Ortrud Uckermann2 Edmund Koch1, Gabriele Schackert2, 
and Matthias Kirsch2 
 
1 Dresden University of Technology, Faculty of Medicine Carl Gustav Carus, Clinical Sensoring and 
Monitoring, Fetscherstr. 13, 01307 Dresden, Germany  
2  Dresden University of Technology, Faculty of Medicine Carl Gustav Carus and University Hospital, 
Neurosuergy, Fetscherstr. 13, 01307 Dresden, Germany 

 
Despite the advances in modern clinical imaging methods, the identification of tumor is still based on 
practitioner visual observation. Although showing clear histological differences, neoplastic tissue is 
unfortunately often indistinguishable from healthy tissue in the operating room.  In the context of brain 
tumor surgery the need to identify tumor margin comes to its paroxysm owing to the risk of neurologic 
deficit associated with damaging functional cerebral structures. 
The combination of coherent anti-Stokes Raman scattering (CARS), two-photon excited fluorescence 
(TPEF) and second harmonic generation (SHG) provides high resolution images with strong information 
on tissue composition and useful information for tumor diagnosis. Using cryosections of human brain 
tissue, the method gave a detailed insight in cancer morphology and composition, enabling to discern 
between normal tissue, tumor and necrosis. Several features significant for the diagnosis were clearly 
visualized without use of any staining. Brain tumors show a significant lower content on lipids than 
normal tissue. When the excitation of CARS is tuned to a vibration mode of methylene groups, tumor 
cells exhibit a lower CARS signal than normal cells. Even very small areas of infiltrated tumor cells within 
normal tissue could be identified. It is also possible to show macro- and micro-morphology of normal 
and neoplastic tissue, down to cellular resolution under in situ conditions.  
Translation of this method in clinical pathology will greatly improve speed and quality of the analyses. 
The use of label free spectroscopic imaging modalities in medical diagnosis is a novel approach, with 
great potential for intra operative identification of cancerous tissues. 

 
Keywords: CARS, Brain tumors, Biospectroscopy 
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Nucleotides and their derivatives play many important roles in living organism. Many 
nucleotides analogs are designed and synthesized to act as potential enzymatic 
probes and therapeutic agents. Thus, identification and structural analysis of this 
class of biomolecules have become an important area of biochemical analysis.  
We applied electrospray ionization combined with triple quadrupole and ion trap 
analysers to perform broad study on the fragmentation of wild type nucleotides and 
collection of variously modified nucleotides that had been synthesized in our 
laboratory. We focused on compounds that contain modifications either in the 
oligophosphate chain or within the ribose moiety (Figure 1). The modifications 
involved various substitutions of hydroxyl groups and/or the introduction of groups 
such as phosphorothioate, phosphoroselenoate, phosphoroamidate, 
boranophosphate, fluorophosphate, methylenebisphosphonate, imidodiphosphate 
and 1H-1,2,3-triazole into oligophosphate. Majority of the analysed molecules are 
derivatives of nucleoside mono-, di- tri-  phosphates. Furthermore, we used 
enhanced precursor ion mode and MS3 fragmentation to propose the most probable 
general fragmentation pathways. 
Based on our studies, we identified several characteristic signals indicating for 
particular modifications present within the investigated compounds. These findings 
may be helpful in the analysis complex of nucleotide mixtures or cell extracts and in 
investigation of drug and prodrug metabolism. Additionally, we demonstrate how the 
results can be useful in synthetic nucleotide chemistry for fast identification of 
small-scale reaction products.   
 
Keywords: nucleotides, tandem mass spectrometry, nucleotide analogs 
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Brassica species belong to the plants efficient in Se accumulation and thus, they are 
good sources for Se biofortification purposes. In our experiment, the effect of 
Se-enriched defatted rapeseed meal (RM) added to the diet on Se uptake by rat 
organism (whole blood, liver, kidney) was investigated in model conditions. 
Additionally, the response of other essential elements in rat organisms on selenium 
and/or RM addition was assessed, as well. The experimental diets for the individual 
experimental groups were prepared as follows: i) group RM0 fed by the control diet; ii) 
group RM30, where 30% of the soybean meal in the diet was replaced with RM; iii) 
group RM60, where 60% of the soybean meal in the diet was replaced with RM; and 
iv) group RM100, where 100% of the soybean meal in the diet was replaced with RM. 
The selenium contents in liver, kidney and whole blood of the animals were 
determined by inductively coupled plasma mass spectrometry (ICP-MS) whereas the 
other essential and risk elements were determined by inductively coupled plasma 
optical emission spectrometry (ICP-OES). Our results showed decreasing Cd 
contents in the rat liver with increasing Se content in the diet confirming antagonism of 
these elements. Concerning the essential elements, the application of the selenized 
RM did not result in any imbalance of these elements utilization. In the opposite, Se 
addition seems to be helpful for better utilization of other essential elements compared 
to the RM-containing diet without Se fortification.  

 
Keywords: selenium, rapeseed meal, fortification, Rattus norvegicus 
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Nanoparticle-assisted laser desorption/ionization (Nano-PALDI)* mass spectrometry 

(MS) enables the ionization of low molecular weight compounds such as drugs and 

peptides with no background signal in the low mass region (< m/z 500). We analyzed 

oligonucleotides by nano-PALDI MS. To this end, we prepared several kinds of 

nanoparticles (Cr-, Fe-, Mn-, Co-based) and optimized the nano-PALDI MS method to 

analyze the oligonucleotides**. Iron oxide nanoparticles with diammonium hydrogen 

citrate were found to serve as an effective ionization-assisting reagent in MS. The 

specific mass spectra showed both [M-H]- and [M+xMe2+-H]- (Me: transition metal) 

peaks. The number of metal-adducted ion signals depended on the length of the 

oligonucleotide. This phenomenon was only observed using bivalent metal core 

nanoparticles, not with any other valency metal core nanoparticles. Our pilot study 

demonstrated that iron oxide nanoparticles could easily ionize samples such as 

chemical drugs and peptides as well as oligonucleotides without the aid of an 

oligonucleotide-specific chemical matrix (e.g., 3-hydroxypicolinic acid) used in 

conventional MS methods. Our results suggested that iron-based nano-PALDI serve 

as the assisting material of ionization for genes and other biomolecules. 

*S. Taira et al. Analyst,137 2006-2010 (Cover Article) (2012)  

**S. Taira et al. Mass Spectrometry, 3 s0026 (2014) 
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Carbohydrate-modified interfaces have been shown to be valuable tools for the study 
of protein–glycan recognition events. Label-free approaches, such as plasmonic based 
techniques are particularly attractive. This paper describes a new analytical platform 
for the sensitive and selective screening of carbohydrate–lectin interactions. Planar 
optical waveguides, consisting of glass prisms coated with silver (50 nm) and silica 
(460 nm) layers were derivatized with mannose or lactose moieties. We show here that 
glycans can be covalently linked to silicabased waveguides through a combination of 
surface silanization chemistry coupled with “click” chemistry of alkynyl-derivatized 
glycans and azide-functionalized waveguide surfaces. Optimization of the surface 
architecture through the introduction of an oligo (ethylene glycol) spacer between the 
plasmonic surface and the glycan ligands provided an interface which allowed 
screening of glycan–lectin interactions in a highly selective manner. The specific 
association of the resulting interface with selected lectins was assessed by following 
the changes in its plasmonic response. The sensitivity and selectivity of the glycan-
presenting waveguide interface toward various lectins has been assessed. This study 
thus represents the first example where plasmon waveguide resonance is harnessed 
for the study of carbohydrate–protein interactions. The limit of detection of this method 
for this particular application was found to be in the subnanomolar range (0.5 nM), 
showing it to constitute a promising analytical platform for future development and use 
in a pharmaceutical or biomedical setting. 

 
Keywords: Planar optical waveguide, “Click” chemistry, Glycan chip 
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The amount of cholesterol in more than normal values which are in the range of 1.3–
2.6 mg/mL in human blood can cause various clinical disorders, such as heart 
disease, coronary artery disease, arteriosclerosis, hypertension, cerebral thrombosis, 
etc.  Moreover, cholesterol is also known to play an important role in the brain 
synapses and in the immune system. Therefore, the determination of cholesterol 
levels is of great importance in clinical analysis/diagnosis. Cholesterol oxidase is the 
enzyme which is mainly preferred and used in the cholesterol determination studies. 
The present work describes two amperometric cholesterol biosensors which can 
determine cholesterol simple and fast by using poly (ethyleneoxide) conducting 
polymers. Cholesterol oxidase enzyme was entrapped in thiophene capped 
poly(ethyleneoxide)/polypyrrole (PEO-co-PPy) and 3-methylthienyl methacrylate-co-
pvinylbenzyloxy poly(ethyleneoxide)/polypyrrole (CP-coPPy) matrices. The biosensor 
responses were registered as the current signals (μA) via measuring oxidation 
current of H2O2 at +0.7 V vs Ag/AgCl (4 M KCl) in the presence of cholesterol 
substrate without using a mediator. The biosensors were characterized in terms of 
several parameters. 

 
Keywords: Amperometric biosensors, cholesterol sensors, cholesterol oxidase, conducting 
polymers, enzyme immobilization. 
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Naturally occurring amino acid 1-3,4-dihydroxy phenylalanine (l-Dopa) is a precursor 
of dopamine and an important neural message transmitter.Decrease in concentration 
of dopamine in the substantia nigra of the brain causes Parkinson disease. l-Dopa 
can be produced from l-tyrosine by the help of the enzyme, tyrosinase. Therefore, the 
analysis of tyrosinase activity is important for detecting melanoma cells and 
Parkinson disease. 
In this study, immobilization of tyrosinase was performed via entrapment in 
conducting polymers during electrochemical polymerization of pyrrole through the 
thiophene moiety of the polymers which are CP and PEO.CP (3-methylthienyl 
methacrylate and p-vinylbenzyloxy poly (ethyleneoxide)) and PEO (thiophene capped 
poly(ethyleneoxide)) were synthesized and characterized in previous studies. The 
conducting copolymers, CP-co-PPy and PEO-co-PPy were synthesized 
electrochemically using sodium dodecylsulfate (SDS) as the supporting electrolyte. 
The purpose of the this study is to synthesize l-Dopa (1-3,4-dihydroxy phenylalanine) 
which is a precursor of dopamine by using immobilization of tyrosinase in 
poly(ethyleneoxide) type conducting copolymer matrices.l-Tyrosine was used as the 
substrate for l-Dopa synthesis. The kinetic parameters of the designed biosensors, 
maximum reaction rate of the enzyme (Vmax) and Michaelis Menten constant (Km) 
were determined. Optimum temperature and pH of immobilized enzyme were also 
examined. 

 
Keywords: Conducting polymers, Electropolymerization, Biocatalysis, l-Dopa synthesis. 
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In the field of toxicological bioassay, one of the main challenges comes from the lack 
of specificity and sensitivity of the classical monoparametric biosensor methods which 
focus on a precise effect of target substances (e.g.: bioluminescence inhibition). In 
this context, the latest progress in the Raman spectroscopy open new research 
perspectives on fast method of observing metabolic responses against toxic agents. 
Indeed, the observation of bacteria by Raman spectroscopy offers a multiparametric 
approach that provides an overview of all the physiological changes caused by the 
pollutants. Thus, the comparison of spectra from bacteria exposed or not, is use to 
define a “signature” for a given toxic effect and overcome the limitations of other 
biosensor techniques. 
Moreover, the physiological spectral fingerprint is both rich and complex. 
Consequently, to be properly analyzed it needs complex chemometrics methods. In 
this study, statistical multivariate analyses have been implemented to highlight the 
differences between spectra of the bacteria Escherichia coli exposed to various 
increasing arsenic concentrations. The results show both a dose-response and an 
exposure time effect of the arsenic on E. coli cells. Furthermore, the fine analysis of 
the Raman spectroscopy fingerprints permits to identify the cellular macromolecules 
impacted by this chemical. In the future, a toxic signature of pollutants and a more 
precise overview of their metabolic target might thus be identified by the Raman 
multiparametric observations of toxic effects on microorganisms’ metabolism coupled 
to chemometrics tools. 

 
Keywords: biosensor, Raman spectroscopy, Escherichia coli, arsenic. 
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We analyzed the geographical genetic structure of Arabidopsis thaliana from two 
broad regions: the Iberian Peninsula-Morocco and Eurasia (France, Italy, Germany, 
Denmark, Sweden, Norway, Switzerland, Ireland, United Kingdom, Russia, 
Netherlands and Finland). The study was based on hundreds of geo-referenced 
accessions, 250 genome-wide SNPs and climatic data. The ADMIXTURE software 
was used to analyze the genetic structure of populations. Climatic variables were 
selected from WorldClim and predictive maps were generated using QGIS and 
MaxEnt software. Maps showed the occurrence probability of A. thaliana genetic 
clusters as a function of climatic variability.  
 
Broadly speaking, the results showed a clear separation between the distributions of 
A. thaliana populations in both Iberian Peninsula-Morocco and Eurasia regions. They 
also indicated how the Pyrenees acted as an effective barrier between regions, 
contributing therefore to the geographical genetic structure of A. thaliana. 
Nevertheless, significant variation was also observed in range and distribution of 
genetic clusters. Based on the results, it is possible to provide answers to some 
questions about the geographical distribution of genetic variation of A. thaliana 
throughout Europe and N Africa and its putatively climatic drivers. 
 
This study opens up the door to future predictions on the distribution of A. thaliana in a 
context of global climate change. Furthermore and from an applied viewpoint, the 
results of this study could also be used as a means to support re-introduction projects 
by identifying the suitability of source genotypes to environments with different 
climatic conditions, which might be applicable to a wide variety of organisms. 

 
Keywords: Arabidopsis thaliana, genomic variation, genetic structure, global climate change. 
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Separation of analytical signals consisting of overlapping peaks is one of the most 
important preprocessing steps of instrumental analytical chemistry. Uncertainty in 
determining maximum peak positions of these signals using mathematical separation 
methods (differentiation and deconvolution) has been recently evaluated by our 
studies [International Journal of Emerging Technologies in Computational and Applied  
Sciences, 2015, 2-11 , 102; 2014, 2-10 , 192; 2014, 3-9 , 248]. The upper bound of the 
total error was calculated by [V. A. Lorenz-Fonfria and E.Pardos, Analyst, 2004, 129, 
1243]. In the present communication the upper bounds (UB) of the minimum 
uncertainty in determining peak maximum position (x0), peak width (w) and peak 
maximum intensity (Am) have been separately evaluated. Proposed methodology for 
calculation does not depend on the convergence properties of decomposition 
algorithm. The sum of the squared differences between measured data containing 
noise and model distorted by changing peak parameters (the object function) was 
approximated by a closed-form expression. Numerical solution was obtained using 
Gaussians in a wide range of varied peak parameters. It was found that 
UB(Am)=Ca/sqrt(w), UB(w)=Cwsqrt(w)/Am  and UB(x0)=Cx0sqrt(w)/A,  where sqrt is 
an abbreviation for square root and coefficients C depend on the accepted minimum 
value  of the objective function. It was shown that the relative errors in determining 
peak parameters may be up to tens of percent. The principal ways to reduce these 
errors are: (1) improvement of the signal-to-noise ratio of analytical signal; and (2) 
regularization using a priory information about unknown peak parameters by 
modifying the object function. 

 
Keywords: analytical signal, overlapping peaks, curve fitting, errors of peak parameters  
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The objective of this work was the development of a new method for the speciation of 
Cr(III) and Cr(VI) by ionic chromatography (IC) and quantitative analysis by ICP-MS. 
Cr(III) exists in the form of positively charged aqueous complexes while Cr(VI) is 
usually present as anion dichromate, Cr2O72-. For this reason a very common 
approach consists of a process of derivatization of Cr(III) which it is converted to a 
negatively charged complex, which is thus separated from Cr(VI) by anion exchange 
chromatography. The reaction of Cr(III) with ethylenediaminetetraacetic acid (EDTA) 
is generally used with consequent formation of the anionic complex, which is 
subsequently separated from Cr(VI) through the use of the anionic exchange or the 
reverse phase columns. The complexation occurs directly in the column, provided that 
the presence of EDTA in the eluent phase. The quantitative determination of Cr(VI) is 
determined by difference from Cr(III) and that total. In the present study we have 
investigated the possibility to use an alternative ligand instead of EDTA in the 
speciation of chromium; in particular, the ligand of choice was quercetin (QUE), an 
antioxidant flavonol. This ligand was able to form stable complexes with Cr(VI) 
exclusively allowing the direct quantification and determination of the hexavalent 
chromium. 

 
Keywords: speciation; chromium; IC-ICP-MS; quercetin 
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Contemporary metabolic profiling of biological samples aims to extract pure 
components from possibly nonlinear multicomponent mixtures mass spectra. Due to 
large number of components present in the mixtures spectra, related separation 
problem is hard. Herein, we further elaborate reproducible kernel Hilbert space 
method for nonlinear underdetermined blind source separation (uBSS) of components 
from mixtures mass spectra. In particular, we compare accuracy of approximate, but 
computationally more efficient method with the original one, developed recently on 
two problems related to: extraction of 25 components form 9 mixtures mass spectra, 
and extraction of 19 components from 12 mixtures mass spectra. Mixtures mass 
spectra (m1-mn) were obtained from chemical reaction of peptide formation at different 
time points (t0-tm-1) (Figure 1). By using approximate version of pure components 
extraction method it is possible to drastically reduce computation time while still 
retaining decent separation quality. This result is of practical relevance, because 
approximate method combined with high-speed implementation on graphical 
processing units enables nearly real time execution. Here presented approach is of 
wide application, such as non-targeted metabolite profiling or dynamic libraries 
search. 

 
 
Figure 1. Schematic representation of method for nonlinear underdetermined blind 
source separation of components from mixtures mass spectra 
 
Keywords: pure components, mass spectrometry, nonlinear blind source separation 
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Chemometrics tools have been frequently applied to extract relevant information from 
data obtained in chemical experiments. Factorial design has many advantages such 
as the reduction in the number of required experiments, resulting in lower reagent 
consumption and considerably less laboratory work and possibilities to evaluate 
interactions between variables. Chemometric techniques have been applied in 
electroanalytical data for solving overlapping signals, multivariate calibration methods, 
model identification and optimization of analytical procedures. In this work, the use of 
chemometrics approaches allowed to enhance the voltammetric signal to detect the 
flavonol dodecyl gallate. The flavonols have recently received considerable attention 
because of their potential therapeutic activity against some parasitic diseases. The 
aim of this work was the development of a rapid and simple square wave voltammetry 
method (SWV) for dodecyl gallate determination with glassy carbon electrode using 
chemometrics tools. Different variables of SWV such as frequency, pulse height and 
step potential were screened in a 23 factorial design. After determining these 
significant factors, the optimum operation conditions were attained using more 
complex experimental designs, such as a Central Composite designs (CCD) and 
Doehlert matrix (DM). Optimum conditions were set as follow: buffer pH 8, frequency 
130 Hz, pulse height 0.05 V and step potential 0.009 V. Under these optimum 
conditions, the method has a linear response over (1.0 – 0.25) × 10−6 mol L−1 with 
detection and quantification limits of 2.5 × 10−7 and 1.8 × 10−6 mol L−1, respectively.  

 
Keywords: factorial design, square-wave voltammetry, dodecyl gallate, parasitic diseases.  
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Bile acid salts are biosurfactants that, beside their known physiological role have a 
spreading application in pharmacy as promoters for transport of certain drugs, 
solubilsators of hydrophobic drugs, etc. On critical micelle concentration (cmc) they 
form aggregates - micelles. In micelles formed in the vicinity of cmc bile acid anions 
are oriented toward each other over β side of steroid skeleton (convex, hydrophobic 
surface of the molecule) - primary micelles. Some primary bile acid salts micelles in 
concentration above 2cmc interconnect by hydrophobic bonds into secondary 
micelles. With retention coefficients (ln k) of bile acids in reversed phase HPLC on 
different temperatures, matrix (K) can be formed containing dependence of lnk from 
temperature. Implementing principle component analysis (PC) on matrix K, values of 
objects (bile acids) can be obtained in the space of principle components. If objects 
form line in 3D space of principle components they belong to common hydrophobic 
congeneric group, so ln k can be used as parameter for belonging to linear congeneric 
group (LCG). By plotting aggregation numbers (n) of bile salt micelles (experimentally 
determined) and ln k values of monomers, objects that form line are micelles with 
dominant hydrophobic interactions (i.e. objects  from LCG) - primary micelles, while 
object that are, according to matrix H, outliers in plot lnk – n, according to LCG are 
micelles with excess Gibbs energy comparing to Gibbs energy of hydrophobic 
interaction in the whole Gibbs energy of micelle formation that comes from negative 
enthalpy of formation of hydrogen bonds in micelles - secondary micelles of bile acid 
salts.  

 
Keywords:  linear congeneric group, micelles, bile acid anions 
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It is a common case where a fact finder asks a forensic scientist to evaluate the 
evidential value of recovered evidence (e.g., glass fragment of unknown origin). 
Forensic scientist may make use of Likelihood Ratio (LR) method, which allows for the 
analysis of evidence in the context of two competing hypotheses. This modern 
forensic practice for physicochemical data interpretation might still face some 
problems stemming from complex data structures. To answers fact finder’s question, 
modifications of a well-known LR methodology might be applied. 
Present work investigates problem of classifying glass samples based on the 
measurements of their refractive index into origin category and olive oil samples 
described by the content of fatty acids into geographical designations. Two crucial 
aspects regarding LR models are inspected. Firstly, the effect of smoothing 
parameterisation (factor to control in Kernel Density Estimation procedure) was taken 
as a factor to modulate performance measures of classification rates and Empirical 
Cross Entropy parameters. Secondly, in the case of a poor statistical separateness of 
glass samples coming from packages and car windows, an approach utilising 
Kullback-Leibler divergence was taken as a measure for LR penalization for this fact. 
It is shown that there is a trade-off in obtaining favourable results of different 
classification performance measures. A procedure of selecting variables (fatty acids) 
for classifying olive oils is highlighted as a promising alternative. The results of 
Kullback-Leibler divergence are encouraging in the context of possibility of modifying 
existing protocols for physicochemical data evaluation obtained from advanced 
instrumental analyses. 

 
Keywords: physicochemical data, classification, likelihood ratio, forensic sciences 
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The evaluation of physicochemical data for forensic purposes is governed by 
methodology involving Likelihood Ratio (LR) model which application to classification 
task is available in the setting of evidence analysis under two opposite propositions 
related to distinct classes. However, classification problems usually deal with issues of 
multiclass nature that the LR approach currently resolves in multiple steps. 
The present work concerns the issue of the evidential value of fatty acid profiles for 
572 olive oils originating in nine different regions of Italy. Multiclass problem, 
encompassed in forensic setting, is addressed with the use of LR methodology 
assisted by the evaluation tool in the form of Empirical Cross Entropy (ECE). 
The analytical data collected for classification purposes are usually attempted to be 
solved through the use of chemometric methods designed for such tasks (e.g. Linear 
and Quadratic Discriminant Analyses, LDA and QDA respectively). The Bayesian 
setup of these methods enables the possibility of reformulation of their posterior 
outputs onto the LR conditions that fully respect the forensic context. Considered 
classification of Italian olive oils is proven to be noticeable by means of all applied 
methods. Nonetheless, the strict assumptions made by either LDA or QDA do not 
permit tuning of the values of classification parameters (classification rates and ECE 
parameters). The LR approach based on the Kernel Density Estimation procedure 
that exempts these limitations is proven to be a method of noteworthy choice. A novel 
approach to the multiclass LR setting is highlighted and recognised as one with 
favourable results. 

 
Keywords: food authentication, Bayesian statistics, likelihood ratio, discriminant analysis, 
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Database of elemental composition of glass fragments recorded by Scanning Electron 
Microscopy coupled with an Energy Dispersive X-ray spectrometer (SEM-EDX) is 
time and cost consuming endeavour. In case of the change of laboratory equipment a 
question regarding the need of new database creation arises, especially if one uses it 
as an inferential basis for forensic purposes dealt with Likelihood Ratio (LR) 
methodology. 
To inspect this problem elemental composition of 100 glass objects (50 float glass and 
50 containers) previously determined by an old SEM-EDX equipment (Jeol JSM-5800) 
was established again by application of the new one (JSM-6610LV). Both 
classification and comparison problems as crucial for forensic sciences were 
investigated. The differences between LR values obtained for particular sample on the 
basis of information gathered with the use of old and new database were close to zero 
in most cases within comparison or classification problem. Regardless of the applied 
database, levels of false answers were low (1.5% false positive and 15% false 
negative) and classification rates were favourably high (~95%). 
Nonetheless, additional attempts to explore this matter were taken. The modification 
of statistical parameters controlling the smoothness of probability density functions 
and a calibration transfer function (annealing algorithm) were applied to formulate 
conclusions. 
Obtained results suggested that the database created by application of SEM-EDX 
equipment, which is replaced by the new one, could be still used for evaluation of 
evidential value of glass fragments. Moreover, the application of annealing algorithm 
enables an extension of database by data obtained with new equipment. 

 
Keywords: glass fragments analysis, SEM-EDX, databases 

P126

308 sur 745



 
 
Multi-walled carbon nanotube and nanosilica chemically modified carbon paste 
electrodes for determination of mercury(II) ion in polluted water samples 

 
Tamer Awad Ali 1, Gehad G. Mohamed 2 

 
1 Egyptian Petroleum Research Institute (EPRI), 11727, Cairo, Egypt. 
2 Chemistry Department, Faculty of Science, Cairo University, 12613, Giza, Egypt. 

 
Novel carbon paste ion selective electrodes were described for determination of 
mercury (II) ion. Multi-walled carbon nanotubes (MWCNTs) and nanosilica modifiers 
were used for improving the response characteristics of a mercury carbon paste 
sensors. MWCNTs have good conductivity which helps the transduction of the signal 
in carbon paste electrode. These potentiometric sensors respond to Hg(II) ions in the 
wide linear concentration range of 1×10-7 - 1.0×10-1 and 1.8×10-8 - 1×10-1 mol L-1 with 
Nernstian slopes of 28.75±0.46 and 29.92±0.15 mV decade-1 of Hg(II) ion and 
detection limit of 1×10-7 and 1.8×10-8 mol L-1 for MWCNTs-CPE (electrode V) and 
MWCNTs/nanosilica-CPE (electrode VII), respectively. The response of electrodes is 
independent of pH in the range of 3.0-7.5 and 2.5-8.5, with a fast response time of 
about 7 and 4 s, and can be used for at least 110 and 145 days without any 
considerable divergences in the potentials for electrode (V) and electrode (VII), 
respectively. The proposed sensors thus allowed sensitive, selective, simple, low-cost, 
and stable electrochemical response to Hg(II) ions in the presence of a large number 
of alkali, alkaline earth, transition and heavy metal ions. Such abilities promote new 
opportunities for determining Hg(II) ions in a wide range of real samples. The results 
obtained were compared well with those obtained using inductively coupled plasma 
atomic absorption spectrometry (ICP-AES). 

 
Keywords: Potentiometric Sensors; Multi-walled carbon nanotube (MWCNTs); Nanosilica; 
Water samples. 

P127

309 sur 745



GLYCINE-FUNCTIONALIZED GRAPHENE QUANTUM DOTS BASED 
FLUORESCENCE SENSOR FOR THE DIRECT DETERMINATION OF TIO2 

NANOPARTICLES FROM SUNSCREEMS. 

 
 

Sandra Benítez-Martíneza, Ángela I. López Lorentea, Miguel Valcárcela. 
 

 a Department of Analytical Chemistry, University of Córdoba. Annex C3 Building, Campus of 
Rabanales, 14071 Córdoba. E-mail: qa1meobj@uco.es. 

 
Engineered nanomaterials (ENMs) are increasingly employed in personal care 
products (PCPs). Among them, titanium dioxide nanoparticles (TiO2 NPs) are 
widely used since they are highly stable, nonreactive with other materials, 
thermally stable and non-flammable having a low cost1. They are usually 
employed in products such as toothpastes and sunscreens, as well as food 
additives, such as in candies, sweets, and chewing gums2. The potential for 
exposure and the consequences to human health from ENMs in PCPs are not 
well quantified3, neither their possible release nor accumulation in 
environmental compartments.  
 
In this work, glycine functionalized fluorescent graphene quantum dots (gly-
GQDs) have been employed to develop a simple, fast and sensitive 
fluorescence-based sensor for the determination of titanium oxide (TiO2) 
nanoparticles in sunscreens. The method is based in the liquid-liquid extraction 
of the TiO2 nanoparticles present in the sample and the subsequent 
fluorescence analysis of the extracts by the quenching effect produced on the 
gly-GQDs solution caused by the interaction of the aminoacid with the extracted 
TiO2 nanoparticles owing to electrostatic interaction and to hydrogen bonding. 
The limit of detection was 1.4 µg·g-1. The precision, for a 5 µg·g-1 concentration 
of TiO2 NPs is 6.95%. The optimized procedure has been successively applied 
to the determination of TiO2 nanoparticles content in sunscreens of different sun 
protector factors.  
 
The two facets of Analytical Nanoscience and Nanotechnology –nanomaterials 
as analytical tools or objects–have been covered in this work.  

 
Keywords: graphene quantum dots, glycine, titanium oxide nanoparticles, 
fluorescence, quenching, sunscreens.  
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Mercury is one of the most harmful elements existing in the environment. The 
literature states that the exposure to mercury can cause harmful effects on the 
nervous, digestive, respiratory and immune systems. Besides, lung damage and 
kidneys has been reported. In order to assess the exposition risk, it is extremely 
important have quantitative knowledge about mercury in areas near to emission 
sources, such as soils and waters. One of the most widely used techniques for 
mercury quantification is Cold Vapor-Atomic Fluorescence Spectroscopy (CV-AFS). 
This technique is simple, cheap and highly sensitive. However, it has been applied 
mainly in aqueous samples and lesser extent in solids mainly due to the complexity of 
these matrices. 
The aim of this study is to validate a methodology for the quantification of total 
mercury in soil samples by CV-AFS. Firstly, the experimental conditions were 
optimized by using a Central Composite Design and the optimal response was 
obtained with HCl and NaBH4 concentrations of 2.25 and 0.01 M, respectively. This 
method presented a detection limit of 0.025 ng L-1 and 4% as relative error. Despite 
the good figures of merit, the recoveries resulted insufficient when this methodology 
was applied to certified soil samples. For this reason, an addition cleaned-up protocol 
was performed using sulfhydryl fiber cotton after the digestion step reducing the bias. 
Finally, the proposed methodology was validated analyzing three reference materials 
(PACS 2, SRM 27101a and SRM 2704) reaching satisfactory results and 
demonstrating the analytical potential of proposed methodology.  
 
 

 
Keywords: Mercury determination, Atomic fluorescence, Soil samples 
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Despite the significant advances in analytical instruments and approaches that 

have been made in recent years, sample pretreatment procedures must still be 
considered prior to an instrumental determination of analytes. DLLME was first 
introduced by Assadi and his co-workers in 2006. DLLME technique is simple, low 
cost, fast, efficient and meets the developmnet requirement of green chemistry. The 
using of ionic liquids as extracting solvent in DLLME makes it more environmentally 
friendly. 

In this work, a new simple, fast, effective and enviromentally friendly 
determination method was developed for mercury(II). This method includes the 
preconcentration of Hg(II) from aqueous samples using ionic liquid based DLLME 
after derivatization with Fe(II) phthalocyanine. In the first step of this study, the 
complexation between Hg(II) and Fe(II) phthalocyanine was examined in detail after 
synthesis of phthalocyanine complex. Then the complex stoichiometry was defined 
and the complexation conditions such as pH, ligand concentration and reaction time 
were optimized.  

In the second step of this study, the IL-DLLME procedure for Hg(II) was studied 
after derivatization with Fe(II) phthalocyanine. Firstly, extraction solvent as an ionic 
liquids and dispersive solvent were selected. Then volumes of extraction and 
dispersive solvents ,effect of centrifuge of conditions, effect of salt concentration, 
selection of anti-sticking agent and its concentration and effect of coexisting ions were 
determined. So, in the light of above mentioned parameters the proposed method was 
optimized. Then, the new method was applied to the real water samples. Finally, the 
validaiton parameters were determined. 
 

 
Keywords: Mercury, DLLME, ionic liquids, Fe(II) phthalocyanine. 
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It is now well established that the use of femtosecond pulses improves drastically the 
quality of ablation and so the analytical performances associated. Indeed, the low 
thermal effect and the production of nanometric particles reduce the fractionation 
effect and allow obtaining accurate and precise results. The particularity of our 
femtosecond laser ablation system is its ability to produce high repetition rate pulses 
up to 300 kHz. Combined with a scanning beam device, our system allows virtually 
modifying the shape of the laser beam. The laser beam (of less than 20µm) can be 
moved rapidly with high precision in order to ablate quasi simultaneously surfaces of 
up to several millimeters, inducing better detection limit. Different patterns can be 
ablated and the shape of the beam can be adapted to the sample. During this 
presentation, we will show several examples where the uncommon characteristics of 
our system are exploited. From environmental or forensic applications to organic 
analysis, the potential of the high repetition rate femtosecond laser ablation system 
will be demonstrated. 

 
Keywords: femtosecond laser ablation, high repetition rate, virtual laser beam shaping 
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The Pitinga mine has a complex mineral composition which is unique in the world. At 
present, it is the largest Sn producer in Brazil; Nb and Ta are important co-products; F, 
rare-earth elements, Zr, Th, U and Li are also potential sub-products. Cryolite (Na3AlF6) 
mineralization occurs in two types: as disseminated (110 million t low ore grade) and 
as massive ore (10 million t high ore grade). Hydrogen fluoride (HF), the most important 
manufactured fluorine chemical, is produced by reacting fluorite (CaF2) with 
concentrated H2SO4. This work investigates the recovery of HF from Pitinga cryolite 
(97% wt. Na3AlF6) by leaching with concentrated H2SO4. The reaction was carried out 
in an oil bath in a Teflon vessel attached to polypropylene bottles to collect the gaseous 
effluent. A full factorial design was used to select the most important variables. It was 
developed with two levels and three factors: temperature (80 or 120 ºC), time (1 or 4 
h) and acid to ore ratio (1.6 mL g-1 or 2.4 mL g-1). Temperature and leaching time 
presented significant statistical effects. Temperature (from 100 to 140 °C) and time 
(from 3 to 5 h) were investigated. The amount of insoluble matter varied from 4 to 17 
wt%. Leaching increased as temperature also increased. Time did not show a 
significant influence. The x-ray diffraction of the insoluble residue showed the absence 
of cryolite, but other insoluble aluminum fluorides were identified. They may be formed 
from the change of the original cryolite. 
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Novel nanomaterials commonly referred to quantum dots (QDs) offer potentially 
invaluable societal benefits such as drug targeting or in vivo biomedical imaging, 
however they may also pose risks to human health and the environment. QDs which 
are nanoscale semiconductors with fluorescent properties may interact with living 
organisms by crossing cell membranes. The most common QDs, are composed of 
cadmium and selenide (CdSe), two toxic elements, generally coated with ZnS. Their 
toxicity depends on multiple factors derived from both individual QD physicochemical 
properties and environmental conditions: The outer coating bioactivity (capping 
material, functional groups), and oxidative, photolytic reactivity may cause stress or 
strong toxicity to microorganisms.  
The project QUADOS was recently financed by the French national research agency 
(ANR) to elucidate the fate and the effects of QDs in soils at molecular-scale. 
Researches aim to investigate possible modifications of soils biofilm composition and 
functions. High-resolution LC-MS analyses (UHPLC-Q-TOF) are used to determine 
the fingerprint of pure “monospecies” biofilms under different concentrations and 
coating of QDs. Results are discussed in terms of variation of the fingerprints and 
nature of the changing compound. 
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Discrimination of rare earth elements (REE) is a useful tool in geochemical 
fingerprinting and health related studies. For this task, inductively coupled plasma 
optical emission spectrometry (ICP-OES) is widely used, but due to naturally low 
occurrence of REEs; their enrichment prior to analysis is mandatory. For this purpose, 
several enrichment methods have been reported in literature, in which solid phase 
extraction (SPE) is the most feasible one. Nevertheless, some disadvantages of SPE 
gives reason to apply an improved extraction process named dispersed particle 
extraction (DPE), whereby self-made functionalized silica particles adsorb the analyte 
ions. For analysis the analyte containing particles were injected into the plasma 
without any prior elution, resulting in higher recoveries and better reproducibility. 
In the present work, Co2O3@SiO2@[P66614][BEHPA] is used for first time as an 
adsorbent which consists of silica coated magnetic nanoparticles covered by an ionic 
liquid (IL) which acts as an ion exchanger. For sample analysis the magnetic particles 
were suspended in the sample solution, after adsorption of the REE the suspension is 
directed through a magnetic trap, thereby the particles were retained and efficiently 
separated from the sample solution. After a wash step the magnetic field of the trap is 
switched off, and the released particles were transported with a carrier solution into 
the ICP-OES. To improve reproducibility and sensitivity of analysis sample enrichment 
and measurement has been performed using a Flow-Injection procedure which has 
been coupled online to the detection system.  

 
Keywords: ICP-OES, flow injection analysis, dispersed particle extraction, magnetic nanoparticle, 
rare earth elements, ionic liquid. 
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A mercapto compound, 3-amino-5-mercapto-1,2,4-triazole (AMT), was 
self-assembled on silver nanoparticles and used as modifier to construct a modified 
screen-printed electrode. The self-assembled ionophore exhibits a high selectivity for 
lanthanum ion (La3+), in which the sulfur and nitrogen atoms in their structure play a 
role as the effective coordination donor sites for the lanthanum ion. The proposed 
potentiometric method was based on the fabrication of modified sliver 
nanoparticles-screen-printed (SNPs-MSPE) and modified screen-printed with AMT 
(MSPE) sensors. The sensors have characteristic performance with working 
concentration range of 1.0×10-6 - 1.0×10-2 and 1.0×10-8 - 1.0×10-1 mol L-1 and a 
Nernstian slope of 17.47±0.08 and 20.2 ±0.12 mV decade-1 of lanthanum activity for 
MSPE and SNPs-MSPE, respectively. The detection limit was found to be 1.95×10-7 

and 1.50×10-9 mol L-1 and potential response was pH independent across the range of 
3.5-.8.5 and 3.0-.9.5 for MSPE and SNPs-MSPE, respectively. It exhibited a quick 
response time of 9 and 5s and could be used for a period of 4 and 6 months for MSPE 
and SNPs-MSPE, respectively. The selectivity coefficients indicate excellent 
selectivity for lanthanum over many common cations and anions. The application of 
prepared sensors has been demonstrated for the determination of lanthanum ions in 
spiked real water samples. The results obtained were compared well with those 
obtained using inductively coupled plasma atomic absorption spectrometry 
(ICP-AES). 

 
Keywords: Modified screen-printed electrode; Silver nanoparticles; lanthanum ion; Mercapto 
compound. 

P135

317 sur 745



 
 

DISPERSED PARTICLE EXTRACTION FOR THE STRAIGHT-FORWARD 
QUANTIFICATION OF IRON IN SEA WATER 

 
Winfried Nischkauer1,2, Katharina Bica3, Frank Vanhaecke2, and Andreas Limbeck1 
 
1 Institute of Chemical Technologies and Analytics, Vienna University of Technology, Vienna, 1060, Austria 
2 Department of Analytical Chemistry, Ghent University, Ghent, 9000, Belgium 
3 Institute of Applied Synthetic Chemistry, Vienna University of Technology, Vienna, 1060, Austria 

 
In many regions of the oceans, nutrients are available abundantly. However, iron is a 
limiting factor for phytoplankton growth, as it has only a low solubility in sea-water. 
Quantifying iron in sea-water is therefore essential for understanding bio-mass cycles 
in the oceans. 
As mentioned above, iron-concentrations in sea-water are low (around 0.5 µg L-1). It is 
difficult to reliably quantify such low iron-concentrations in a saline matrix: 
inductively-coupled plasma (ICP) optical emission spectrometry (OES) is hampered 
by its sensitivity, whereas ICP mass spectrometry (MS) suffers from the high salt-load. 
To overcome this challenge, two analytical strategies can be applied: analyte 
pre-concentration or matrix separation. Conventionally, both are achieved via 
solid-phase extraction (SPE), but, in spite of being well-established, SPE suffers from 
low sample throughput. 
To overcome this, dispersed particle extraction was applied in this contribution. Here, 
a sorbent material is suspended directly in the liquid sample. After retention of the 
analytes on the sorbent surface, the micrometer-sized particles are separated from 
the surrounding solution by centrifuging and decanting the supernatant. Then, the 
analyte is re-mobilized from the sorbent surface by a pH-shift. The obtained clear 
solution is then analyzed. Thus, no packed beds like in column-SPE are required. This 
brings the advantage of fast sample throughput. 
In the here presented analytical set-up, quantification of iron in seawater was 
achieved with dispersed particle extraction using cellulose coated with a task-specific 
ionic liquid. The method was validated by spike-recovery experiments, as well as by 
analysis of NASS-6 certified reference material. 
 
Keywords: dispersed particle extraction, iron in sea-water, analyte pre-concentration, ionic 
liquid 
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Abstract  
Physico-chemical parameters and heavy metal (Cd, Cr, Hg and Pb) concentrations were determined 
in wastewater, sediment and soils collected from Nassarawa-Kainji artisanal gold processing area. 
Gold bearing rocks excavated from other areas within Mashegu and Borgu LGAs are brought to 
Nasarawa-Kainji for crushing, grinding, washing and extraction of gold. After washing, the 
processors combine mercury with gold-carrying silt to form a hardened amalgam which contains 
most of the gold. The amalgam is consequently heated over an open flame to evaporate the mercury, 
leaving the gold pieces. Water, sediment and soil samples were each collected from ten randomly 
selected washing ponds and sites. Physico-chemical parameters were analyzed using standard 
methods while heavy metal concentrations were determined after sample digestion with Varian 
AA240 Flame Atomic Absorption Spectrophotometer (FAAS). Hg was analyzed with the vapour 
generation accessory (Varian VGA 77) with closed end cell. Results show that metal levels 
accumulated to high levels in samples from the three environmental compartments. Concentrations 
of Cr, Pb and Hg were significantly higher (P<0.05) in soil samples than in wastewater and sediment 
samples. There is urgent need for regulation and remediation measures to be initiated in the area. 
 
Keywords: Wastewater, sediment, soils, physico-chemical, metals,  
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Denitrification is the most important mechanism of nitrogen loss in the ocean. The 
dissimilatory reduction of nitrate exhibits a significant organism-level nitrogen isotope 
fractionation, with 14N-bearing nitrate being preferentially consumed by the denitrifying 
organism, leaving the residual nitrate pool enriched in 15N. Thus, the isotopic 
composition of marine nitrate can be used to identify denitrifying environments and, 
when combined with ocean circulation and nutrient data, can provide quantitative 
constraints on regional denitrification rates. 
Nitrogen and oxygen isotope ratios of nitrate provide a powerful tool to investigate 
nitrate sources and cycling mechanisms. The analysis of nitrate for both δ15N and 
δ18O allows improved discrimination among potential sources and reaction 
mechanisms. 
In our time, δ15N–NO3- and δ18O–NO3- in nitrate can be measured according to three 
analytical methods: two ‘denitrifier methods’ requiring Isotope Ratio Mass 
Spectrometry (IRMS) analysis of N2O gas generated by bacterial or chemical means, 
and a procedure known as the ‘ion-exchange resin method’ whereby NO3- is extracted 
from freshwater and converted into solid silver nitrate that is analysed by IRMS. Minor 
modifications have been adopted by some to ease the sample preparation, one of the 
most significant changes being the precipitation of O-bearing contaminants (mainly 
sulphate and phosphate) with barium chloride prior to passing water through an 
anion-exchange resin so that AgNO3 is ready for both δ15N and δ18O analyses. 
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The presence of mercury in the biotic and abiotic factors of the Amazon region has 
been studied for several years. Today we know that the presence of this element 
occurs both by human activities (prospecting), as natural (weathering of rocks). The 
bioaccumulation of mercury is a serious problem for the ecosystem, the human being 
is the subject of study, because contamination with mercury can lead to serious health 
problems and even death, this contamination occurs mainly from the feeding fish. The 
search for a biomarker for toxicity of mercury present in the muscle and liver of fish 
consumed in the region is of great importance to monitor and seek solutions to the 
issue. Thus, this paper presents the results of mercury fractionation in muscle and 
liver tissue of dourada (Brachyplatystoma rousseauxii) of the Madeira River- Amazon 
region/Brazil. The proteome of the muscle and liver tissue was separated by 
two-dimensional polyacrylamide gel electrophoresis (2D PAGE). The mercury present 
in the protein spots was determined by graphite furnace atomic absorption 
spectrometry (GFAAS) after acid mineralization in an ultrasound bath. The protein 
spots in which the presence of mercury was detected were characterized by 
electrospray ionization tandem mass spectrometry (ESI-MS/MS) after tryptic digestion. 
The GFAAS determinations indicated that 65% of the mercury is linked to the protein 
fraction with a molar mass (Mm) lower than 20 kDa. The mercury concentrations in 
the sixteen spots in which this protein fraction was present were in the range of 11.40 
to 66.80 mg g-1. Based on the mercury concentrations, it was possible to estimate that 
protein spots contain approximately one to four mercury atoms per protein molecule. 
The ESI MS MS analysis allowed the characterization of the sixteen protein spots as 
the following proteins: protein NLRC5 (molar mass = 18.10, pI = 6.30);  39S ribosomal 
protein L36 mitochondrial (molar mass = 15.40, pI = 8.23); N-alpha-acetyltransferase 
20 (Mm = 15.95, pI = 8.80); Mth938 domain-containing protein (Mm = 15.01, pI = 9.60); 
ubiquitin-40S ribosomal protein S27a (Mm = 9.80, pI = 7.60); parvalbumin alpha  (Mm 
= 12.40, pI = 3.80) and parvalbumin beta (Mm = 13.10, pI =3.45).  

 
Keywords: Metallomics, Biomarkers, 2D-PAGE, GFAAS. 
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Thallium (Tl) is a transition metal that is used in special applications in pharmaceutical 
industry, glass manufacturing and electronic industry. Major anthropogenic emission 
sources of Tl are coal-burning power plants and smelters of copper, lead, and zinc ores 
and in some degree waste incineration plants. Due to the high toxicity of thallium its 
emission is strictly controlled in order to avoid contamination of the environment and 
prevent health damage. In the German Waste Water Regulation a maximum 
permissible value of 50 µg Tl L-1 wastewater is given. Authorised measurement 
techniques, which are listed in the Regulation, include AAS, ICP-OES and ICP-MS. 
However, practical experience has shown that the resulting values of the different 
methods are not comparable and reliability is therefore questioned. Therefore, a new 
analytical method based on another technique - total reflection X-ray fluorescence 
spectrometry (TXRF) – was developed and compared with the established methods. 
For this purpose, several internal standards were tested, sample preparation and 
measurement parameters were optimized. Recovery experiments in Tl-spiked 
simulated wastewaters yielded a recovery rate of 102.6 ± 14.3 %. In an interlaboratory 
exercise five different real wastewater samples from a European waste incineration 
plant were investigated by the new TXRF method and by ICP-MS, ICP-OES, and GF-
AAS. The results obtained by the newly developed method, ICP-MS, and GF-AAS 
analysis agreed very well. Whereas determination of Tl traces in wastewaters by 
means of ICP-OES led to systematic minor recoveries. 
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Dumped materials were deposited in large quantities during the production of 
chemicals over more than a century in the banks of River Ebro in the industrial area of 
Flix. Mercury was release from the chemical plant for production of chlorine and 
caustic soda by an electrolytic process using a mercury cell. The state-owned 
company “Aguas de las Cuencas Mediterráneas, S.A.” (Acuamed) is leading this 
decontamination project to eliminate the chemical pollution of the reservoir at Flix. An 
enclosure was created to isolate the contamination sources from other environmental 
compartments and to achieve a qualitative and quantitative assessment of the 
problem. 
In this work, total mercury contents were investigated in waters, air and sewage 
sludges in an area affected by the release of mercury. Mercury concentrations below 
0.5 µg.L-1 were found in waters from i) the river, ii) river-enclosure sheet piles and iii) 
wastewater treatment plant. Higher Hg concentrations close to 30 µg.L-1 were 
determined in water from the enclosure during some dragging processes. Hg vapor 
emissions were also measured by pumping air through hopcalite type sorbent tubes 
and subsequent digestion as well as Hg vapor in air was determined by capturing 
using potassium permanganate impringer solutions. The highest Hg concentrations 
were found in the sewage sludges from the enclosure, though these presented a high 
variability depending on the spatial and temporal origin of the collected samples. 
Threshold values required and controlled by the competent authorities were not 
exceeded in any of the vectors since the beginning of the decontamination works. 
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The hazardous waste deposits with high contents of risk elements can represent 
potential environmental risk via potential penetration of these elements into soil and 
vegetation. In our case, former deposit of galvanic sludges in Dolní Lipka, Czech 
Republic, was investigated. The deposit was temporary remediated by thick layer of 
soil cover. The stratification of risk elements within soil profile was determined where 
the soil samples were collected in depths 0–10 cm, 10–40 cm, 40–70 cm, 70–100 cm, 
and 100–140 cm. The soil samples were extracted with Aqua regia and 2 mol.L-1 
solution of HNO3 to determine pseudototal and potentially mobilizable contents of risk 
elements, respectively. The concentrations of elements (As, Cd, Cr, Cu, Mo, Ni, Pb, 
and Zn) in the extracts were determined by inductively coupled plasma - optical 
emission spectrometry (ICP-OES). For total contents of Hg single purpose atomic 
absorption spectrometer with in situ thermal sample decomposition was applied. 
According to the results, the elements can be divided into three groups: i) low levels of 
elements within whole profile – As, Cr; ii) high levels of elements concentrated in the 
deepest layer of the soil without significant penetration to the upper layers – Cu, Mo, 
Pb, Ni; and iii) high levels of the elements penetrating to the upper layers of the soil – 
Cd, Hg, Zn. The third case poses serious environmental risk requiring more intensive 
investigation of the bioavailability of these elements at the site and subsequently 
permanent remediation of the deposit. 

 
Keywords: hazardous waste, soil layers, risk elements, mobility 
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This study which was performed seasonally between February 2012 and February 
2013 aimed to investigate accumulation of heavy metals (Co, As, Cd, Mn, Fe, Cu, Zn, 
Ni, Pb, Cr) in water and sediment of the five streams(Aksu, Baltama Boğacık, 
Camiyalısı, Büyük Güre), which are merge the Black Sea flowing through  central 
Giresun. The heavy metal analysis of the samples collected from the determined 
stations were carried out using ICP-MS . Heavy metal concentrations in water were 
found as Cd:1.0656 , Mn:0.2996, Fe:0.6434, Cu:0.2917, Zn:0.4432, Ni: 0.0356, 
Pb:3.9940, Cr:0.0344 ve Co:0.0139 mg/l and in sediment as Cd:14.3834,Pb:63.8915 
Mn:443.844, Fe:3009.,88 , Cu:148.9627 , Zn: 497.1485 , Ni:100.9963, Cr:170.4174 , 
Co:137.3307  mg/kg respectively. 

 

 

 

 

Key Words: Giresun, sea water, sediment, heavy metals 
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The measurement of contaminants does not bring complete answers about the real 
effects that these substances may be causing the organisms. The identification of 
biomarkers related to mapping and metalloproteins expression associated with 
contaminants may help to elucidate the dynamics of various elements in the 
environment indicates previously possible contamination risks of environmental 
resources and be a basis for development of neutralizing mechanisms of its effects. 
Thus, this study sought to identify possible mercury exposure biomarkers in tucunares 
the Negro river through metalloproteomics methods were initially determined the total 
mercury concentrations in muscle tissue of tucunares caught in rivers and 
hydroelectric reservoirs. They were in a little independent variation of the sampling 
site and some were above the maximum limits set by Brazilian law. The 
concentrations increase following: Cana Brava reservoir < Balbina reservoir < 
Madeira river < Purus river < Tucuruí reservoir < Apuau river < Solimões river < Negro 
river. Samples of the Negro river were selected for definition of a protein biomarker by 
two-dimensional electrophoresis (2D-PAGE). Mercury was determined in 15 spots 
protein with molecular weight of 20.10 kDa below, and approximately 13.9% of the 
mercury in certain muscles of the tucunares was also present in the protein spots. 
Stoichiometric calculations show a low ratio of mercury atoms relative to the number 
of molecules. The results indicate that the protein spots with molecular weight below 
20 kDa are capable of supporting characterization studies of metalloproteins 
candidate biomarkers of mercury in fish. 
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In the area of the Antarctic Peninsula, soil development has begun after the latest 
deglaciation, approx. 9500-6000 years ago. The soils in the newly deglaciated areas 
carry the crucial information about the current state of the environment. However, 
studies concerning their properties are still scarce. This work follows the recent 
studies focused on mercury levels and speciation in the area of James Ross Island, 
Antarctica (JRI). It was previously reported that mercury contents in soils of JRI are 
relatively low, at levels of nanogram per gram. Inputs are limited to surface erosion, 
marine aerosol and biogenic activity. The biogenic activity in the Antarctic is rare, 
however it can represent locally significant mercury source. This work focuses on the 
input from unusual and locally-important sources – decaying bodies of dead seals. 
Seals' carcasses occur in unusually high numbers in the northern part of JRI. 
Decomposing bodies represent rare input of organic matter with associated elements 
into the nutrient-poor Antarctic soils. It is known that the mercury concentrations in 
seals are high owing to their high position in the trophic chain. The main goal was to 
estimate importance of mercury input, speciation and its fate in the environment. The 
contents of mercury in underlying soils were found to be several times higher than 
the background levels. Speciation of the mercury was also investigated. According to 
the results, seal mummies represent significant source of the mercury in observed 
area.  
Acknowledgement 
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Classical waste water treatment plants are not able to remove drugs in their entirety 
from water resulting in a discharge of pharmaceuticals in surface water. The 
uncertainty about their long-term environmental and health effects has raised the 
interest to remove them from waste water. Therefore, appropriate analytical methods 
to evaluate their presence, degradation and removal are necessary. To accelerate and 
simplify the screening of pharmaceuticals and their metabolites that often have a large 
variety in polarity, a new generic methodology has been developed. For this purpose, a 
UHPLC system equipped with an automated column coupler with two switching valves 
is employed to connect HILIC and reversed-phase columns in series. Solid-phase 
extraction was performed to obtain sufficiently low detection limits and a compatible 
sample matrix prior to injection on the HILIC column. Apolar compounds are not 
retained on a HILIC column and will elute close to or within the void volume. Accurate 
switching of the valves allows redirecting these compounds towards a trap loop while 
more polar compounds are retained and separated on the HILIC column. After analysis 
of the polar compounds, the configuration of the valves is switched again to direct the 
apolar compounds from the trap loop towards a reversed-phase column for separation. 
To deal with the incompatibility of the mobile phases of HILIC and reversed-phase 
separations, commercially available Jet Weaver mixers are included in the set-up 
allowing an intermediate solvent exchange.  

 
Keywords: HILIC, reversed phase, column coupling, water analysis  
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Synthetic dyes are being increasingly used in the textile, paper, cosmetics, leather 
dyeing, color photography, pharmaceutical and food industries. These compounds are 
classified as azo, anthraquinone, heterocyclic, triphenylmethane or phthalocyanine 
dyes and they are causing serious environmental pollution. Most of them are toxic, 
mutagenic and carcinogenic. Moreover, they are unusually resistant to degradation. 
Decolorization of these dyes by physical or chemical methods including adsorption 
and precipitation methods, chemical degradation or photodegradation have financial 
and methodological disadvantages [1,2]. 
In this study, white rot fungus M. esculenta was immobilized on to five different 
support materials (gelatin, polyurethane, kaolin, Ca-alginate, cellulose). 
Biodecolorization of Reactive Orange 16 (RO16) was investigated and the data were 
compared for all immobilized cells. Polyurethane was selected as immobilization 
support material for the best dye removal (dye concentration: 10 mgL-1, 90.38%) in 
agitated system. At the end of the biodecolorization,  samples (10 mgL-1) was 
analyzed to FT-IR and GC-MS for identify any possible metabolites. When the 
obtained datas were examined,  any metabolites was not found. As a result, 
immobilized M.esculanta (on to Polyurethane) could be used  the wastewater 
bioremediation. 
 
Keywords: Morchella esculanta, Biodegradation, Reaktif Orange 16, Immobilization. 
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Decades of research have provided the scientific foundation for understanding the 
role of the environment in disease. For many pollutants, scientists know with some 
certainty that exposure to these pollutants, at sufficiently high concentrations; can 
cause a variety of health effects. For other pollutants, where scientific evidence is less 
conclusive, scientists can only establish an “association” between exposure and 
health problems. Some effects on health may be short-term and reversible, such as 
irritated eyes from smog. Other effects, such as emphysema, heart disease, and 
cancer are chronic or even fatal. Some effects may appear shortly after exposure. 
Others, such as cancer, may require a long lead time before the disease appears. In 
many cases, pollution likely is just one of several factors—including diet, exercise, 
alcohol consumption, and genetic make-up—that influence whether an exposed 
person will ever become sick. Further complicating the picture is the fact that several 
segments of the population may be at higher risk for damage or disease from 
environmental pollutants. Potentially sensitive groups include children; older 
Americans; people with existing health problems such as diabetes, respiratory 
disease, or heart disease; and persons with compromised immune systems, including 
those who have HIV/AIDS or are undergoing cancer chemotherapy.  Many studies in 
people have demonstrated an association between environmental exposure and 
certain diseases or other health problems. Examples include radon and lung cancer; 
and cancer arsenic in several organs; lead and nervous system disorders; 
disease-causing bacteria such as E. coli O157: H7 (e.g., in contaminated meat and 
water) and gastrointestinal illness and death; and particulate matter and aggravation 
of heart and respiratory diseases. The effect of some pollutants is suggested to study 
their effects on the environment of Erbil City. 
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The presence in the environment of compounds potentially harmful to animal and 
human health has been raising concern over the years. Antibiotics constitute a large 
group of pharmaceuticals which extensive use may result in the contamination of the 
different environmental compartments. Among antibiotics, fluoroquinolones are one of 
the groups most frequently detected in aqueous matrices. 
Having this in mind, the major aim of this work was the development of a screening 
method for the rapid determination of fluoroquinolones in waters, based on automatic 
solid phase extraction (SPE) coupled to fluorimetric detection. SPE procedure was 
implemented using a molecular recognition strategy. Hence, a flow-through column, 
containing a molecularly imprinted polymer (MIP) as sorbent, was incorporated to a 
multisyringe flow injection system (MSFIA), where all the steps from sample loading to 
analyte elution were controlled by computer programming. Different SPE parameters 
were tested and evaluated, namely sample volume, washing volume for matrix removal, 
eluent volume and flow rate. The proposed flow based strategy was established for 
three fluoroquinolones, particularly norfloxacin, ciprofloxacin and enrofloxacin and it is 
our goal to extend its application for the monitorization of other fluoroquinolones. 
Moreover, method validation is currently under development, comprising application to 
real samples. 
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Endocrine disrupting compounds interfere with the body’s endocrine system and 
produce adverse effects. Consequently several hormones are routinely monitored by 
the US EPA in drinking water as part of the Unregulated Contaminant Monitoring Rule 
program (UCMR3). It requires extremely challenging sub ng/L reporting levels that are 
typically achieved using time consuming SPE. A fast, selective and highly sensitive 
method has been developed using a direct high volume injection cycle with a fully 
optimised LC-MS/MS. This method reaches the required reporting levels without the 
need for extensive sample preparation using conventional SPE methods. The target 
hormones included are: estrone, estriol, 17-α-estradiol, equilin, androstenedione, 
testosterone and 17-α-ethynylestradiol. Ammonium fluoride as an aqueous mobile 
phase additive was found to significantly improve response for all studied hormones in 
comparison to ammonium hydroxide, which is the currently recommended in EPA 
method 539. LOD  were calculated based on the detection limit calculation described 
by EPA Method 539. Using the developed method on the LCMS-8050, detection limits 
ranged from 0.0058 ng/L for testosterone to 0.33 ng/L for 17-α-Ethynylestradiol. 
Linearity was assessed from 0.5 times the required reporting level to 100 times the 
reporting level. All seven hormones achieved excellent correlation coefficients greater 
than R2>0.999, using external standards for quantitation, a linear fit and a 1/C weight. 
Peak area reproducibility (n=8) was assessed at the reporting level and a high 
concentration. At the low concentration repeatability was < 4.3 %RSD, with the 
exception of 17-α-Ethynylestradiol (12.2 %RSD). At the high concentration 
repeatability was < 3.9 %RSD for all compound. 

 
Keywords: Hormones, Water, LC-MSMS, Environmental 

 

 

P150

332 sur 745



Fast and sensistive analysis of drug residues in water using on line SPE-
UHPLC-MS/MS with ultra fast polarity switching  

 
S. BAUMGARTEN1, M. LEVI1, S. MOREAU2 
 
1Shimadzu France, Paris, France 
2Shimadzu Europa Gmbh, Duisburg, Germany.  

 
As monitoring of drug residue in drinking and surface water is becoming of major 
concern in western countries, the environmental laboratories must face the inçrease in 
analysis request as well as the increase in the number of compound to be screened. 
In parallalel, as long as no consensus as been found on regulatory reporting levels, 
the assay sensitivity must be very high to not miss any compound. Thus, laboratories 
need a simple, rapid, reliable, sensitive and cost effective method to screen and 
accurately quantitate drug residues in a variety of warer samples. A method was then 
set up to fulfill these requirements. On line SPE is a useful tool to enable large sample 
volume imjections. But due to the chemical diversity of target compounds, sample 
clean up can not be pushed too far to not lose polar compounds. Then matrix effect or 
ion suppressn can be problematic for accurate quantification. Then, a very sensitive 
Mass Spectrometer as well as very efficient chromatography were necessary to 
compensate the relatively low sample volume injection. The method presented is able 
to screen and accurately quantitate around 150 drugs or metabolites in about 10 
minutes (including sample preparation). Compounds were from diverse 
pharmaceutical classes like NSAIDs, steroids, antibiotics, psychotropics or 
antidepressants. Ultra fast polarity switching was found to be essential to ensure data 
quality. Validation results are presented, including accuracy in several matrices, as 
well as a comparison with a direct injection method. 
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Due to its widespread use as broad-spectrum herbicide, Glyphosate is a common 
contaminant of aquatic and terrestrial ecosystems. Several studies suggest toxic 
effects after exposition to glyphosate. Besides, the impact of glyphosate on oxygen 
reactive species formation and the effect on necrosis and apoptosis in various types 
of cells has been recently demonstrated. For these reasons, reliable analytical 
methods are mandatory to assess the exposition to glyphosate contamination in 
environmental samples. For control of Glyphosate levels several analytical 
methodologies have been proposed. However, most of these analytical 
methodologies require a succession of additional discrete which may all be prone to 
errors and demand high skilled analysts, time and money which severely hamper that 
these methodologies can be implemented for routine analysis 
This work proposes the evaluation of fluorescence spectroscopy coupled to 
second-order multivariate calibration for glyphosate determination in aqueous 
environmental samples. Several second-order algorithms and fluorescent probes 
were evaluated and the best results were obtaining by using Unfolded Partial Least 
Squares-Residual Bilinearization (UPLS-RBL) and 9-Fluorenylmethoxycarbonyl 
chloride (FMOC-Cl), respectively. The multivariate model was validated analyzing an 
independent test set and reaching prediction errors of 10 up to 14% and detection 
limits of 2.2- -1. The effect of different potential interferences evaluated. 
Finally, the proposed methodology was applied to spiked real water samples with 
satisfactory results. Besides, the method showed to be free of matrix demonstrating 
the analytical potential of the proposed methodology for analysis of contaminated 
water samples. 

 
Keywords: Glyphosate, Multivariate calibration, Fluorescence spectrocopy 
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The presence of pharmaceuticals in aquatic environments has been reported in many 
scientific studies, with antibiotics being amongst the most studied compounds. 
Antibiotics can enter the aquatic environment in many ways: from the production of 
pharmaceutical chemicals, excretion of residues after usage, and inappropriate 
discarding of unused medicines. Sulfonamide antibiotics are widely used for 
therapeutic and prophylactic purposes, in both human and veterinary medicine. 
Sometimes as growth promoter additives in animal feed. The detection, in water wells, 
of sulfonamide antimicrobials approved strictly for use in veterinary medicine provides 
evidence of groundwater contamination from an animal waste source. A new 
methodology for determination of sulfonamides (sulfaquinoxaline, sulfathiazole and 
sulfadimethoxine) in water samples was developed by coupling an automated 
multi-pumping flow system (MPFS) with a liquid waveguide capillary cell (LWCC, 
pathlength 100 cm) and a spectrophotometric detector. The method is based on the 
reaction between sulfonamides and p-dimethylaminocinnamaldehyde (p-DAC) in the 
presence of sodium dodecylsulfate (SDS) in dilute acid medium (hydrochloric acid), 
with measurement of the reaction products at 565 nm. Experimental design 
methodology was used to optimize the analytical conditions. The linear range 
obtained was 10.0 to 130.0 μg L-1, and detection (LOD) and quantification (LOQ) limits 
were 3.1 and 10.1 μg L-1, respectively. The method was successfully applied to the 
analysis of sulfonamides in water samples. By coupling the multi-pumping flow 
system with the LWCC, the sensitivity was enhanced, reagent consumption was low, 
and waste generation was minimized. The results obtained with the proposed method 
were confirmed by LC-MS. 

 
Keywords: Sulfonamides, Liquid waveguide capillary cell, Multi-pumping, eco-friendly 
method. 
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The presentation highlights some of the novel developments and applications in 

sample preparation for environmental analysis from our research group. Examples 

that will be given include the possibility of combining membrane assisted solvent 

extraction and molecularly imprinted polymers for selective extraction of triazines in 

plant materials and PAHs in wastewater and sludge samples. Further the 

combination of miniaturized Soxhlet extraction with molecularly imprinted polymers 

for selective extraction of PAHs in sludge samples is demonstrated. The results for 

the combination of membrane assisted solvent extraction with molecularly imprinted 

polymers as an example have shown remarkable selectivity compared to single 

formats alone. This was also further demonstrated in the extraction of PAHs in sludge 

samples. Our results suggest that the combination of membrane assisted solvent 

extraction with molecularly imprinted polymers or Soxhlet extraction combination with 

molecularly imprinted polymers is a best approach to extract compounds in complex 

samples. The combination produces synergy in selectivity in a single step. 

 

Keywords: Combination, membrane assisted solvent extraction, molecularly 

imprinted polymers, selectivity, synergy, environmental analysis 
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The occurrence of 77 pharmaceuticals and antifungal residues in Danube river on 
Romanian territory was studied by using solid-phase extraction (SPE) and LC-Q 
Exactive Orbitrap high resolution MS in both full scan (FS) and targeted ion 
fragmentation (t-MS2) modes. A single-laboratory validation procedure was carried out 
evaluating selectivity, sensitivity, linearity, precision and accuracy. The method 
showed satisfactory analytical performance. The evaluation of the recovery concluded 
that 65% of the compounds show recoveries higher than 85% and 9% of compounds 
show recoveries between 85% and 60%. Ten compounds including neomycin, 
doxycycline, ibuprofen, paracetamol, were not detected in the water sample. The level 
of detection was lower than 5 ng l-1 for 63% of the detected compound, between 5 and 
10 ng  l-1 for 22%  and between 10 and 25 ng  l-1 for 14% of the compounds. The 
coefficients of determination  R2 were higher than  0.9900 for 78% of the detected 
compounds, over a linearity range of 2.5–50 ng l−1.  
Twenty samples of Danube water and three of the main effluents were collected in 
May, July, August and October 2014. The results show a high contamination with 
pharmaceutical residues of the Danube river and its effluents. Twenty-three 
compounds were identified and quantified in the selected samples such as 
sulfamethoxazole, tylosin, indomethacin, ketoprofen, piroxicam, together with 
antifungals like thiabendazole, carbendazim. Diclofenac was determined in higher 
concentrations of 166 ng l-1 and 76 ng l-1.  Carbamazepine was identified in 17 
samples, with a higher concentration of 40 ng l-1.  

 
Keywords: Danube River, pharmaceutical residues, antifungals, high resolution, Orbitrap 
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Ionic liquids (ILs) raised interest as potential alternative to conventional organic 
solvents by its initial labeling of “green solvents”. The noteworthy characteristics of 
these neoteric solvents led to remarkable increase in their application in analytical 
procedures in academia and industry, such as extraction, catalysis, electrochemistry 
and chromatography. 
Despite the ILs present low risk of atmospheric pollution, the assumption of low 
environmental impact of these compounds has been questioned by some authors. 
Water contamination, e.g. should be considered, since they present some solubility in 
water. Therefore it is essential the toxicological study of these compounds before their 
release to the environment, avoiding unknown long-term consequences. Thus, in this 
work we intended to evaluate the (eco)toxicity of some ILs to three different 
freshwater organisms and compare with two organic solvents. 
The bioassays were performed by exposing the organisms to increasing 
concentrations of ILs and observation of Daphnia magna immobilization, Raphidocelis 
subcapitata growth inhibition, and morphological effects, or mortality in Hydra 
attenuata. The results demonstrate that the tested organisms are not equally 
susceptible to ILs, e.g. bmpyr [BF4] was the least toxic compound for R. subcapitata, 
N1,1 [N1,1,1OOH] for D. magna and emim [Tf2N] for H. attenuata, what highlights the 
importance of applying a battery of assays in toxicological analysis. Additionally, H. 
attenuata proved to be the most tolerant specie to the tested ILs. ILs revealed to be 
more harmful to aquatic system than the organic solvents tested, reaffirming the need 
to analyze carefully the (eco)toxicological impact of these compounds. 
 
Keywords: Ionic liquid, conventional organic solvents, toxicity. 
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The issues of microbial deteriorations and degradations of synthetic polymers and 
related compounds are one of the most important fields of modern biotechnology. The 
increasing rate of production and use of synthetic polymeric materials initiated many 
essentially important problems dealt with environment control and rational application of 
polymers. The biodegradability of herbicides and pesticides is going to be the main 
criteria for their production and harmless use. In this respect microbiological processes 
for destruction and inactivation of polymeric wastes and related toxic substances have 
many advantages and perspectives for practical realization. As a rule, they are based 
on R&D for use of microbial maily fungal degradants. Biodegradation of several 
chemical substances, such as: linear alkyl-benzene sulphonates, benzene, 
hydrocarbons, pentachlorophenol, DDT, phenyl acetates, polycyclic aromatics, 
polycyclic hydrocarbons, branched hydrocarbons, cycloparaffins, alkylbenzenes, 
naphthalene, phenylacetate, polycyclic aromatics, diazinon, phenoxyacetates, 
halogenated- hydrocarbons, PCBs, polycyclic aromatics etc. have been done by the 
using of extremophylic micromycetes isolated from biodegradated  polymeric materials 
of space station MIR and ISS. Study of microbial deterioration and degradation of 
polymeric materials has substantial importance for enviromental control as well as for 
development of space sciences and technologies. Besides the damages of polymeric 
materials the growth of microbial degradants may cause the loci of potential infection 
and block the inhabitance of space cabin. The culture collection and the Atlas of 
biodegradation, including 1150 strains was created. We appreciate any comments and 
suggestions for collaboration. 

 
Keywords: Biodegradation,  synthetic polymers,  toxic chemicals 
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DETOXIFICATION OF ORGANOPHOSPHORUS PESTICIDES BY FUNCTIONLIZED 
HYDROXAMATE AND OXIMATE ISONS IN CATIONIC MICELLAR MEDIA 

Hitesh K. Dewangan1 and Manmohan L. Satnami1 
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hitdewgan12@gmail.com  

Detoxification of organophosphorus compound has received more attention due to their 
own toxicity and it’s responsible for acetylcholenesterase inhibitors. In continue 
research in this field we have perform the hydrolysis of O,O-diethyl O-p-
nitrophenyl,phosphate, (Paraoxon) , O,O-diethyl O-(4-nitrophenyl) phosphorothioate, 
(Parathion) and p-nitrophenyl diphenyl phosphate (PNPDPP) with functionlized 
Hydroxamate  (Octano and Decanohydroxamic acid) and oximate (2,4 
Pyridinealdoxime) have been investigated through UV. Visible spectrophotometrically at 
6-12 pH and 27OC.  in aqueous and in the cationic surfactants of varying head and tail 
group. the pseudophase model (PPM) have been applied for quantities treatment in 
aqueous and micellar pseudophase. 

Keywords: Phosphate ester, Hydroxamate Ions, Cationic surfactant 
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Current European legislation (Directive 2013/39/EU) has set environmental quality 
standards (EQSs) for a wide variety of priority substances, including pesticides (i. e. 
endosulfan, hexaclorocyclohexane), polyaromatic hydrocarbons (PAHs) as 
benzo(a)pyrene, and phenols (pentachlorophenol). These EQSs values are really low 
for some of these compounds (i. e. 0.005 µg/L for endosulfan in inland waters) and 
sensitive methods are demanding in order to provide a reliable determination at these 
ultra-trace levels. Moreover, in order to minimize sample handling and increasing 
sample throughput, automated methods are also necessary. 
Thus, in this work an automated method based on solid phase microextraction (SPME) 
coupled to gas chromatography-high resolution mass spectrometry (GC-HRMS) using 
magnetic sector as analyzer has been proposed for the simultaneous determination of 
54 priority substances. The SPME, GC and MS conditions were optimized and the 
overall method was validated. For instance, in relation to SPME, two type of fibers 
(polydimethylsiloxane, PDMS, and divinylbenzene/polydimethylsiloxane, DVB-PDMS) 
were evaluated, obtaining the best results when PDMS was used. Other parameters 
as extraction time, desorption time and temperature were evaluated. Regarding the 
GC conditions, several parameters as program temperature were optimized, allowing 
the elution of the target compounds in less than 45 minutes. The detection conditions 
of the magnetic sector were also studied. During the validation of the method, suitable 
recovery and precision values were obtained, achieving limits of quantification lower 
than the EQSs set in current legislation. Finally, the proposed method was applied to 
the analysis of surface waters collected in Andalusia (south of Spain).  

 
Keywords: Priority substances, water, SPME, GC-HRMS 
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FLUORESCENCE ENHANCEMENT OF 2-(P-TOLUIDINE) 

NAPHTHALENE-6-SULFONIC ACID IN AQUEOUS MATRICES DERIVED FROM 
SORPTION STUDIES ON SOILS  
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Cyclodextrins (CDs) have been proposed as remediation agents of soils contaminated 
with organic compounds because of their properties related to the enhancement of 
bioavailability of them. Multiple interactions are involved in the CD-contaminant-soil 
matrix system. Between them the concurrent adsorption of this type of compounds 
can affect their bioremediation efficiency. Consequently their sorption behavior on 
different soils must be assessed. Fluorescence Spectroscopy based on the 
enhancement of fluorescence produced when the fluorophore 2-(p-toluidine) 
naphthalene-6-sulfonic acid (TNS) forms the inclusion complex with CDs has been 
used as detection method in different matrices. This technique is associated with 
HPLC either by direct complexation in the mobile phase and through post column 
reaction. In this work we explore the possibility of using direct fluorescence 
spectroscopy to determine CDs in equilibrium solutions obtained in sorption studies 
on different soils (OC=1-10%). 
 
The total fluorescence of TNS complexes with CD, methyl-CD and 
2-hydroxipropyl-CD was recorded in the exc ranges of 290–400 nm and em of 
290–700 nm. The maximum intensity for all CDs was obtained in a em= 473, 462, and 
449, respectively at a exc =310 nm. 2-hydroxipropyl-CD gave the highest increase, 
17 and 1.4 times the corresponding to CD and methyl-CD, with a linear relationship 
up to 20, 30 and 120 µM using TNS at 5 µM. Lower signals were obtained when CaCl2 
(background electrolyte) and the same CDs were used for obtaining soil matrices. The 
influence of matrix dilution, TNS concentration and cleanup by SPE was studied to 
solve these interference effects.  

 
Keywords: cyclodextrins, soil sorption, fluorescence spectroscopy, TNS 
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Formulated products such as detergents and cosmetics are more eco-friendly due to 
a more and more strict regulation and consumer expectations. In this context, 
renewable raw materials are increasingly used especially with respect to surfactants 
which represent the major part of laundry detergents. Thus, “biosourcing” evaluation 
of raw materials and formulations is a real challenge to well-control their natural 
and/or synthetic origin. For this purpose, the official method is radiocarbon 
determination. A faster and cheaper alternative technique is also available consisting 
in the isotopic ratio determination for 2H, 13C, 15N and 18O. 
In this study, we used isotopic ratio mass spectrometry to investigate the origin of 
surfactants used in laundry detergents. In a first time, we elaborated an exhaustive 
surfactant library containing more than two hundred samples. The 4 surfactant 
classes are represented: anionic, nonionic, cationic and amphoteric surfactants. For 
more than one hundred samples, isotopic ratios were determined (13C/12C, 15N/14N, 
2D/1H, 18O/16O). Focusing on samples providing by the same supplier, we determined 
the natural or synthetic surfactant origin from a 3D representation of 13C/12C, 2D/1H, 
18O/16O isotopic ratio. Among natural surfactants, corn starch-based samples were 
well-distinguished from the others. Moreover, a linear relationship was established 
between each isotopic ratio and the percentage of synthetic/natural surfactants in 
prepared mixtures. These results indicated the ability of isotopic ratio technique to 
quantify the natural part of surfactant. 
 

 
Keywords: biosourcing, surfactant, isotopic ratio mass spectrometry 
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The development of environmentally friendly products appears today as a major 
challenge for industry, especially in the laundry detergent field. Enzyme addition in 
detergent matrix allows achieving similar cleaning performances than those obtained 
with high amount of surfactants. Enzymes are natural and renewable raw materials 
since coming from bacterial, yeast or fungi. They emerge as a good way to limit the 
use of surfactants. Enzyme quantification is required for deformulation or quality 
control purposes. But laundry detergents are complex matrices, containing 10 to 25 
different components including many surfactants which can disturb sample 
preparation and mass spectrometry analysis. 
In order to achieve reliable analysis of enzymes in such matrix, sample preparation 
strategy was investigated. Proteases, amylases, lipases and cellulases being the 
most used enzymes in laundry detergents, their extraction and purification prior to 
tryptic digestion were optimized. A solid phase extraction procedure was developed 
using wide pore cartridges. Enzyme isolation improved the digestion step and the 
mass spectrometric analysis. However this protocol was not applicable on laundry 
detergent samples essentially due to high surfactant concentrations. A protein 
precipitation procedure was thus developed allowing enzyme analysis in commercial 
detergents. 
Enzyme identification was achieved by bottom-up strategy on a hybrid Q-orbitrap 
mass spectrometer (Q-exactive). Specific peptidic fragments of each enzyme were 
identified. These fragments were used as high peptidic fragments for absolute 
quantification (Stemmann et al., Cell 2001). Quantification was performed on a 
LC-MS/MS platform, combining a reversed-phase C18 column and a 4000 QTRAP 
hybrid triple quadrupole/linear ion trap mass spectrometer. 

 
Keywords: Enzymes, laundry detergent, mass spectrometry, sample preparation, 
deformulation 
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Nowadays, Canary Islands are an important place concerning water desalination. 
Desalinated water is mainly distributed to supply the population (74%) and agricultural 
irrigation (23%). Chlorination is commonly used in seawater desalination plants to 
inhibit microbial activity. However, it can react with natural organic matter, forming 
disinfections byproducts (DBPs), mainly trihalomethanes (THMs) and haloacetic acids 
(HAAs). These compounds can be mutagenic or carcinogenic. Thus, it is important to 
control human exposure to them.  
Nitrogenous DBPs (N-DBPs) and brominated DBPs (Br-DBPs) are formed in lower 
amounts than regulated DBPs, but are more toxic than their chlorinated analogs. 
N-DBPs are formed in areas where monochloramine is used as a disinfectant, 
whereas Br-DBPs are formed in presence of high concentrations of bromide ions, for 
example in seawater. DBPs are present in desalinated waters at low concentration 
levels. Therefore, a preconcentration stage is required for determining them.  
In this work, simultaneous determination of trihalomethanes (THMs), haloacetonitriles 
(HANs) and halonitromethanes (HNMs) using headspace solid-phase microextraction 
(HS-SPME) followed of gas chromatography (GC) with flame-ionization detection (FID) 
is proposed. All parameters exerting an influence in HS-SPME-GC-FID were 
optimized using experimental designs. Hence, optimized conditions were: 60 min for 
extraction time at 30°C, 2 min for desorption time at 250°C and 30% (w/v) of NaCl. 
The method was applied for determining target analytes in water samples from 
desalination plants. 

 
Keywords: Disinfection byproducts, desalination plants, SPME, GC. 
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Methods for rapid and reliable determination of nitrite ions are important in different 
fields such as drinking and waste water analyses. Nitrite salts, typical inorganic 
pollutants, have been extensively used as food preservatives and fertilizing agents. 
Nitrite ions can interact with amines to form carcinogenic nitrosamines, resulting in 
serious hazards to human health.  
Traditionally nitrites are determined spectrophotometrically by their reaction with 
sulphanilamide and N-1-naphthylenediamine (Griess reaction). However,  this 
method requires several steps of pretreatment. 
In this work, two potential nitrite ionophores are presented, including comparism of 
lifetime, their detection limits, selectivities and stability as well as different membrane 
compositions [1]. 
Both ionophores have been synthesized following an improved syntheses based on 
known literature [1, 2, 3] 

1. Neél B, Asfhar M G, Crespo G A, Pawlak M, Dorokhin D, Bakker E (2014).  
Electroanalysis 26:473-480 

2. Peretti K L, Ajiro H, Cohen C T, Lobkovsky E B, Coates G W 
(2005).  Journal of the American Chemical Society 127:11566-11567  

3. Chapman J J, Day C S, Welker M E (2000). Organometallics  19:1615 – 1618 
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Haloacetamides are a class of unregulated disinfection by products (DBPs) which 
have recently received considerable attention because of their high toxicity. Indeed, 
these compounds have been reported to be more cytotoxic and genotoxic than some 
of the currently regulated DBPs (e.g. haloacetic acids). One of the main factors 
limiting their study is the lack of sensitive and well-validated analytical methods for 
their identification and quantification. The aim of this study is to develop a simple, 
rapid and sensitive methodology for the detection and quantification of low levels of 
haloacetamides in different types of water samples. A novel method combining 
solid-phase extraction, ultra-performance liquid chromatography and tandem mass 
spectrometry (UPLC/MS/MS) was developed. Chromatographic separation was 
performed using an Acquity UPLC C18 column with a mobile phase consisting of 
acetonitrile and ultrapure water (90:10, v/v) at a flow rate of 400μL/min. The run time 
of the method was four minutes. Good linearity (r²≥ 0.998), precision (less than 4.5%) 
and acceptable accuracy (in the range of 99-103%) were obtained at all quality control 
levels. Good extraction recoveries, within the range of 99-101% were determined at 
different fortification levels and the relative standard deviations were less than 4%. 
The matrix effect was also investigated. The quantification limit was in the low (ng/L) 
range. The obtained results showed that the new developed analytical method is 
simple, highly sensitive, and accurate. Finally, this technique can be considered as an 
attractive and promising analytical tool for the screening of haloacetamides at 
ultra-trace levels in aqueous samples. 
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Due to recent technological advancements, the comprehensive (non-target) analysis 
of complex environmental matrices is now a high potential strategy characterized by 
robustness and high throughput. This growing strategy is now recognized as a 
promising area of modern analytical chemistry and used in fields like environmental 
chemistry and human health. 
In this context, the aim of our study is (i) to contribute to the performance assessment 
of an integrated wastewater treatment system and (ii) to identify and prioritize the 
emerging contaminants. 
The analytical strategy has been implemented on a LC-QqTOF system in two main 
steps: (i) a target and non-target screening for compounds and their transformation 
(degradation) products and (ii) a comprehensive study based on the comparison of 2D 
molecular prints (m/z, retention time) by multivariate chemometric approaches. 
Database querying revealed the presence of several sources of contamination 
including: pharmaceutical compounds, persistent additives (e.g. benzotriazole, 
methyl-benzotriazole and their degradation products) and molecules of biological 
origin. The biochemical prints are formed of several thousands of signals coming from 
adducts and/or in-source fragmentation. 
The comprehensive approach applied in this study involves extremely complex 
environmental matrices and successfully complements the previous target study. The 
use of separation techniques coupled to high resolution mass spectrometry is fully 
justified by (i) the high number of compounds, (ii) the wide dynamic range, (iii) the 
diversity of physicochemical properties, (iv) the presence of isomers and (v) the need 
for an additional dimension in order to discriminate the signals having similar m/z 
ratios. 
 
Keywords: high-resolution mass spectrometry, liquid chromatography, untargeted screening, 
wastewater treatment 
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Compounds with phosphorus occurs in natural waters in the phosphates form. These 
compounds are essential for the growth of organisms and may be considered as 
limiter nutrients in the primary production of new cells. The reference method to 
phosphorus determination involves two steps: 1) Conversion of the phosphorus 
compounds in dissolved ortho-phosphate and 2) colorimetric determination of 
dissolved ortho-phosphate. In this work, phosphorus concentration was determined 
from natural waters by Ultraviolet-Visible (UV-Vis) spectroscopy and Independent 
Component Analysis (ICA). To this, the phosphorus concentration was determined 
using a reference methodology based on colorimetric method and the UV-Vis spectra 
from natural waters were acquired without any pre-treatment. To these spectra, ICA 
was performed using JADE algorithm. The results obtained from ICA were signal and 
scores, for species presents in the samples. The scores from these samples were 
plotted against the reference values of phosphorus concentration in a 
pseudo-univariate model. The phosphorus concentration of two independent samples 
were determined by colorimetric method and by UV-Vis coupled with ICA. The results 
presented relative error less than 10%. The proposed methodology based on UV-Vis 
and ICA is fast, sample preparation free and does not generate toxic waste, which is 
consistent with the principles of green chemistry. 
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Parabens are esters of para-hydroxybenzoic acid. Due to their antiseptic and 

fungicidal properties they are widely used as preservatives in cosmetic, 
pharmaceutical and food products. 

Contradictory opinions on the toxicity and carcinogenicity of parabens and the 
possibility of coming them into the environment and the human body creates the 
nessecity for regular monitoring of content of parabens in different products, biological 
samples, environmental objects and  the development of new methods of their 
identification, including extraction and preconcentration. 

The possibility of combining the acylation of methyl, ethyl, propil- and 
butylparabens using propionic anhydride with dispersive microextraction and further 
GC/FID detection has been investigated. The following parameters of derivatization: 
amount of propionic anhydride,  temperature, time, pH were optimized. 

It was obtained that parabens were acetylated at room temperature during 2-5 
min. It is shown that only 10 l propionic anhydride were needed for acylation in water 
solution  with concentration of parabens  0.005 - 5.0 mg /L. The nature and amounts 
of dispersive and extraction solvents, ionic strength, pH, time of extraction were 
examined. 

It has been shown that the most effective dispersive solvents are acetone and  
acetonitrile, extraction solvents are chloroform and carbon tetrachloride. The influence 
of pH on the efficiency of derivatization and dispersive microextraction has been 
explored. It was established that the pH range of 7-10 is the best for acylation and 
microextraction. It is shown that the addition of a strong electrolyte has little effect on 
the dispersive microextraction of acetylderivatives parabens. 

Under the optimal conditions the enrichment coefficients (EC) and the 
extraction recovery (ER) have been calculated. EC and ER were 250-270 and 94% - 
100%  respectively. 

The proposed method was used for the analysis of water samples spiked 
prabens and some pharmaceutical objects. The good accuracy and reproducibility 
were obtained (Sr = 1,6 - 10% for n = 3 and P = 95%).  

 

 
Keywords: dispersive microextraction, parabens. 
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Wastewater produced in petroleum refining processes are characterized by high toxicity and 
negative environmental impact. One of these reasons is the high content of oxygenated 
volatile organic compounds (O-VOCs), whose presence in the wastewater is very undesirable 
because lowers the efficiency of the biological treatment, by the negative effect on the 
microorganisms present in the activated sludge. Therefore, there is a need to monitor the 
content of O-VOCs in wastewater. 
The paper presents the procedure for the determination of oxygenated volatile organic 
compounds in postoxidative effluents from the production of petroleum bitumen using 
dynamic headspace coupled to gas chromatograph-mass spectrometry in the selected ion 
monitoring mode (DHS-GC-MS). Optimization of the method for the reference compounds (i.e. 
ketones, alcohols, aldehydes, esters, ethers, phenols) allowed to obtain low detection limits, 
good reproducibility and wide linear range. Analysis of the raw wastewater samples revealed 
presence of several O-VOCs, mainly ketones, alcohols and aldehydes in concentrations 
ranging from 0.01ppm to 118.61ppm. Additionally, studies were performed using the SCAN 
mode, for the determination of the other compounds from the group of O-VOCs. Nine other 
compounds have been identified, for which the approximate concentration was determined in 
samples of primary sewage and samples of wastewater treated with chemical treatment. 
The studies proved the need of monitoring of oxidation pathways of O-VOCs in the chemical 
processes of industrial wastewater purification, due to the formation of secondary pollutants. 
In the samples treated with various oxidation processes there was a significant increase in the 
content of alcohols, as well as phenol and substituted phenols. 

 
Keywords: oxygenated volatile organic compounds, gas chromatography, postoxidative 
effluents, dynamic headspace 
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Fluorescent C-quantum dots (C-dots) have recently received much attention for 
analytical and bioanalytical applications. C-dots were synthesized by thermal 
carbonization of a mixture of ethyleneglycol bis-(2-aminoethyl 
ether)-N,N,N’,N’-tetraacetic acid (EGTA) and Tris(hydroxymethyl) aminomethane 
base (Tris). The formed C-dots were characterized by x-ray diffraction (XRD), nuclear 
magnetic resonance (H1NMR and C13NMR), Fourier Transform Infra-Red (FTIR), 
high resolution transmission electron microscope (HR-TEM) and Fluorescence 
analyses. As revealed by H1NMR, C13NMR, and FTIR analyses, the C-dots were 
mainly capped with hydroxyl and carbonyl groups on its surface and are highly 
fluorescent in the visible region. In this work, we describe a facile, simple, rapid and 
sensitive analytical protocol for direct determination of 4-nitrophenol, achieving a 
detection limit of 0.028 µM with an analytical linear range from 0.1 µM to 50 µM. The 
method resulted to be selective and its applicability was demonstrated by 4-NP 
determination in river and sea waters. 

 
Keywords: 4-nitrophenol, carbon dots, fluorescence, water analysis 
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Polycyclic Aromatic Hydrocarbons (PAHs) are widespread contaminants that are released 
to environment by natural and anthropogenic processes during incomplete combustion or 
pyrolysis of organic matter. These compounds are ubiquitous and their presence is found 
in several matrices such as soil, water, vegetation and food chains. Accurate analyses of 
marine matrices, which are  contaminated by PAHs, require an efficient method of 
extraction and clean up. Three different extraction solvents (hexane/acetone 70/30,  
hexane/acetone 50/50, cyclohexane)  and  sorbent systems (Florisil, Silica Gel and MIP) 
were tested and compared to extract four PAHs (benzo[a]anthracene, chrysene, 
benzo[b]fluoranthene, benzo[a]pyrene) from marine matrices. The extraction solvent and 
its volume, the  amount of sample extracted and the volume of final extract were 
optimized. The choice of   cyclohexane as extraction solvent  and  the use of  MIP with 
ethyl acetate as elution solvent assured both a good extraction of the analytes and  a 
remarkable improvement in the sample clean up that gave colourless, clean, and less 
viscous solutions, with few interferent compounds. Quantification was done by GC/MS/MS, 
by internal standard method using deuterated PAH standards. The performance of this 
clean up procedure allowed good recoveries for all PAHs investigated in the range 80-
102%, according to the Regulation (EU) N°836/2011. GC experimental conditions were 
optimized in terms of column temperature to improve both the elution time and the 
chromatographic resolution of extracts, even if the MS/MS detection allowed resolution of 
peaks that co-eluted chromatographically. The results obtained in this study were used to 
define a validation protocol for this  method.        
Keywords: PAHs, Marine matrices, Optimization; GC/MS/MS 
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Environmental contamination by organic and inorganic compounds is recognised as a 

worldwide problem that influence directly to the humans and organisms. This work is 

focused on determining mixture of endocrine – disrupting chemicals (EDCs) that 

involved (progesterone, estradiol) and poly aromatic hydrocarbons (PAH)  which 

represent in benzo(a)pyrene .Progesterone and estradiol (17β estradiol)  are a 

natural steroid hormone that plays vital roles in fertility and pregnancy and its uses in 

the industrial field in making drugs and cosmetics products. The effect of (EDCs) in 

the environment is receiving growing attention from the public at large, as there is a 

continuous spread of anthropogenic substances into the water environment. Even 

though it is present at very low levels (low 1 ng L-1 range) progesterone and estradiol 

have a clear effect on the reproductive behaviours of fish and therefore needs to be 

monitored. Benzo(a)pyrene is a poly aromatic hydrocarbons that found in coal tar and 

it is classified in first group of highly carcinogenic compounds by (IARC). Currently 

laboratory based method are required because of the high sensitivity and selectivity 

required but there is an urgent need for low cost screening methods.  

This project show the steps towards the development of a portable system device. 

Silica monolith prepared from tetramethyl orthosilicate (TMOS) and coated by C18 

was used to preconcentration and purification the river sample water.  This is then 

followed by a selective and sensitive immunoassay with chemiluminescence detection, 

the electrochemistry technique used to immobilise the antibody onto solid support 

surface (ITO electrode). (COC) polymer was used to make a microfluidic device that 

combine with ITO electrode to obtain rapid detection of chemiluminescence signal 

with a coupled charge device (CCD) camera.  

Keywords: Progesterone, Estradiol, Benzo(a)pyrene and Immunoassay Chemiluminescence 
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The excess of phosphate content in surface waters has been considered as the 

reason of eutrophication for more two decades. Therefore it was thought that the 

replacement of inorganic phosphates by derivatives of phosphonic acids should 

improve this state of affairs. Unfortunately however, although the runoff of phosphates 

significantly decreased, these expectations have not worked. The contrary, year by 

year the area of cyanobacterial blooms increases dramatically. The reason of such 

situation turns out to be the overuse of organophosphonate that have been found the 

wide application in many areas of human activity (for example in industry for 

production of pesticides and medical drugs, as complexing agents, detergent 

additives, inhibitors in cooling water systems, corrosion inhibitors and in paper and 

textile industry).  

So far there are no analytical procedures for the determination of these 

compounds and acceptable limits of their contents, in various complex sample 

matrices. It results in the lack of knowledge about the actual amount of these 

substances in treated municipal and industrial wastewater, as well as in surface 

waters. For this reason, the development of effective methods for the simultaneous 

isolation, preconcentration and determination of organophosphonate compounds in 

real samples is required. Such a possibility is an application of on-capillary 

electrophoresis concentration technique for simultaneous preconcentration and 

determination of polyphosphonates in aqueous samples. The method optimization 

included the influence of various parameters like composition and pH of background 

and rinsing buffers, an addition of various modifiers, on effective separation and 

preconcentration of studied analytes.   

 
Keywords: organophosphonates compounds, capillary electrophoresis, preconcentration  
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Ketoprofen (KPF) is a non-steroidal anti-inflammatory drug (NSAID), belonging 
to the profen family, which has analgesic, anti-inflammatory and antipyretic 
properties. All compounds of this family have a chiral center and two enantiomeric 
forms, one of which is usually either inactive or toxic. Consequently, interest in 
both enantiomer concentrations has increased in recent years and justifies the 
development of analytical methods. 

KPF residues in waste water may come from drugs used for treating diseases, 
both of people and animals. Given that KPF is present in river water at low 
concentrations, an SPE method was optimized for concentration and cleaning up 
purposes.  

The two-dimensional LC chromatographic method for KPF enantiomer 
determination is based on the use of a C8 column coupled to a 1-glycoprotein 
chiral column with detection at 254 nm. The heart-cut mode was optimized taking 
into account mobile phase compatibility and the transferring time from the first 
column to the second column. This coupling enables KPF to be separated from 
the matrix and clean samples to be injected into the chiral column. The method 
was validated by recovery studies, allowing both KPF quantification and 
determination of its enantiomeric ratio. Analysis time was 25 min. 

 
Keywords: Ketoprofen, Chiral analysis, Two-dimensional LC, Environmental analysis, 
Water analysis, Solid Phase Extraction. 
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Ammonium is formed from thermal and chemical degradation of amines, which are 

used in the oil industry to overcome corrosive processes related to the action of sour 
gases produced from reservoirs, as well as those caused by acid injection in oil 
recovery operations. This cation is responsible for a decrease in the effectiveness of 
H2S removing and an accelerated corrosion of installations. Because of that, 
ammonium needs to be monitored.  

A method for the determination of NH4+ in refining process waters and connate 
waters from Brazil’s pre-salt reservoirs is proposed. An ultrasound-assisted 
homemade purge-and-trap system was used for NH4+ separation from the matrix. Then, 
the analyte was determined by ion chromatography.  

A 23 full factorial plus centre-points to form a central composite design was applied 
for evaluation of the parameters: extraction time (10, 15 or 20 min), NaOH 
concentration (1, 5.5 or 10 mol L-1) and analyte mass (10, 30 or 50 µg). The Pareto 
chart indicated that the NaOH concentration and extraction time were the most 
important variables. Also, marginal means and response surface were plotted for the 
optimization of parameters. A recovery of 95 ± 5 (n=3) was obtained using an extraction 
time of 20 min, NaOH concentration of 10 mol L-1 and analyte mass of    50 µg.  

 
Keywords: ammonium, high salinity waters, ultrasound, ion chromatography  
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Our research team developed in 2009 the sample preparation technique “rotating disk 
sorptive extraction” (RDSE). Currently this technique is available in two configurations. 
In the classic version, the sorbent phase is a polymer film adhered to one side of the 
Teflon disk (e.g. PDMS or C18). The second configuration consists of a disk that 
contains a cavity that is loaded with a sorbent phase (powder) and is then covered 
with a glass-fiber filter and sealed with a ring of Teflon. This configuration, with Oasis 
® HLB and styrene-DVB, was used in this work for extraction of NSAIDs from 
wastewaters and lincomycin (LCM) and spectinomycin (SPM) from animal plasma, 
respectively.  
After optimization of the extraction process, chromatographic analyses were 
performed by UHPLC (Flexar FX-15), using a C18 (2.1 mm × 75 mm, 2.7 mm) column. 
In both analyses optimum separation was achieved with a binary mobile phase 
gradient at a flow rate of 0.3 mL/min. Quantification of the analytes was performed 
using an AxION 2 TOF MS system with a Dual Probe ESI source considering specific 
conditions for each analyte group (negative ionization for NSAIDs and positive for 
LCM and SPM). Acquisition function was always in Trap mode. 
Recoveries in both determinations were higher than 97% con relative standard 
deviation lower than 8%. NSAIDs were quantified in influent of a WWTP from the 
Santiago city. The concentrations of the drugs were from 0.25 to 1.35  µgL-1. 
Regarding LCM and SPM, the method was applied in pharmacokinetic studies in 
animal plasma.  

 
Keywords: Sample preparation, LC/TOF-MS, pharmaceuticals, water, plasma 
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When dealing with adverse or limiting growth conditions, plants respond by specific-
stress mechanisms which are regulated by the phytohormonal network. Salicylic acid 
(SA) and Jasmonic acid (JA) are hormones involved in plant growth and development, 
which also take part in plant response towards different kind of stresses. Shikimic acid 
(SHA) is an important plant intermediate and a key molecule in the biosynthesis of 
many secondary metabolites implicated in the stress response mechanisms. The 
Nicotiana genus includes small, well characterized plants, traditionally used as 
biological models for genetic and physiological studies; the insertion of the rolC gene 
from Agrobacterium rhizogenes and the rat glucocorticoid receptor (GR) gene in 
Nicotiana plants have been previously investigated, demonstrating interesting results 
for the production of resistant plants. In this study, a new HPLC-ESI-LTQ Orbitrap 
method for the simultaneous quantification of SA, JA and SHA in N. Langsdorffii is 
presented. The method was developed and validated by estimating matrix effect, 
accuracy, precision and the detection limits. The method, which, to our known, is the 
first which permit the simultaneous quantification of these three compounds, was then 
applied to 82 wild and transgenic plants, exposed to chemical, water and heat stresses. 
The results showed a differential regulation of the phytohormones’ levels in the wild 
and genetically modified plants, as a clear indication of the activation of stress 
response processes. A differential induction of the shikimic acid pathway in stressed 
plants was moreover observed, highlighting the mechanisms the plant behavior 
against different abiotic stresses. 

 
Keywords: HPLC-HRMS, Nicotiana Langsdorffii, environmental stresses, genetic 
modification 
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Pollens pellets collected by honey bees are complex mixture of biochemical 
compounds including proteins, saccharides and lipids. Moreover, secondary products 
can be mixed with pollens resulting from atmospheric aging or compounds produced 
by honey bees themselves.  To analyze such samples is very challenging by chemical 
techniques. However, characterization of pollen pellets is of prime importance since 
they will determine the quality of food resources for bees and in fine the quality of honey. 
Raman microscopy is a powerful technique suited to characterize molecular 
composition of numerous materials without any sample preparation, with a lateral 
resolution of about 1 µm2. Raman spectra of pollen has been used to derive 
informations of the chemical nature at the pollen surface(Ivleva et al., 2005; Schulte et 
al, 2008; 2009; Pummer et al., 2013).  
In this work, we analyzed the chemical composition of pollen pellets collected by honey 
bees foraging on crops. Grains were selected as function of their morphological 
features, including their shape, using secondary electron microscopy, and their color 
by using optical microscopy. Two varieties of pollen grains were selected (maize and 
sunflower), and analyzed using confocal Raman microspectrometer. The automated 
mode analyses allowed characterizing a huge number of pollen grains. Chemometrics 
treatment of Raman spectra such as PCA could show sample organization according 
to pollen vegetal origin (Pummer et al., 2013). Therefore, we propose a methodology 
of pollen pellet characterization by using Raman microscopy in an automated way and 
without sample preparation.  
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We describe a MWCNT- based method for the solid phase extraction of eight 
pesticides from en vironmental water samples. The analytes are extracted from 
100mL samples at pH 5.0 (containing 5 mmol L-1 of KCl) by passing the solution 
through a coulumn filled with 20mg of multiwalled carbon nanotubes. Following elution, 
the pesticides were determined by LC and electrospray ionization hybrid quadrupole 
linear ion trap MS. Tow selected reaction monitoring transitions were monitored per 
compound, the most intense one being used for quantification and the second one for 
confirmation. In addition, an information-dependent acquisition experiment was 
performed for unequivocal confirmation of positive findings. Matrix effect was not 
found in real waters and therefore the quantification was carried out with calibration 
graphs built with solvent based standards. Except for cymoxanil, the detection and 
quantification limits in surface waters are in the range from 0.3 to 9.5 ng L-1 and 1.6 to 
45.2 ng L-1, respectively. Recoveries from spiked ultrapure water are ≈100%, except 
the most polar pesticides methomyl and cymoxanil. The same behavior is found for 
real watersamples (except for phosalone). The standard deviation is ˂ 10% in all 
cases.   
  

 
Keywords: Pesticides, Solid phase extraction, Multiwalled carbon nanotubes, Liquid 
Chromatography-mass spectrometry. 

P179

361 sur 745



 
 
Determination of benzotriazoles, benzothiazoles and benzenesulfonamides in 

soil by microwave-assisted extraction followed by high performance liquid 
chromatography  

 
Andrea Speltini, Federica Maraschi, Michela Sturini, Antonella Profumo 
 
Laboratory of Analytical Chemistry, Department of Chemistry, University of Pavia, Pavia, 27100, Italy 

 
Benzotriazoles (BTRs), benzothiazoles (BTs) and benzenesulfonamides (BSAs) are 
largely used in industrial and household applications (e.g. metal corrosion inhibitors, 
plasticizers, defrosting liquids, dishwater detergents). These compounds show good 
water solubility and resistance to biodegradation, and are considered ubiquitous 
emerging contaminants. They reach the soil compartment through direct release from 
deicing activities, but also landfill application of sewage sludge is expected to be an 
important contamination route (J. Chromatogr. A, 2014, 1339, 34-41). BTRs 
concentrations in impacted soil/sediments are variable, in the range ng-g/g (Environ. 
Sci. Pollut. Res. 2014, DOI 10.1007/s11356-014-3974-5). In our laboratory a 
straightforward procedure for the simultaneous determination of 2 BTRs 
(1H-benzotriazole, 5-methyl-1H-benzotriazole), 2 BSAs (benzenesulfonamide, 
toluenesulfonamide) and 3 BTs (benzothiazole, 2-hydroxybenzothiazole, 
2-methylthiobenzothiazole) in soil has been developed. The target analytes were 
extracted in a single microwave-assisted extraction (MAE) cycle (120°C, 10 min) and 
quantified in HPLC-UV by matrix-matched calibration. Recovery tests on soil samples 
(1 g) showed that 4 mL water-methanol (85:15) gave satisfactory extraction yields for 
all the seven analytes. Linearity was evaluated in the concentration range 0.5-5 mg/L, 
obtaining R2>0.9991. Quantitative recovery (71-124%, n=4) was achieved for spikes 
in the range 0.5-50 g/g. The inter-day precision was good, with values of RSD<11% 
(n=4). Further experiments are ongoing at lower concentrations by pre-concentration 
of the extract before HPLC-UV. The method will be applied to the analysis of impacted 
soil samples.  

 
Keywords: emerging pollutants, microwave-assisted extraction, soil 
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The Mediterranean receives large amounts of dust, emitted from regions of the 
Sahara-Sahel-Chad corridor, which affects ecosystems, climate and human health. 
We report a two-year study (2012-14) monitoring the elemental enrichment, the POPs 
(PCBs and OCPs) and PAHs composition of fine particles during African dust events 
(ADEs) on Crete (Greece). Twenty-four h samplings sessions have been conducted in 
a semi-rural area. PM10 and PM2.5 and gas phase samples have been collected and 
analysed by ICP-MS, GC-NCI,EI/MS. The average concentrations of 27Al, 57Fe, 55Mn, 
44Ca and 24Mg, of ADEs samples, showed the highest enhancement among the major 
elements by a factor of 5-17, vs. not affected samples. Lanthanides had higher levels 
during the ADEs, 4-19 times higher values. The ∑6PCB most common congener 
average concentration was 5 pg/m3, similar with the concentrations reported during 
ADEs in Eastern Caribbean and Cape Verde, while the total PCB concentration in the 
current study (∑48PCB congeners) ranged between 47-158 pg/m3. The concentration 
of the most common OCPs such as aldrin, chlordanes, DDX, endosulfans, 
hexachlorocylohexanes, heptachlor, hexachlorobenzene, dieldrin, chlorothalonil, and 
dicofol were 0.10, 2, 25, 5, 6, 1, 16, 7, 3, and 6 pg/m3 respectively. Dieldrin, 
chlordanes and HCHs levels were similar to those of Mali. Almost all OCP 
concentration levels we determined were similar to those detected in locations 
downwind of African dust regions, offshore of West Africa, Trinidad, Tobago, and 
Virgin Islands. The ∑35PAH average concentration of PM2.5 was 1.5 ng/m3 and did not 
demonstrate a strong differentiation between ADE and non-ADE samples. 
 

 
Keywords: African dust, PM2.5, ICP-MS, GC-MS, major elements, lanthanides, 
organochlorine pesticides, PCBs, PAHs 
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Currently an increasing concern over the environmental risks of the so-called 
emerging contaminants (ECs) has been noted. ECs originate from a variety of product 
including human and veterinary pharmaceuticals, and personal care products, which 
are released to the environment. As a consequence, ECs have been detected in 
different environmental compartments, without knowing the risks to health and the 
environment.  
This work presents a green and simple approach, which enables the screening of 
quinolones (flumequine, oxolinic acid, enrofloxacin and ciprofloxacin) in presence of 
other pharmaceuticals in water. The compounds are extracted from water samples 
onto a device composed of a small rotating Teflon disk (15 mm diameter), with a nylon 
membrane attached to one of its surfaces. After extraction, the fluorescence 
excitation–emission matrices (FEEM) are directly measured on the nylon surface, and 
processed by applying parallel factor analysis (PARAFAC), without the necessity of a 
desorption step. FEEM for the four studied quinolones are very similar and 
consequently calibration of the screening method can be performed with only one 
analyte. Global content of quinolones in a water sample can be performed even in 
presence of other pharmaceuticals used in aquaculture.  
Optimum extraction conditions were: 30 min of extraction, disk velocity of 1500 rpm, 
pH = 2; the excitation and emission slits were 2.5 and 10 nm, respectively The data 
matrices were collected varying the excitation wavelength between 240 and 310 nm 
each 2 nm, and registering the emission spectra from 287 to 440 nm each 2 nm. 
Different synthetic and real samples are been analyzed. 

 
Keywords: Rotating disk, nylon membrane, excitation–emission fluorescence matrices, 
PARAFAC, quinolones.  
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DETERMINATION OF ACTIVATED METHYL CYCLE METABOLITES AND
GLUTATHIONE IN CABBAGE UPON SULFATE DEPRIVATION AND COPPER

TOXICITY
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The activated methyl cycle is a central metabolic pathway used to generate (and
recycle) several important sulfur-containing metabolites including methionine,
S-adenosylmethionine, S-adenosylhomocysteine and homocysteine and enable
methylation. Glutathione is a ubiquitous intracellular peptide with diverse functions
that include antioxidant defense and detoxification of toxic metals and xenobiotics.
Glutathione is present in plant tissues in the thiol-reduced (GSH) and
disulfide-oxidized (GSSG) form. We had developed a precise and sensitive method
for the simultaneous measurement of several sulfur metabolites based on liquid
chromatography coupled with tandem mass spectrometry (LC-MS/MS) and
34S-metabolic labeling of sulfur-containing metabolites in Arabidopsis thaliana
seedlings (Chang et al., 2013). Sulfur metabolites were extracted from freeze-dried
roots and shoots of cabbage (Brassica pekinensis) after 14 and 21 days of plant
cultivation with an aerated 25% Hoagland nutrient solution. The impact of sulfate
deficiency and copper toxicity (10 µM) on the levels of activated methyl cycle
metabolites and glutathione in cabbage were determined by our method, which is
based on stable dilution-based liquid chromatography-electrospray ionization-tandem
mass spectrometry. The levels of these metabolites only declined during the initial
period of copper toxicity and most of them were further restored, while all the levels of
these metabolites except that of S-adenosylmethionine in the shoot declined during
sulfate deficiency, resulting in significantly higher ratios of S-adenosylmethionine/
S-adenosylhomocysteine and GSH/GSSG in the shoot.

Keywords: activated methyl cycle, glutathione, LC-MS/MS, Brassica pekinensis
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In Brazil, the organic carbon is quantified by the Walckley & Black method, which in 
addition to spend a lot of time, uses a huge amount of reagent and then generates 
toxic waste. To solve this problem, multivariate calibration can be an alternative. In 
this work, a multivariate calibration model was constructed using partial least squares 
(PLS) to calibrate NIR spectra from soil using 1000 samples of different Brazilian soils 
and 17 latent variables. Outliers analyses was performed based on ASTM E1655-05. 
This model was used to quantify the organic carbon in an external samples set and 
the results were not satisfactory indicating that the current model did need to be 
updated to ensure its durability. Alternatively, DS and PDS standardization algorithms 
were applied to verify its ability in updating the PLS model. The updated models 
performance were analyzed by comparing its prediction errors (RMSEP) and 
correlation coefficient to adjust external samples (Rv), and it was observed that the 
inclusion of a percentage of representative samples from external set was the best 
strategy to update the model. This occurs because the modifications presented by the 
external samples set refers to chemical composition and not spectral modification due 
to maintenance of NIR equipment or spectra from a different equipment. So, it can be 
concluded that when the modifications are only due to the chemical composition of the 
samples, the best alternative to update the model is the inclusion of a percentage of 
samples (from 10 to 30%) and re-build the models. 

 
Keywords: organic carbon, soils, NIR, PLS 
 
 
Acknowledgements: Embrapa-Solos, Fundação Araucária, Capes, CNPq 

P184

366 sur 745



 
 

CHEMILUMINESCENT ASSAY OF PHENOL IN WASTEWATER USING 
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Two methods for phenol determination based on the suppression of 

chemiluminescence (CL) produced upon HRP-catalysed oxidation of luminol were 

developed. One method used an enhanced CL reaction with 

3-(10’-phenothiazinyl)-propane-1-sulfonate and 4-morpholinopyridine as primary and 

secondary enhancers, respectively, and another one is free of the enhancers. A 

comparison of the phenol assay with enhancers showed much higher sensitivity and 

lower LDL value than the assay without enhancers. In addition, the amount of HRP 

used in the assay with enhancers is 40 times less than in the assay without them. The 

study of the specificity of the developed assays demonstrated that in the assay 

without enhancers several phenol compounds, for instance, unsubstituted phenol, 

suppressed the CL intensity, whereas other phenols, such as 4-chlorophenol and 

2,4-dichlorophenol, increased the light output. In contrast to that assay, in the assay 

with enhancers all tested phenols suppressed the CL intensity. Upon the analysis of 

phenols in the water plant effluents using the assay without the enhancers, a high 

matrix effect was observed. On the other hand, the analysis of the same effluents 

using the assay with enhancers did not show any matrix effect, and the recovery 

values from the spiked samples were found to be 92–96%.   

 
Keywords: phenols, chemiluminescence, enhancers, horseradish peroxidase 
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The determination of phytoplankton groups present in seawater it can be done using 
high pressure liquid chromatography (HPLC), by the analysis and quantification of 
pigments present in a sample. But this technique can be conditioned by detection 
limits, especially in oligotrophic areas. 
 
Pigment extraction was done using ultrasonic probe under optimized conditions. 
These compounds are easily degraded by light and heat. In this study it has been 
implement the extraction steps to reduce sample degradation. To minimize this 
degradation it was done the optimization of extraction and pre-concentration of 
carotenoids and chlorophylls using crop samples, introducing previous drying 
samples, cooler steps, and modification on probe intensity. 
 
This method was validated using samples collected in ESTOC (European Station for 
Time-Series in the Ocean – Canary Islands) and near to Gran Canaria island. 
 

 
Keywords: HPLC, phytoplankton pigments, ultrasonic extraction. 
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Under typical of intensive aquaculture system, physiological state monitoring including 
stress of cultured fish was added to the normal demands of the aquatic environment. 
Fish exhibit a wide variation in physiologic responses to stress, based on changes in 
plasma levels of corticosteroids, mainly cortisol. To evaluate fish stress, a simple and 
rapid method for detecting cortisol increases is desired. In this study, we describe an 
enzyme-functionalized label-free immunosensor system for detecting plasma cortisol 
levels. The system was integrated with a microfluidic system and potentiostat. 
Selective detection of cortisol using amperometry is achieved by immobilizing both 
anti-cortisol antibody and glucose oxidase on an Au electrode surface with a 
self-assembled monolayer. The system is based on the maximum glucose oxidation 
output current change induced by the generation of a non-conductive 
antigen-antibody complex, which depends on the levels of cortisol in the sample. The 
immunosensor showed a response to cortisol levels, and the current linearly 
decreased in the range of 0 to 40 ng ml-1 with a correlation of 0.968. Only 10 min was 
required for electrochemical measurement of one sample. The sensor system was 
used to determine the plasma cortisol levels in Nile tilapia (Oreochromis niloticus), 
which were then compared with the levels of the same samples determined using the 
conventional method (ELISA). Values determined using both methods were well 
correlated. We also believe that the proposed system could be integrated in a 
miniaturized potentiostat for point-of-care cortisol detection and useful as a portable 
diagnostic in fish farms.  

 
Keywords: Electrochemical analysis, Immunosensor, Cortisol, Fish 
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Introduction 
The Gas chromatography-mass spectrometry(GC-MS/MS) multi-residue method for 
the analysis of 284 pesticides in vegetable, fruits and cereals has been developed. 
The monitoring of pesticide residues in food is nowadays a priority objective in order 
to get extensive evaluation of food quality and to avoid possible risks to human health. 
The pesticides included in this study belong to different chemical families of 
insecticides, herbicides, fungicides and so on. GC-MS is rapidly becoming an 
accepted technique in pesticide residue analysis for regulatory monitoring purposes. 
This survey was aimed to establish for determination of multi-residue method for 284 
pesticides in commercial agricultural products by GC-MS/MS. Recoveries, precision, 
linear dynamic ranges, and limit of quantitation (LOQ) in the analytical method were 
validated in different matrixes. Calibration curves were linear for most of the 
compounds studied. The method was demonstrated by the analysis of extracts from 
crops, spiked at three concentration levels for each pesticide. The recoveries obtained 
at fortified levels of 0.05-0.5 mg/kg were 60-130 % for all pesticides, with relative 
standard deviations (RSDs) of 20 %, with a few exceptions. The proposed method 
was applied successfully for the residue determination of the 284 pesticides in crops. 

 
Keywords: Pesticides, Gas chromatography-mass spectrometry(GC-MS/MS), 
Monitoring 
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Nowadays, cork oak forests still make a substantial contribution to the economy and 
ecology of several Mediterranean countries covering a worldwide area of 2,277,700 
hectares. One of the first stages of industrial preparation of cork consists of its 
immersion for approximately one hour in boiling water. Spent cork boiling water is 
characterized by high COD, BOD, total solids and polyphenols content, in the range of 
4.5-5.5 g/L, 1.1-1.8 g/L, 0,6-7,4g/L and 0.6-0.9 g/L. This is why sophisticated and 
efficient treatment processes are required. These characteristics lead to low 
biodegradability (BOD/COD = 0.4-0.2) and high acute toxicity (EC50 ranging from 
2.3% to 29.5%). However, these effluents are frequently discharged to environment 
without any previous treatment or directly to municipal wastewater treatment 
plants.The main aim of this study is to determine the removal of organic matter as 
measured by reductions in chemical oxygen demand (COD) and total polyphenols 
(TP) by using Ca2+/OH-. The parameters used to determine the optimal conditions for 
the process were Calcium dosage, organic pollution of the wastewater and pH. 
Coagulant mixing time (5 minutes) and stirring speed (150 rpm) were set according to 
Bibliography. Three different cork wastewater samples were treated with increasing 
doses of Ca2+ and a range of alkaline pHs to determine the optimum removal of COD 
and TP. The resulting depuration rates were in the ranges 30-55% for COD and 
83-89% for TP. In conclusion, pretreatment of Cork wastewater by using Ca2+/OH- is 
a fast, green and economical methodology to treat these spills. 
 
  

 
Keywords: cork, COD, polyphenols, treatment 
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There is a wide concern among the public regarding herbal medicines (HMED) and dietary 
supplements (DS) products and their impact on the health of the customers. Users have no means 
of knowing what the products really are, nor can they attribute adverse events to the use of that 
product. Therefore, adulterated HMED and DS are in the highest health risk category. In this 
project we implemented the latest High Performance Liquid Chromatography (HPLC) columns 
technology to develop rapid HPLC separation methods followed by tandem mass spectrometry 
(MS/MS) for qualitative and quantitative analysis. The HPLC column technology is known as core 
shell technology. Using this column technology, highly efficient and rapid separation methods was 
developed and validated. Initially screening of HMED and DS was for 
synthetic phosphodiesterase type-5 inhibitor (pd5) adulterants and their analogue as a prototype 
compounds was developed. A number of samples were analysed from local market and found 
containing synthetic pharmaceutical active ingredients although they are marketed as “Herbal 
Products”.  
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An analytical method based on ultrasound-assisted matrix solid-phase dispersion and 
gas chromatography tandem mass spectrometry (GC-MS/MS), after in situ 
derivatization in the GC system, was developed for the determination of seventeen 
emerging compounds including estrogenic hormones, personal care products, 
pharmaceuticals and organophosphorus flame retardants (OPFRs) in vegetables. 
Labeled standards were used as surrogates to quantify analytes. The limits of 
detection of the target analytes were in the range 0.04 to 0.39 ng g-1 for the different 
vegetables used in the optimization of the method (lettuce, onion, carrot and tomato). 
Vegetables were spiked at three concentration levels (1-5-25 ng g-1) and recoveries > 
70% were achieved for most of the target analytes. The developed method was 
applied to vegetables obtained from local grocery stores and BPA together with 
OPFRs were the compounds predominantly found in the samples analyzed. 

 
Keywords: Emerging contaminants; Estrogens; Tandem mass spectrometry; 
Ultrasound-assisted MSPD; Vegetables; Organophosphorus flame retardants; 
Pharmaceuticals 
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Ultraviolet (UV) spectroscopy and Partial Least Squares with Discriminant Analysis 
(PLS-DA) were applied to discriminate soybean oil into transgenic and non-transgenic 
samples. A total of 105 samples (65 transgenic samples and 40 non-transgenic 
samples) were split into calibration and validation samples by Kennard-Stone 
algorithm. The models were evaluated based on the Root Mean Squares Error of 
Calibration (RMSEC), Cross Validation (RMSECV) and Prediction (RMSEP). The 
sensitivity and specificity were also determined. Visually no differences can be 
detected in the UV spectra from soybean transgenic and non-transgenic oil. However, 
the loadings from PLS-DA show that a bathochromic displacement can be observed in 
the UV spectra of the transgenic soybean oil. The results shows that even being very 
similar, the displacement which can be verified by PLS-DA classification, provides 
suitable models to differentiate transgenic soybean from non-transgenic soybean oil. 

 
Keywords: transgenic oil, UV, PLS-DA, fingerprinting 
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Polycyclic aromatic hydrocarbons (PAHs) are persistent organic pollutants formed as 
a result of incomplete combustion on natural and anthropogenic processes. Their 
presence and occurrence has been described in atmospheric environment from most 
of the big cities around the world. Nevertheless, their determination in the atmosphere 
has some difficulties, mainly related to the complexity of sampling (diffuse sources, 
and meteorology among others) and their low concentrations. These difficulties can 
be overcome with the use of living organisms as biomarkers. Biomarkers can be used 
as passive collectors of pollutants in the atmosphere. Moreover, they provide useful 
information to assess the impact of pollutants on the ecosystems. 
Bitter orange tree is a widespread tree in urban and sub-urban areas from the South 
of Europe. It is an evergreen tree species, so its leaves are exposed to air pollutants 
throughout the year. Because of that, it can be considered a valuable biomarker of 
exposition to atmospheric pollutants. 
In these work, an analytical method has been optimized and validated for the 
determination of the sixteen PAHs classified as priority pollutants by the United States 
Environmental Protection Agency on bitter orange leaves. The method involves 
sample treatment by ultrasonic-assisted extraction, clean-up by solid-phase extraction 
and determination by high-performance liquid chromatography with diode-array and 
fluorescence detectors. Recoveries achieved were in the range between 62% and 
86% for most of the PAHs. Limits of detection limits were in the range 0.02-5.62µg/kg 
dry matter. The applicability of the method was tested on bitter orange trees from 
Seville city (South of Spain). 

 
Keywords: polycyclic aromatic hydrocarbons, bitter orange tree, biomarker, atmospheric 
pollution 
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Chili peppers are widely used as savory food additives due to the pungency induced 
by capsaicinoids. These compounds have also several functional properties such as 
antimutagenic, antitumoral, antioxidant and analgesic. The objective of this work was 
to develop, optimize and validate a chromatographic method to determine the content 
of nordihydrocapsaicin, capsaicin and dihydrocapsaicin in Chili peppers (Capsicum 
annum and Capsicum baccatum v. pendulum). Chromatographic conditions were 
optimized applying a face-centered central composite design. Separation was 
performed on an Agilent Zorbax-XDB C18 (150 mm x 4.6 mm, 3.5 µm) column set at 
35°C using a binary mobile phase composed of ACN: MeOH: HOAc (49.95: 49.95: 
0.1 v/v/v) and H2O: HOAc (99.9:0.1 v/v) at a flow rate of 0.8 mL/min. Detection was 
performed by fluorescence using λex 280 nm and λem 310 nm. Validation was 
established following ICH guidelines, calibration data fitted a linear regression model 
with R2=0.9999. Repeatability (n=6) and intermediate precision (n=3) showed RSD 
values of 1.5% and 1.0%, respectively. Recoveries at three different concentrations 
(0.01, 0.50 and 2.00 μg mL-1) ranged from 94.8 to 109.4% with RSD<2.4%. Method 
selectivity was evaluated by mass spectrometry (TQMS), not observing any 
interference at the analytes retention times. The method was applied to determine the 
capsaicinoids content in nine peppers varieties. Samples showed a broad range of 
capsaicin content (0.1-127.3 µg g-1) with Scoville heat units (SHU) between 
16,000-20,368. 
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Pomegranate (Punica granatum L.) is one of the oldest known edible fruit. It is 
an interesting and promising crop for different world areas due to its easy and good 
adaption to different weather conditions [1]. Pomegranate is widely used as a 
traditional medicine in many cultures. In the recent decades, the extracts of leaves, 
seeds, fruits and flowers of Punica granatum have been extensively studied for 
potential uses including, anti-inflammatory effects, antioxidant, protective role in 
atherosclerosis and thyroid dysfunctions and cardiovascular protection [2]. 
Pomegranate juice include tannins, anthocyanins, vitamin C, vitamin E, coenzyme Q-
10 and alpha lipoic acid [3]. In addition to pomegranate juice and seed are contain 
high amount of Na, K, Ca, Mg, P, Zn, Fe and Cu [4].  

In our country and region, pomegranate is consumed as a fresh fruit, juice and 
homemade (or commercial) concentrated pomegranate for salad. Therefore, the 
determination of chemical components of pomegranate and its products is important 
in terms of nutrition. In this work, fresh pomegranates collected from different 
agricultural area, commercial pomegranate juice and concentrated pomegranate 
were analyzed as a spectrometric and titrimetric. Some trace metal levels, total 
antioxidant activity, concentration of phosphor and ascorbic acid were determined in 
pomegranate samples. Total antioxidant acticitiy, phosphor concentration and 
ascorbic acid were found between 0.2 -100 µmol L-1, 0.4-102.3 µg mL-1 and 13.9-
111.6 µg mL-1, respectively. 
 
 
Keywords: Pomegranate (Punica granatum L.), trace metals and antioxidant activity. 
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Abstract 

 

Plastic packaging represents a large and constantly growing part in the conservation and 

protection of the quality of product. 

The purpose  of this work is to describe the mass transfer in plastic packaging in fact, when 

the plastic is brought into contact with food, certain transfers of chemical occur according to a 

complex process. In this work, we coupled modeling with experimental approach in order to 

understand the transfer through the plastic interface of plastic packaging.  

The numerical model takes into account the result obtained in an experimental study. The 

kinetics of diffusion transfer and diffusivity of nitric acid (simulator acids) in our model was 

determined. The analytical and numerical model has been developed in order to give better 

information on the concentration of this simulator inside the package (PEVA) and simulate in a few 

hours the transfer that occurs several months. 
 

Key words: Plastic, Diffusion, Modeling, Finite D.M 

 
Preferred way of presentation: oral 

 
References: 
 
[1] J. Crank, the Mathematics of Diffusion, Clarendon Press, Oxford, 1975. 
[2] J.M. Vergnaud, Liquid Transfer Processes in Polymeric Materials, Prentice Hall 
Publishers, Englewood Cliffs, NJ, USA, 1991. 
[3]:J.M.VERGNAUD, «Liquid Transparent Process in Polymeric Materials. Modelling and 
Industrial Applications», Prentice Hall, Englewood Cliffs, NJ, 1991. 
[4]: Rachid ATMANI, 2014, «Diffusion of Heptane in Polyethylene Vinyl Acetate: 
Modelisation and Experimentation», IOSR Journal of Applied Chemistry (IOSR-JAC), 
Volume 7, Issue 6 Ver. I. (Jun. 2014), PP 82-86 
 
 
 
 

 

P196

378 sur 745

http://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0CCoQFjAB&url=http%3A%2F%2Fwww.univh2m.ac.ma%2F&ei=I-0_VNrXN4XoaO_rgmg&usg=AFQjCNHOEYcQS30l99GZ93QCvVX9M4GEIw&bvm=bv.77648437,d.d2s


 
 

SOLVENT EXTRACTION OF COBALT(II) AND COPPER(II) BY CAPRIC ACID 
IN CHLOROFORM 

 
A.BARA 1 and D. BARKAT 1 

 
1 Laboratory of Molecular Chemistry and Environment, University of Biskra, 07000 Biskra, Algeria 
 
 
Abstract 

Liquid-liquid extraction is one of the most useful techniques for selective removal 
and recovery of metal ions from aqueous solutions, applied in purification processes 
in numerous chemical and metallurgical industries. 

In this work, The liquid-liquid extraction of cobalt(II) and copper(II) from aqueous 
solution by capric acid (HL) in chloroform at 25°C has been studied. Our interest in 
this paper is to study the effect of concentration of capric acid on the extraction of 
Co(II)  and Cu(II) to see  the complexes  could be formed in the organic phase 
using  various concentration of capric acid. 
 

The extraction of cobalt(II)and copper(II)  is extracted as the complex CoL2(HL )2, 
CuL2(HL)2 . 

 
Keywords:   Capric acid; Cobalt(II); copper(II); Liquid-liquid extraction. 
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Açaí (Euterpe oleracea) is a fruit of a tropical palm tree native from Northern South 
America. These fruits are spherical dark grapes with small size (1.0-1.8 cm) which are 
much appreciated because of their nutritional properties such as high content of 
carbohydrates, proteins, fat and fibers. Açai also has a high content of anthocyanins 
and phenolics. For this reason açai has excellent biological properties such as 
antioxidant and anti-cancer properties. In recent years a large number of foods made 
from açai, such as jams, concentrates, extracts, etc., are being commercialized so it is 
necessary to develop extraction techniques and analysis of these compounds. 
Microwave Assisted Extraction has been used. The optimization of the extraction 
variables (% methanol, pH, temperature and ratio mass/solvent) was performed using 
the Box-Behnken methodology considering the total amount of anthocyanins on the 
one hand and total phenolic compounds on the other hand. Four anthocyanins were 
identified (cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, peonidin-3-O-glucoside 
and peonidin-3-O-rutinoside) using UPLC-Q-ToF-MS. Anthocyanins were analyzed by 
UPLC-UV-Vis and total phenolics by the Folin-Ciocalteu spectrophotometric method. 
The percentage of methanol is the most critical variable in extracting anthocyanins 
and the extraction temperature and the percentage of methanol are the most critical 
for the total phenolics. The methods developed have a good repeatability and 
reproducibility (RSD < 5%). The two methods developed have been used for the 
analysis of anthocyanins and total phenolics in foods made with acai.  

 
Keywords: açai, anthocyanins, phenolic compounds, microwave assisted extraction 
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Açaí (Euterpe oleracea) is a fruit of a tropical palm tree native from Northern South 
America. These fruits are spherical dark grapes with small size (1.0-1.8 cm) which are 
much appreciated because of their nutritional properties such as high content of 
carbohydrates, proteins, fat and fibers. Açai also has a high content of anthocyanins 
and phenolics. For this reason açai has excellent biological properties. In recent years 
a large number of foods made from açai, such as jams, concentrates, extracts, etc., 
are being commercialized so it is necessary to develop extraction techniques and 
analysis of these compounds. Pressurized Liquid Extraction has been used. The 
optimization of the extraction variables (% methanol, pH, pressure, temperature, 
purge and wash) was performed using the Box-Behnken methodology considering the 
total amount of anthocyanins on the one hand and total phenolic compounds on the 
other hand. Four anthocyanins were identified (cyanidin-3-O-glucoside, 
cyanidin-3-O-rutinoside, peonidin-3-O-glucoside and peonidin-3-O-rutinoside) using 
UPLC-Q-ToF-MS. Anthocyanins were analyzed by UPLC-UV-Vis and total phenolics 
by the Folin-Ciocalteu spectrophotometric method. The percentage of methanol is the 
most critical variable in extracting anthocyanins and the extraction temperature is the 
most critical for the total phenolics. The methods developed have a good repeatability 
and reproducibility (RSD < 5%). The two methods developed have been used for the 
analysis of anthocyanins and total phenolics in foods made with acai.  
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The jabuticabeira is a fruit-bearing tree that belongs to the Myrtaceae family, which 
grows naturally in a large area of Brazil. The tree produces round grape-like fruits with 
a reddish-black peel and a mucilaginous whitish pulp that is both sweet and sour, and 
very tasty. Jabuticaba peels are a source of anthocyanins, the flavonoids responsible 
for the dark colour of the fruit. These pigments possess potent antioxidant and 
anti-inflammatory compounds, with antimutagenic and chemopreventive activities. In 
recent years a large number of foods made from jabuticaba, such as jams, juices 
concentrates, extracts, liquors, etc., are being commercialized so it is necessary to 
develop extraction techniques and analysis of these compounds. Pressurized Liquid 
Extraction has been used to extract both anthocyanins and total phenolic compounds. 
The optimization of the extraction variables (% methanol, pH, temperature, pressure, 
wash and purge) was performed using the Box-Behnken methodology considering the 
total amount of anthocyanins on the one hand and total phenolic compounds on the 
other hand. Three anthocyanins were identified (cyanidin-3-O-glucoside, 
delphinidin-3-O-glucoside and peonidin-3-O-glucoside) using UPLC-Q-ToF-MS. 
Anthocyanins were analyzed by UPLC-UV-Vis and total phenolics by the 
Folin-Ciocalteu spectrophotometric method. The percentage of methanol and the pH 
of the solvent of extraction are the most critical variables in extracting both 
anthocyanins and total phenolics. The methods developed have a good repeatability 
and reproducibility (RSD < 5%). The two methods developed have been used for the 
analysis of anthocyanins and total phenolics in foods made with jaboticaba.  

 
Keywords: jabuticaba, anthocyanins, phenolic compounds, pressurized liquid extraction 
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A Box Behnken Design (BBD) in conjunction with multiple response optimizations was 
performed to develop the simultaneous separation of twenty phenolic compounds in 
rice grains by Ultrahigh Performance Liquid Chromatography (UPLC) coupled with 
Photodiode Array (PDA) detector. The gradient compositions of mobile phase and 
flow rate were optimized with respect to the resolutions of severely overlapping 
chromatographic peaks between the phenolic compounds and the analysis time. 
Additionally, two different stationary phases were also evaluated (Cortex C18 and BEH 
C18). A gradient program starts with 6.4% and rises to 32.6% of phase B in 3 minutes 
at flow rate of 0.6 mL min-1 using Cortex C18 was found to provide the best resolution 
for the separation of the 20 phenolic compounds. A complete validation of the method 
was accomplished reaching high precisions in terms of Coefficient of Variation (CV) 
lower than 2% for both repeatability and intermediate precision. The suitability of the 
method was checked by application to the analysis of pigmented and non-pigmented 
rice samples. The variations in the compositions and quantities of phenolics in rice 
samples analyzed by the developed method disclose the effect of varietal differences. 
Hence, this particular chromatographic method was demonstrated to be an excellent 
alternative for a fast and reliable determination of phenolic compounds in a wide 
range of rice variety.    

 
Keywords: Phenolics, rice, UPLC, Box Behnken Design 
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Lemzeiet is a traditional couscous manufactured with fermented durum wheat. In the 
present study we investigate the technological and cooking qualities of Lemzeiet 
prepared from two different formulas, according to a traditional diagram used in the 
region of Constantine (North East of Algeria). The formulas used are: 100% fermented 
wheat with 30% of semolina, 70% fine flour (dkak) and designated CBF100%; the 
second formula is 30% couscous (made from unfermented wheat) and 70% fine flour 
(dkak) of fermented wheat and designated CBF70%. The two samples of couscous were 
valued according to: their technological quality (productivity, granulometry, moisture, 
density and microscopic structure) and their cooking quality (swelling index, 
disintegration level and cooking correspond to time of the gelatinized starch).  
Couscous obtained from the two formulas has: the particle size of 440-2670 µm, two 
shapes (spherical and oval) and a dark brown color. Couscous CBF100% and CBF70% 
respectively have: 80% and 70% of productivities and 0.68 ± 0.01 g/ml and 0.64 ± 0.005 
g/ml of densities. The moistures of couscous are 8.43 ± 0.080% (CBF100%) and 8.714 
± 0.066 (CBF70%). The swelling kinetic in water (100°C) of couscous is maximal: at 20 
min for CBF100% and after 40 min for CBF70%. There is no difference between the two 
couscous samples for the cooking loss test. The cooking optimal time of couscous is 
estimated after 20 min for 100% CBF and 16 min for CBF70%. The two formulas have 
given the couscous with nearest quality characteristics. 

 
Keywords: Couscous Lemzeiet, fermentation wheat, traditional manufacture, couscous 
formulas, technological and cooking qualities 
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Obesity and weight loss are unavoidable issues in the life of modern man. Obesity is a 
condition in which the BMI (Body Mass Index) of the human body over 25 and occurs 
as a result of an imbalance between high energy intake and low energy consumption. 
Obese is called the person whose weight exceeds the normal weight of 15%.Since 
obesity is equally suffering children, young people and adults. The existence of 
multiple obesity increases the risk of diabetes, cardiovascular disease, and joint 
disease. Dissatisfaction with their appearance leads to general dissatisfaction and an 
overall decline in the quality of life. Adjusted diet involves selection of natural foods 
without additives, with less concentrate, without drastic dieting and preskaknja meal. It 
is necessary to take into account the quality and quantity of food, it is also important 
and the time at which the meals consume  and respect for the natural daily rhythms. 
For reduction diets can use two types of physical activity: aerobic, which helps to lose 
the calories and anaerobic that help to shape the body. Plants, primarily cereals, a 
variety of ways can suppress obesity. Some cereals have diverse effects, while being 
the most important perseverance and patience. In this paper we give detailed viewing 
results, where we examine the benefits of brown bread for weight loss (from grains of 
buckwheat, which successfully gives birth at altitudes above 1000 m asl in a clean 
eco-space) in relation to an "ordinary" white bread.  

 
Keywords: food, diet, bread, buckwheat, health, quality of life, obesity, weight loss, sports 
activities,  eco-environment  
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Calafate (Berberis microphylla) is an underexploited berry, which has high 
concentrations of anthocyanins and hydroxycinnamic acids, having interesting 
properties in health promoting. Numerous studies have shown epidemiologic and 
mechanistic data supporting the beneficial effects of phenolic compounds. In the last 
decade, it has been suggested that its metabolites would be the real bioactive 
molecules responsible for these effects. A great variety of phenolics acids are 
described as main metabolites of anthocyanin and hydroxycinnamic acids. 
GC-MS/MS is a powerful tool for their analysis; however it required a previous 
esterification in their hydroxy groups. The comparison of two derivatization reactions 
was evaluated. The first one was esterification with trimethylsilyl groups (TMS), using 
BSTFA/TMCS 10%. The other one was esterification with butyl groups, using 
tetrabutylammonium (TBA) salts.  
The data was obtained in Scan and MRM modes to characterize and quantify a mix 
with over 40 phenolic compounds, including phenols, benzoic, phenylacetic, 
3-phenylpropionic and cinnamic acid families. 
Butylation efficiency of TBA+ salts in the presence of different anions was evaluated 
using a multivariate optimization. Three parameters were evaluated: TBA+ 
concentration, injector port temperature and reaction time. The optimized condition 
was 0.1M TBA+OH- at 380°C during 2 minutes. 
Moreover, trimethylsilylation efficiency was evaluated using previously reported 
monovariate optimization of two parameters: reaction temperature and reaction time in 
controlled humidity conditions. The optimized condition was 90°C during 30 minutes. 
Serum samples treatment using MEPS devise evaluating C-8 and C-18 are in 
progress. 

  
Keywords: GC-MS/MS, Derivatization reactions, Phenolic acids, Calafate 
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Food colorants are substances added to food and soft drinks during their manufacture 
or processing. They are used for compensating the loss of natural colors and with the 
aim of enhancing the aesthetic appeal of foodstuff to the consumer. However, some of 
these chemicals represent a potential risk to human health, especially if they are 
excessively consumed1,2. Food colorants has been widely studied and their reduction 
mechanism is well known3. However, it is possible to study these dyes by their 
oxidation signals onto different modified and unmodified electrodes4-6. The aim of this 
work is to study their electrooxidation onto glassy carbon electrode as a first approach 
to their determination in soft drinks used in Chile. 
The electrochemical behavior of tartrazine (Tz), sunset yellow (SY), carmoisine (Car), 
allura red AC (All) and ponceau 4R (Pon) was studied. The influence of scan rate, 
accumulation time and pH is discussed. The oxidation of these colorants is pH 
dependent, irreversible for Tz, All and Car; quasi-reversible for Pon and ECirrev for SY. 
All colorants exhibiting a well-defined oxidation peaks at pH 7.0 by differential pulse 
voltammetry. Under the optimal conditions, the detection and quantification limits and 
reproducibility were calculated following the oxidation signal of each colorant. The 
peak current of the colorants increased linearly with their concentration in the ranges 
of 0.45-7.00 µM for yellow dyes (Tz, SY) and 0.20-10.0 µM for red dyes (All, Pon, Car). 
The LODs obtained allowed us to apply this unmodified electrode to study these 
colorants in soft drinks. 
 
 
Keywords: food colorants, electrooxidation 
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The analytical method of heavy metals such as lead and cadmium in Cocoa product 
and Chocolates has been validated using microwave device and inductively coupled 
plasma-mass spectrometry. Inaccurate results for the determination of lead and 
cadmium in modified milk powder was attributed to the non-spectral interferences as 
matrix effect, because of high levels of various coexistent elements (Ca, Mg, Na, K 
etc.). Therefore, heavy metals in modified milk powder was determined using internal 
standards in standard mode of ICP-MS. Whereas analysis of heavy metals in Cocoa 
product and Chocolates with no matrix effect was performed with external standard 
quantitation in standard mode. Validation tests including determination of LOD and 
LOQ, calibration curve linearity test, repeatability of analysis and matrix extraction 
efficiency (recovery) test were conducted. Overall recoveries of heavy metals were 
97.4~101.5% and 92.5~100.2% in Cocoa Product and Chocolates, respectively. 
These validated methods were proven to be reproducible and sensitive enough to 
determine heavy metals in various foods. 
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Sugar alcohols (polyols) such as erythritol, maltitol, and xylitol are commonly used to 
replace sugars in diet chocolates. So, the determination of these polyols in chocolate 
is important for nutrition information and quality control. Capillary electrophoresis with 
capacitively coupled contactless conductivity detection (CE-C4D) is interesting for 
determination of polyols, because these compounds have poor UV/Vis absorptivity. 
By using complex formation between boron and polyols, resulting in negative charge 
species, a novel CE-C4D method for determination of polyols in diet chocolate was 
developed. The CE separations were conducted in a homemade CE-C4D system 
using a bare fused silica capillary column with 70 cm total length (62 cm effective) and 
50 µm internal diameter, under 25 kV separation voltage. The background electrolyte 
(BGE) was composed by 25 mmolL-1 sodium borate, with pH adjusted to 8.5. The 
polyols were extracted from 0.1000 g of powdered diet chocolate with ultra-pure water, 
under sonication. The aqueous extracts were diluted 100-fold in BGE before the 
injections. The separation of erytritol, maltiol, xylitol, and sorbitol was achieved in less 
than 7 min, and good peak resolutions were attained. Analytical curves (100 to 1000 
µmolL-1) showed good determination coefficients (R2), from 0.996 to 0.999. The LOD 
were 32, 10, 18, and 15 µmolL-1 and the LOQ were 107, 34, 61, and 50 µmolL-1 to 
etythritol, maltitol, xylitol, and sorbitol, respectively. The recovery results for all studied 
polyols in seven different commercial samples of diet chocolate were acceptable 
(close to 100%), demonstrating good accuracy of the CE-C4D method. 

 
Keywords: Sugar alcohols, polyols, diet chocolate, capillary electrophoresis, capacitively 
coupled contactless conductivity detection 
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The consumption of potato crisps has increased in the last years, since this snack is 
highly appreciated, especially by young people, due to the pleasant taste and texture. 
Nowadays, there are several types of potato crisps available in the market, namely 
original potato crisps, potato crisps cooked in the oven and potato crisps with added 
flavours. 
The aim of this study was to determine the fatty acids (FA) profile of fourteen brands 
of potato crisps with flavour. The collection was performed in the major supermarkets 
chains of Lisbon, and included samples with flavour of ketchup, mustard, smoked ham, 
cheese and onion, sour cream with onion and hot & spicy. Fatty acids were derivatized 
to their correspondent methyl esters using a methanolic solution of potassium 
hydroxide. Analyses were performed in a gas chromatograph (HP 6890 series) 
equipped with a flame ionisation detector. Our results showed that saturated FA 
content varied between 0.824 ± 0.0 and 13.8 ± 0.0 g/100 g of edible portion, while 
monounsaturated FA ranged from 6.22 ± 0.0 to 25.4 ± 0.0 g/100 g. The highest content 
of elaidic acid (C18:1,trans-9) (308 ± 3.4 mg/100 g) was found in potato crisps with 
sour cream and onion.  
The level of trans FA found in the analysed potato crisps was always lower than 1%. 
In 57% of the analysed samples, the major FA were monounsaturated, while for 29% 
were polyunsaturated and 14% were rich in saturated FA. 
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Total fat and salt contents are crucial factors for the nutritional quality of nuts. In the 
last years, several studies have reported the importance of nuts consumption to 
promote health benefits, especially those related with the prevention of cardiovascular 
diseases. The overall objective of this study was to compare the total fat and salt 
contents of 21 samples of natural and processed nuts (walnuts, pistachios, broad 
beans, corn, hazelnuts, cashews, almonds, peanuts and mixtures of different nuts). 
Natural nuts have nothing added, while processed have honey, salt and/or other 
ingredients. The selected nuts were analysed regarding their moisture, fat and salt 
contents. Moisture content was determined by gravimetric method. For total fat, acid 
hydrolysis followed by Soxhlet extraction with petroleum ether was used, while for salt 
determination Charpentier-Volhard’s titration was performed. The results are 
expressed in g/100 g of edible portion. Total fat content varied between 12.3 ± 0.3 and 
72.9 ± 0.3 g/100 g, for corn and walnuts, respectively. With respect to salt content a 
range from 0.0291 ± 0.0 (natural walnuts) to 2.65 ± 0.0 g/100 g (pistachio) was 
obtained. The analysed natural nuts presented the lowest salt content (0.0291 – 0.105 
g/100 g). World Health Organization recommends a daily salt intake below 5 g. 
Therefore, it is of utmost importance to increase the variety of natural nuts available in 
the market, since these have much lower contents of salt than the processed nuts, and 
at the same time provide significant amounts of unsaturated fatty acids. 
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Aromatic plants have been used in cooking and in folk medicine for centuries. However, 
in the last few years aromatic plants have received particular attention due to their 
simple and efficient contribution to decrease salt daily intake. 
The present study evaluated the two biologically active forms of vitamin C, L-ascorbic 
acid and dehydroascorbic acid, by high performance liquid chromatography coupled 
with diode array detector (HPLC-DAD). 
Fresh aromatic plants were acquired in local supermarkets from Lisbon (Portugal) 
region. Results are given in mg per 100 g of edible portion. The following plants were 
selected for the study: parsley (Petroselinum crispum Mill.), sage (Salvia officinalis L.), 
thyme (Thymus vulgaris), rosemary (Rosmarinus officinalis L.), oregano (Origanum 
majorana L.), tarragon (Artemisia dracunculus L.), basil (Ocimum basilicum L.), 
marjoram (Origanum majorana L.), pennyroyal (Mentha pulegium L.), coriander 
(Coriandrum sativum L.), chives (Allium fistulosum L.) and bay laurel (Laurus nobilis 
L.). 
A tris-[2-carboxyethyl] phosphine hydrochloride solution was used to reduce the 
oxidized forms of vitamin C into L-ascorbic acid. 
Only parsley, chives, coriander and bay laurel contained both ascorbic acid and 
dehydroascorbic acid. The results obtained for rosemary (22.7 mg/100 g) were similar 
to those from USDA National Nutrient Database (21.8 mg/100 g). The contribution of 
the analyzed aromatic herbs for the intake of vitamin C was assessed, taking into 
account the Dietary Reference Intake (DRI) for vitamin C established by the Food and 
Nutrition Board of the Institute of Medicine, National Academy of Sciences (healthy 
males 90 mg/day; healthy females, 75 mg/day). 

 
Keywords: aromatic plants; dietary reference intake; high performance liquid chromatography; 
vitamin C 
 
Acknowledgements: This work was supported by the project PTDC/AGRTEC/3366/2012 - 
Acknowledgements: Rose4Pack (Biodegradable active packaging with rosemary extract 
(Rosmarinus officinalis L.) to improve food shelf-life) and funded by the Foundation for Science 
and Technology (FCT) and COMPETE Program (FCOMP-01-0124-FEDER-028015). Denise 
Costa is grateful for the research grant under the project Rose4Pack. Tânia Albuquerque is 
grateful for research grant (BRJ/DAN-2012) funded by National Institute of Health Dr. Ricardo 
Jorge, I.P. 

P210

392 sur 745



 
 

RAPID METHODS IN FOOD ANALYSIS: FUMONISIN DETECTION BY QD-LFIA 

 
Fabio Di Nardo1, Laura Anfossi1, Cristina Giovannoli1, Cinzia Passini, Irina Yu Goryacheva2, 
Elena Sergeevna Speranskaya2 and Claudio Baggiani1 
 
1 Laboratory of Bioanalytical Chemistry, University of Torino, Torino, 10125, Italy 
2 Chemistry Department, Saratov State University, Saratov, 410012, Russia 

 
Fluorescence immunoassay is widely used to detect the presence of proteins, viruses, 

antibodies, hormones or toxins in various samples. However, many of the organic dye 

and protein-based fluorophores currently in use, suffer from serious chemical and 

photophysical liabilities such as pH dependence, self-quenching at high 

concentrations, susceptibility to photo-bleaching, short-term aqueous stability, short 

excited state fluorescent lifetimes. Recently, fluorescent immunodetection has been 

further improved by the development of Quantum Dots. 

Quantum Dots (QDs), also called semiconductor nanocrystals, are mainly composed 

by elements of the II–VI or III–V groups with diameters in the range of 2-10 nm. 

Compared to conventional fluorophores, QDs have excellent fluorescent properties, 

such as high quantum yields, size-tunable fluorescence and broad absorption spectra, 

narrow and symmetric emission spectra, large molar extinction coefficients, strong 

fluorescence intensity, and high resistance to photobleaching. The unique advantages 

that QDs offer with respect to conventional dyes have increasingly led to their use in 

immunoassay detection. 

Among the various immunoassay formats, Lateral Flow Immunoassay (LFIA) is of 

particular interest because it offers many advantages such as user-friendly format, 

rapid detection, no requirement of complicated equipment or technical expertise and 

relatively low cost. 

In this communication, the QDs usage as probes for the development of a fluorescent 

LFIA for fumonisin detection in maize will be discussed. The developed QD-LFIA 

shows a limit of detection of 2.8 µg L-1 and an analytical working range of 2.8-350 µg 

L-1 (corresponding to 28-3500 µg Kg-1 in maize flour samples, according to the 

extraction procedure). 

 
Keywords: Lateral Flow Immunoassay, Quantum Dots, Food Analysis, Fumonisin 
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Lipidomic analyses typically start with extraction of the lipids from the sample followed 
by LC separation, which is performed based on lipid classes (normal-phase LC) or 
species (reversed-phase LC), prior to MS detection which is performed in untargeted, 
class-specific, or targeted way. An intermediate pre-separation step (e.g. solid-phase 
extraction) is usually needed, if a comprehensive analysis of the individual lipid 
species is desired, within the different lipid classes (from the most 
apolartriacylglycerols to the more polar glycerophospholipids). Combining hydrophilic 
interaction LC (HILIC) to RP-LC can provide a convenient shortcut, affording both 
class-type and species-type separation, with a considerable saving in terms of time 
since a complete lipid fingerprinting can be obtained, without the need for tedious SPE 
procedure, and within a single analysis. The hyphenation to tandem MS or MSn brings 
additional information in terms of selectivity, specificity and structural information and 
can thus provide a matched-dimensionality system.  
The coupling of two independent forms of liquid chromatography (LC), such as    
hydrophilic interaction (HILIC) and reversed-phase (RP-) in a comprehensive manner 
(LC×LC) can provide a convenient shortcut to conventional work-flows used in 
lipidomics, affording both class-type and species-type separation at the same time, 
prior to tandem mass spectrometry detection (MS/MS). Such multidimensional 
approaches are becoming even more widespread, especially in the comprehensive 
mode (LC×LC). 
A fully automated LC×LC-MS/MS system is here presented, in which high 
orthogonality was obtained by comprehensively interfacing HILIC in 1D to RP-LC in 2D, 
and exploiting the MSn capability and high mass accuracy of an hybrid ion trap-time of 
flight (IT-TOF) MS detector. Applications to seafood samples are illustrated. 
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While adhering to the basic principles of supercritical fluid chromatography (SFC), 
ultra performance convergence chromatography (UPC2) brings in the added 
advantage of a reduced system volume, resulting in a greatly reduced run time, 
improved resolution, and increased detection sensitivity.  
This study describes the separation of carotenoids in foodstuffs (pepper) on an 
unendcapped, low-coverage  bonded-phase octadecylsylil column, without the need 
for time-consuming evaporation and reconstitution step after extraction, in a short time, 
and with organic solvent consumption reduced, noteworthy. The eluted fractions from 
UPC2 were collected and further analysed by liquid chromatography (LC) with 
photodiodearray and mass spectrometry detection. The separation mechanisms 
observed by the two techniques resulted almost orthogonal, despite the similarity of 
the stationary phases. This allowed to collect four different fractions eluting from the 
UPC2 and to investigate them by conventional LC, obtaining a very detailed 
identification of the native (unsaponified) carotenoids present in green, yellow and red 
peppers.  
The results showed that the unripe fruit greatly differs in composition from the ripen 
one, and that the presence of carotenoids esters is dependent on the ripeness stage 
of the fruit. A quantitative analysis of beta-carotene is also demonstrated. 
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Olive oil can become contaminated with polynuclear aromatic hydrocarbons (PAHs) 
through exposure of the olives to pollution in the environment. Concern over exposure 
to these compounds has resulted in European Union Commission Regulation No 
835/2011. This regulation sets a maximum limit for PAHs in edible oils of 2 ng/g 
benzo[a]pyrene alone, and 10 ng/g total for the sum of benzo[a]pyrene plus three 
additional PAHs.    
Low level PAH analysis is commonly done by either GC-MS or HPLC-FLD.  Oily/fatty 
samples present an analytical challenge due to the heavy matrix effects often 
encountered. In the case of GC-MS, fatty matrix can cause contamination of the GC 
inlet, column and detector. In the case of HPLC, matrix can build up on the column, 
resulting in loss of chromatographic efficiency and /or an increase in system 
backpressure. Various cleanup techniques exist for fatty samples, including gel 
permeation chromatography, liquid/liquid extraction, and solid phase extraction (SPE), 
and some can be time consuming and expensive. The technique chosen for cleanup 
often depends on the analytical technique, specific target analytes, and required 
detection levels. 
In this work, a new SPE cartridge containing two different sorbent layers was 
evaluated in the simultaneous extraction and cleanup of PAHs from olive oil. The 
layers consist of Florisil and a mix of Z-Sep/C18.  Olive oil sample was loaded 
directly onto the SPE cartridge, followed by elution of the PAHs with acetonitrile while 
fatty matrix remained bound to the sorbents. The resulting extract was concentrated, 
and analyzed by both GC-MS and HPLC-FLD.  The dual-layer SPE cartridge was 
evaluated with olive oil samples spiked with light and heavy PAHs, and found to yield 
recoveries of >70% and %RSD values <15% for most compounds. 

 
Keywords: Polynuclear Aromatic Hydrocarbons, PAH, Olive Oil, Food Analysis, Fatty matrix 
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In our work we propose lavender flowers (Lavandula Officinalis), roses flowers (Rosa L) 
and rosehip flowers (Rosa Canina) as unusual ingredients for various kinds of food. We 
evaluated the influence of the natural ingredients on the quality indicators of the 
obtained products. It is known that lavender flowers are used as a condiment and in 
salads and dressings and they are occasionally blended with black, green, or herbal 
teas. Also, all roses are edible, being perfect for floating in drinks or scattering across 
desserts, while rosehips are occasionally made into jam, jelly, marmalade, and soup or 
are brewed for tea or rose hip syrup, primarily for their high vitamin C content. Though 
these natural flowers has many other traditional uses, they are not used in traditional 
cooking. We obtained new types of bread and yogurt with the mentioned edible flowers. 
The quality indicators as: acidity, porosity, microbiological content, of the new food 
obtained were estimated and compared against the parameters of the classical 
products. The acidity (in 0T) for bread with lavender flowers is 3.6, and with rosehips is 
2.0, while the acidity (in 0T) after 6 hours for yogurt samples with roses was 85.0, with 
lavender was 87.0 and with rosehips 88.0. The measurements for dough and bread 
acidity, bread porosity, microbiological evaluation of yogurt, acidity of yogurt showed 
that the obtained values are within the accepted maximum limits.  

Keywords: analytical evaluation of food acidity, edible flowers, bread porosity, Lavender 
Officinalis, 
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Fruits and vegetables have beneficial health effects due to the content of bioactive 
substances as phenolic compounds and glucosinolates, which have antioxidant 
capacity, anti-inflammatory and antitumor effects. Nowadays, minimal processing is 
applied to fruits and vegetables because the advantages of these fresh-cut products 
as availability and diversity. However, one of the main consumers’ concerns is related 
to the level of bioactive compounds in this type of products in relation to the fresh 
matrices. Moreover, the content of these bioactive compounds could change 
throughout the different seasons of the year.  
Therefore, this study applies a fast method based on ultra high performance liquid 
chromatography coupled to triple quadrupole tandem mass spectrometry 
(UHPLC-QqQ-MS/MS) for the simultaneous determination of bioactive compounds 
including phenolic acids, isoflavones, flavones, flavonols and glucosinolates. The 
extraction method was fast and simple, and it was based on solid-liquid extraction 
using a mixture of methanol:water (80:20, v/v). 
The proposed method was applied in different types of fresh and fresh-cut (at several 
presentations as sliced, grated and diced) products as tomato, carrot, broccoli, 
eggplant and grape during one year. The content of bioactive compounds in fresh and 
fresh-cut products were compared as well as the content in the four seasons 
evaluated. There were not significant differences between the levels found in fresh 
and fresh-cut products. However, it was observed that the content of bioactive 
compounds has shown significant differences during one-year monitoring and the 
several families of compounds analyzed have different behavior according to the 
matrix evaluated.  
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Ginkgo biloba is one of the oldest living tree species, existing on earth since 200 
million years. Its leaf extracts have been used in nutraceutical products due to 
potential benefit in alleviating symptoms associated with cognitive impairment, 
dementia or Alzheimer´s disease. 
These properties are attributed to some bioactive compounds present in ginkgo biloba. 
The most important are the terpene trilactones and flavonols glycosides. Moreover, 
three different classes of undesirable alkylphenols associated to allergic properties 
can also be found in this matrix. 
Therefore this study has developed an efficient and sensitive analytical method to 
achieve a simultaneous determination of bioactive compounds from ginkgo biloba 
nutraceutical products by ultra high performance liquid chromatography coupled to 
Orbitrap, utilizing a database with 65 compounds. In order to ensure quality of these 
products, Orbitrap analyzer allowed retrospective analysis, which it is a very useful 
tool to detect possible adulterations as well as to improve the knowledge of the 
composition, detecting ginkgolic acids without the need of standards.  
Thus, bioactive compounds were extracted using a mixture of an aqueous solution of 
MeOH:H2O (80:20, v/v) in two sequential solid-liquid extractions. This method was 
validated, obtaining adequate parameters, such as, determination coefficients higher 
than 0.99, and intra and inter-day precision lower than 17 and 22 %, respectively.   
Regarding bioactive compounds content, higher concentrations were observed for 
flavonols, with percentages ranging from 39.7 to 85.9 %, followed by terpenoids 
(3.2-44.7 %), being the main compounds quercetin-3-O-rutinoside (5 out of 11) and 
(-)-bilobalide (4 out of 11) respectively.  
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Nowadays, large amounts of medicines and food dual-purpose herbs are used 
throughout the world. Nutraceutical products fall under the wide definition of functional 
foods, understood as those foods and food components that are believed to improve 
overall health and well-being, reducing the risk of specific diseases, or minimizing the 
effects of other health concerns. Many substances, such as pesticides, are frequently 
applied during herbs growing process in agriculture for demolishing or controlling any 
pest. Therefore, nutraceutical products are liable to contain pesticide residues, which 
can be accumulated from agricultural practices and storage periods. Because many 
dietary supplements are largely derived from botanical sources, they must be tested 
for pesticide contaminants in order to check they are safe for human consumption. 
In this work, a QuEChERS (acronym of Quick, Easy, Cheap, Effective, Rugged and 
Safe) like method is proposed for the determination of 177 pesticides in nutraceuticals 
obtained from soy using gas chromatography coupled to triple quadrupole mass 
spectrometry (GC-QqQ-MS/MS). A clean-up step was necessary, testing several 
sorbents such as primary secondary amine (PSA), graphitized carbon black (GCB), 
C18, Florisil and zirconium oxide (Z-Sep+). The method was validated taking into 
account trueness, precision, limits of detection (LODs) and quantification (LOQs). 
Recoveries were between 70 and 120% and precision were always below 20%. LODs 
achieved were between 0.1 and 10 µg kg-1, while LOQs were between 0.5 and 20 µg 
kg-1. The validated method was applied to commercial soy-based nutraceuticals, 
finding two pesticides: malathion (11.1 µg kg-1) and pyriproxyfen (1.5 µg kg-1).   
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Food is always a hot topic discussion and in the focus of “state of the art” analytical 
techniques. Food scandals all around the world from eggs to horsemeat, tainted wine, 
oil, and milk forces the European community to establish an integrated approach on 
food control. 

Due to the globalization the food is no longer a local product, but transported over 
thousands of kilometers. That´s why food needs preservation to be robust against long 
transport, needs cooling and sophisticated packaging. Strict and steady control from 
the origin of the food to the final product is needed to protect consumers against 
undesired contaminations and guarantee a high level of quality. Recent examples are 
the European drinking water regulation, the European food safety regulations and the 
food and packaging directive. In all of those applications it is essential to provide the 
right tools in order to support the accurate monitoring of harmful substances in our 
environment.  

The most suitable technique for quantitative analysis of heavy metals in food and food 
packaging is ICP-OES spectrometry. Experimental data of elements such as antimony 
in food and food packaging will be presented and analytical results generated on the 
new simultaneous ICPE-9820 will be discussed. 
Keywords: Heavy Metals, ICP-OES Spectrometry, Food Analysis 
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PHTHALATE MIGRATION FROM PLASTIC MATERIALS TO EDIBLE OIL AND 
FOOD SAFETY EVALUATION 

 
Canan Ekinci Doğan1, Elmas Öktem Olgun1, Bülent Karadeniz 1 
 
1 TUBITAK MRC, Food Institute P.O. Box. 21 41470 Gebze – Kocaeli, Turkey 

 
Phthalate compounds are plasticizers which used in the polymer industry and added 
to plastic in order to increase the flexibility of plastics. However some of these 
compounds cause endocrine dysfunction in humans and animals by interfering with 
the production, release, transport, metabolism, binding or elimination of natural 
hormones in the body and are therefore recognized as endocrine disruptors. It was 
assured by several studies that the migration of phthalates from packaging materials 
containing these compounds to fatty foods is a source of food contamination because 
of their nonpolar properties.   
In this study phthalate compounds like butyl-benzyl phthalate (BBP), di-n-butyl 
phthalate (DBP), Diethyl phthalate (DEP), di-2-ethylhexyl phthalate (DEHP) and 
di-n-octyl phthalate (DnOP) determination were determined in edible oils contact with 
plastic materials like cling films, storage bag, oven cooking paper  and plastic bags.  
Moreover phthalate compounds were analyzed in cooking oil contact with plastic 
bottles. Phthalates analysis in edible oil were done in two different system which is 
gas chromatography mass spectrometry (GC-MS) and Liquid chromatography triple 
quadruple mass spectroscopy (LC-MS/MS)  after extraction with acetonitrile. The 
standard calibration curves were linear for all the analytes over the concentration 
range of 10–50 ng mL−1, and the correlation coefficients ranged from 0.9992 to 0.9999 
for both systems. The LODs and LOQs were in the ranges of 0.02–1.6 μg kg−1 and 
0.06–5.2 μg kg−1, respectively. Recovery studies were done with two different FAPAS 
proficiency test samples and found as ≥90%. Results were evaluated from the food 
safety framework. 

 
Keywords: Phthalate compounds, Food Contact Materials, GC-MS, LC-MS/MS. 
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MIGRATION OF BISPHENOL A INTO CANNED FOOD IN TURKEY: METHOD 
COMPARISION  

 
Canan Ekinci Doğan1, Mustafa Yaman1, Bülent Karadeniz 1, Elmas Öktem Olgun1 

 
1 TUBITAK MRC, Food Institute P.O. Box. 21 41470 Gebze – Kocaeli, Turkey 

 
Bisphenol A(BPA) is a starter monomer in the manufacturing of epoxy resins and 
polycarbonates. In the literature studies BPA migration were reported to canned food 
from plastic materials and cans. 
In this study BPA migrating from canned food in the market was determined by 
different liquid chromatography techniques like HPLC/UV and fluorescence detector 
and LC-MS/MS. Validation study of techniques was performed according to linearity, 
LOD, LOQ, repeatability and reproducibility criteria. Moreover BPA controls were 
checked with FAPAS proficiency test and recovery studies from the food samples. All 
results were evaluated in the food safety regulations.  
The standard calibration curves were linear for all the BPA over the concentration 
range of 5–1000 ng mL−1, and the correlation coefficients ranged from 0.999 for all 
systems. LOD of the BPA was foun under the 5 ng ml-1.Recovery studies were done 
with FAPAS proficiency test samples and found as ≥90%.  

 
Keywords: Bisphenol A (BPA), Canned Fish, HPLC, LC-MS/MS. 
 
 
 

P221

403 sur 745



 
 

INVESTIGATION OF ANTIMONY AND TAINT SOURCES IN PET BOTTLES, 
PREFORMS, CLOSURES AND BOTTLED DRINKING WATER BY HEADSPACE 

GC-MS AND ICP-MS 

 
Canan Ekinci Doğan1 
 
1 TUBITAK MRC, Food Institute P.O. Box. 21 41470 Gebze – Kocaeli, Turkey 

 
 
In the last ten decades bottled drinking water demand has been increased because of 
the hygiene problems of tap water in Turkey, as in the world. According to Packaged 
Water Manufacturers Association (SUDER) Turkish bottled water market volume is 
reached about totally 10.4 billion liters which is 6.4 billion liters of carboys and 4.1 
billion liters of PET and the total turnover is reached about 4.64 billion TL in the end of 
the 2014. However consumers would like to prefer disposable PET bottles because of 
unpractical usage of glass bottles and bisphenol-A risk and reusable number of 
carboys in Turkey. 
In this study aldehyde compounds such as acetaldehyde amount were performed in 
bottled water in different volumes (0.5 L, 1.5 L and 5 L), their plastic blue closures and 
preform material by gas chromatography Mass Spectroscopy and metal analysis like 
antimony and cobalt by Inductively Coupled Plasma mass spectroscopy (ICP-MS) 
according to manufacturer demands. Moreover colour measurement was done with 
PET, preform and closure samples. Moreover taint problems about PET materials 
were studied by head space GC-MS. Results were not found suitable according to 
literature. Antimony migration results were found under migration limit. Acetaldehyde 
migration results were under migration limit for drinking water in PET bottles. Results 
were evaluated according to food safety content.  
 
 
  

 
Keywords: PET bottled drinking water, Taint, Acetaldehyde, Antimony. 
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LIQUID CHROMATOGRAPHY AND MASS SPECTROMETRY FOR THE 
DETERMINATION OF SPIROCYCLIC TETRONIC ACID DERIVATIVES AND 
NEONICOTINOID INSECTICIDES IN VEGETABLES USING DISPERSIVE 

LIQUID-LIQUID MICROEXTRACTION 

 
José Fenoll1, Marta Pastor-Belda2, Natalia Campillo2, Pilar Viñas2, Isabel Garrido1, Pilar 

Hellín1 and Pilar Flores1. 

 
1 Equipo de Calidad Alimentaria. Instituto Murciano de Investigación y Desarrollo Agrario y Alimentario 
(IMIDA). C/ Mayor s/n. La Alberca, Murcia, 30150, Spain  
2 Department of Analytical Chemistry, Faculty of Chemistry, Regional Campus of International Excellence 
"Campus Mare Nostrum", University of Murcia, Murcia, 30100, Spain 

 
Insecticides are widely used to destroy and mitigate insect pests, permitting to 

obtain high production and quality of food. Nevertheless, their use is not free of 
drawbacks, considering their toxicity to humans and other species. The present 
communication deals with the quantification of five neonicotinoid insecticides 
(thiamethoxam, clothianidin imidacloprid, thiacloprid and acetamiprid) and three 
spirocyclic tetronic/tetramic acid derivatives (spirodiclofen, spiromesifen and 
spirotetramat) in different fruits and vegetables using dispersive liquid-liquid 
microextraction (DLLME) combined with liquid chromatography and tandem mass 
spectrometry (LC-MS2), with electrospray ionization and a triple quatrupole as 
analyser, in the multiple reaction monitoring (MRM) mode. The analytes are released 
from the solid matrix samples by single-phase extraction in acetonitrile, using sample 
masses of 3 g. The different parameters affecting the extraction efficiency in DLLME 
were optimized, being 3 mL of the acetonitrile extract (disperser solvent) rapidly 
injected along with 100 µL of CHCl3 (extractant solvent) into 10 mL of a 1% m/v 
sodium salt aqueous solution, the selected conditions. The enriched extract was 
evaporated and reconstituted with 25 µL acetonitrile, 10 µL being injected in the LC 
system. A gradient elution programme using formic acid 0.1% and acetonitrile 
provided a good resolution of the analytes, being eluted with retention times in the 
6.8-19.4 min by using a C18 stationary phase. A total of fifteen samples were analysed 
(tomato, pepper, lemon, orange and grapefruit) and, all of them showed to be free 
from the insecticides, at least above the corresponding detection limits.  

 
Keywords: Neonicotinoid insecticides, Spirocyclic tetronic acid derivatives, Vegetables, 
Dispersive liquid-liquid microextraction, Liquid chromatography-tandem mass spectrometry 
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COMPARING PROTEIN CHARACTERIZATION BY FT-IR, SDS-PAGE AND 
LC-MS/MS IN FILTRATED WHEY SAMPLES 

 
Daniel Fliegel1, Fiona Provan2 and Zahra Salimi1,3 
 
1 TINE SA, R&D, Oslo, Norway 
2 IRIS, Stavanger, 4068, Norway 
3 University Stavanger, Stavanger, 4068, Norway 

 
Whey was an undesired by product of the cheese production. However, within the 
change of diet preference, the protein rich whey gained much more attention as a 
food component and as a natural protein rich food additive. Several production 
processes are currently used or investigated to produce protein rich whey and whey 
products. One of these processes is micro and ultra-filtration which can yield in whey 
with defined compositions. However, to be able to produce whey with superior quality 
properties, for example the protein composition need to me known / adjusted during 
production process.  
Protein composition analysis can be done by various methods, however the gold 
standard – LC-MS/MS – is time consuming, complicated and expensive for an 
industrial production facility. Therefore this contribution investigates the possibility to 
use simpler methods such as FT-IR spectroscopy or SDS-PAGE for protein 
composition analysis of whey fractions and compare the results to LC-orbitrap-MS/MS 
analysis. Especially the use of FT-IR analysis would be desirable in a industrial dairy 
production context since molecular spectroscopy is the gold standard in dairy 
production analysis and readily available in each production plant 

 
Keywords: FT-IR, whey, protein analysis, LC-MS/MS 
 
 
A 

P224

406 sur 745



 
 
COMBINING SENSORY AND SPECTROSCOPIC ANALYSIS FOR QUALITY 
MONITORING OF CONSUMER MILK 
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The sensory quality of milk is the most important quality parameter for the consumer. 
However, milk is a delicate fluid, prone to spoilage by inappropriate handling such as 
mechanical stress, light induced decay and bacterial growth due to interruption of the 
cooling chain. All these can result in severe off-flavors making the milk unsellable to 
end-consumers.  
Today, every milk batch is evaluated by a sensory panel to secure quality integrity. 
This approach however is highly dependent on a qualified sensory panel at each 
production facility. Milk production runs the entire year and TINE has, due to the 
geographical constrains of Norway, a wide spread production network. Therefore, the 
continuous availability of unbiased sensory panels at each production facility can be a 
challenge. Each milk batch is, however routinely analyzed by molecular spectroscopy 
(FT-IR) prior and during the production process to monitor principle chemical 
compositions. The aim of this contribution was therefore to investigate whether routine 
FT-IR spectroscopy within the dairy industry can be used to replace and/or to 
complement sensory analysis for quality management of consumer milk. 
For this study, a set of controlled alteration experiments were performed with 
semi-skimmed consumer milk. The milk from several different dairies and dairy 
companies was altered mechanically, exposed to different wavelength and kept at 
different storage temperatures. The milk of these experiments was analyzed 
subsequently by both sensory and spectroscopic methods. The datasets were 
successively analyzed by multi variant statistical methods (PCA and PLS) in order to 
correlate spectroscopic and sensory analysis.  
 

 
Keywords: FT-IR, Sensory analysis, Dairy 
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THE USE OF TOMATO AMINOALDEHYDE DEHYDROGENASE 1 FOR THE 
DETECTION OF ALDEHYDES IN FRUIT DISTILLATES  

 
Jan Frömmel, Petr Tarkowski, David Kopečný and Marek Šebela 

 
Centre of Region Haná for Biotechnological and Agricultural Research, Faculty of Science, Palacký 
University, Šlechtitelů 11, 783 71 Olomouc, Czech Republic 

 
Plant NAD+-dependent aminoaldehyde dehydrogenases (AMADHs, EC 1.2.1.19) 
belong to the family 10 of aldehyde dehydrogenases and participate in the metabolism 
of polyamines or osmoprotectants. The enzymes are characterized by their broad 
substrate specificity covering ω-aminoaldehydes, aliphatic and aromatic aldehydes as 
well as nitrogen-containing heterocyclic aldehydes. The isoenzyme 1 from tomato 
(Solanum lycopersicon) oxidizes aliphatic aldehydes very efficiently and converts also 
furfural, its derivatives or benzaldehyde, which are present at low concentrations in 
alcoholic distillates such as fruit brandy. In this work, tomato AMADH1 was examined 
as a bioanalytical tool for their detection. These aldehydes arise from fermentation 
processes or thermal degradation of sugars and their presence is related to health 
complications after consumption including nausea, emesis, sweating, decrease in 
blood pressure, hangover headache etc. Sixteen samples of slivovitz (plum brandy) 
from local producers in Moravia, Czech Republic, were analyzed for their aldehyde 
content using a spectrophotometric activity assay with tomato AMADH1. In all cases, 
there were oxidative responses observed when monitoring NADH production in the 
enzymatic reaction. Aldehydes in the distillate samples were also subjected to a 
standard determination using reversed-phase HPLC with spectrophotometric and 
tandem-mass-spectrometric detection after a derivatization with 2, 4-
dinitrophenylhydrazine. Results obtained by both methods were found to correlate well 
for a majority of the analyzed samples. The possible applicability of tomato AMADH1 
for evaluation of aldehyde content in food and beverages has now been demonstrated. 

 
Keywords: Aldehyde; Aminoaldehyde dehydrogenase; Distillate; HPLC 
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Imidacloprid is the main representative of neonicotinoid pesticides recently linked with 
declining of honey bees, evidenced in the "colony collapse disorder” syndrome. The 
best way to establish the exposure of bees to imidacloprid is its determination in the 
insect; although it is also possible to obtain important information through the 
determination in honey. However, this task is hampered by the presence of 
interferences such as pigments, waxes and fats; and the low concentrations of analyte. 
Almost all the proposed methods for determination of imidacloprid in honeybees and 
honey included liquid chromatographic with an important solvent and time-consuming. 
One alternative is the fluorescence spectroscopy associated to chemometric tools to 
improve the selectivity and sensitivity. The present work explores the use of 
photo-induced fluorescence spectroscopy associated to second order multivariate 
calibration using different algorithm for the determination of imidacloprid in honeybees 
and honey.  
 
Due to the complexity of the matrices, a pre-treatment of the sample was imperative. 
In the case of bees, matrix solid phase dispersion on C18 and cleaning on graphitized 
carbon-aminopropyl silica was carried out; while for honey, liquid-liquid extraction 
supported on diatomaceous earth and cleaning on graphitized carbon was performed. 
Among the algorithms used U-PLS/RBL and SWATLD were suitable for the 
determination of imidacloprid in the presence of interferences with relative prediction 
errors below 20%. The limits of detection were 20 ng per gram of honey and 5 ng per 
bee. The predicted concentrations were compared favorably with those measured 
using HPLC with UV-vis diode array detection. 
 
Acknowledgments: The authors gratefully acknowledge the financial support of 
Fondecyt (project 1140328). 
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Sales of dietary supplements (DS) increase each year, particularly in developed 
countries, where they remain considered as harmless because of their natural origin 
or presumed safe composition. Nowadays, the growing trend consisting in the 
intentional adulteration of DS with synthetic drugs represents an alarming emerging 
risk to public health. DS for treating sexual dysfunction are among the most affected 
by adulteration. Indeed, manufacturers add synthetic actives like phosphodiesterase 
type 5 (PDE-5) inhibitors (sildenafil, tadalafil, vardenafil) to the natural matrix in order 
to intensify the pharmacological effect. Furthermore, unscrupulous manufacturers use 
not only approved active pharmaceutical ingredients but also unapproved analogues 
in which minor chemical modifications were brought to the parent structure. This fact 
enhances the need to propose complementary analytical procedures for detecting 
these multiple adulterations. 
 
In this study, 150 DS were analyzed using both NMR and MS. 1H NMR was used for a 
rapid screening of these preparations allowing the detection and identification of 
adulterants. HR MS/MS with direct infusion was then performed as an orthogonal 
analytical method for the determination of their accurate molecular masses and the 
confirmation of their structures from the analysis of their fragmentations.  
 
Among the DS analyzed, 61% were adulterated with PDE-5 inhibitors (27% with the 
approved PDE-5 inhibitors and 34% with their unregistered analogues). This study 
combining 1H NMR profiling and HR-MS/MS analysis allowed the detection of 3 
PDE-5 inhibitors and 13 of their analogues either alone or in combination in the DS 
analyzed.  
 
Keywords: NMR, Shotgun Mass Spectrometry, Dietary Supplements, Adulteration 
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The assessment of oil quality is challenging. Many genetic, environmental, processing, 
and storing conditions are determinant to provide high quality oil. Gas 
chromatography (GC) is a widely used technique for the analysis of oil constituents 
which can be used as a fingerprint to establish a link between oil quality and its 
potential biomarkers. Our study aims to establish the method of fingerprint analysis on 
volatile oil using a GC method. A blind test on 7 different types of olive oils is 
presented. The characteristic peaks in chromatograms are identified. Hierarchical 
clustering analysis is performed coupled with a procedure to detect the optimal 
number of classes in order to self-organize the chromatographic fingerprints of the 
volatiles across the panel of samples. The proposed classes unveiled by the 
chemometric approach are contrasted a posteroiri with the given type of oils and 
mixtures to validate the methodology. Our results provide an iterative process to 
assess the analytical capabilities of GC protocols towards acceptable levels of 
accuracy, reproducibility and stability. This study sets the basis for further analysis 
such as the identification of the main characteristic components which are indicative 
of oil quality and subsequent investigations based on GC-mass spectrometry studies.    

 
Keywords: Statistical Learning, Oil Fingerprinting, self-organizing clustering, biomarker 
discovery 
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METHOD DEVELOPMENT AND VALIDATION OF PHTHALATES IN FOOD 

Ani Grigoryan1, Ani Hayrapetyan1, Armenuhi Avagyan 1 and Simak Martirosyan1 

1 “Tonus-Les” LLC, 2/1 Varshavyan Street, Yerevan, 0037, Republic of Armenia  

Phthalates (esters of phthalic acid) are chemical plasticizers that have been 
widely used since the 1950s to soften plastics, otherwise they would brittle and crack 
when bent. Because phthalates do not chemically bound to the plastics they are added 
to, they are continuously released into the air, food or liquid. Exposure to large 
quantities of phthalates leads to high risks of cancer and infertility.   
 Polyvinyl chloride (PVC) and its derivatives are a major source of contamination. 
Epoxy-based resins contain significant source of high phthalate pollution. Alcohol can 
be contaminated by certain amount of phthalates during production process, because 
alcohol has a high ability to absorb phthalates. 
   Our interest in determination of phthalates sparked when one of our costumers asked 
for such a kind of analysis in brandy to be exported to China. We figured that China has 
strong regulations in certain phthalates analysis, that’s why we combined Chinese GB / 
T 21911-2008 standard with OIV-MA-AS323-10 method and validated a new method for 
determination of dimethyl, diethyl, dibutyl, benzylbutyl- , diethylhexyl- and Di-n-octyl 
phthalates by gas chromatography mass spectrometry (GC / MS) which is applied in 
alcoholic beverages and honey nowadays. This method was also included in scope of 
our International accreditation (ISO 17025-2005). 
This  method development and validation eased the connections between our exporters 
and China, thus played a significant role in our country’s economy.  

Keywords: phthalate, alcoholic beverage, honey, GC-MS, validation, method development. 
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There is an ever-increasing demand for foods of local origin or cultivated using 
organic practices. However, the sector is becoming dominated by corporate players 
that might not strictly fulfill all the requirements of organic farming, with or without 
fraud intentions. This places an increased burden on certification bodies and 
traceability systems on which the authenticity of the organic products depends. Thus, 
to ensure the authenticity of foods marketed and labelled as organic, there is a need 
for robust, accurate and validated control methods. The objective of the 
AuthenticFood project is to combine novel analytical techniques to improve the 
reliability of organic authentication. In this framework, the present work describes the 
development of analytical methods for the determination of pesticides in food 
products. 
The main challenge of this study was to reach the highest sensitivity allowing the 
detection of very low contaminations, especially for organic products, while keeping a 
wide range of target molecules. Hence, a priority list of pesticides has been 
established, based on scientific literature and reports from food agencies, with a 
special focus on organic foodstuff. On the basis of this list of target pesticides, three 
complementary analytical methods were developed using Triple-Quadrupole 
LC-MS/MS (positive and negative modes) and GC-MS/MS. In addition, an extraction 
protocol, based on the QuEChERS method, has been optimized considering the 
matrices and pesticides of interest. The final methods allow the detection of ca 150 
pesticides at the ppt level and have been applied on a series of organic and 
conventional food samples. 

 
Keywords: Pesticides, QuEChERS, Organic food, Authentication 
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Aflatoxins are secondary metabolites produced by fungi of the Aspergillus genus(1).. 
Of several aflatoxin producing species, Aspergillus flavus and Aspergillus parasiticus 
commonly infect cereal grains including maize, as well as ground and tree nuts. 
Many of these commodities are important human food staples and are also used in 
animal feeds. If the grains become infected with Aspergillus, aflatoxin contamination 
may result.  
 
Milk preparation, protein crash, solvent partitioning, sample clean-up and the LC-MS 
method are presented.  
 
- Silane treated glass and polypropylene vials were used to prevent possible binding 
of AFM1 to untreated glass surfaces.  
- SPE cleanup fast and efficient. Samples passed through the cartridge followed by a 
simple rinse to ensure a maximum recovery of AFM1 (5 min for 6 samples).  
- AFM1 peak was well resolved in LC.  
- The matrix suppression effect was measured at 40%.  
- The use of Matrix-matched calibration standards was required due to sample matrix 
effects.  
 -The total run time for the LC-MS analysis was 7 minutes (including a required 
column wash)  
 -The sample preparation procedure developed in this application facilitates the 
extraction and analysis of low trace concentrations of AFM1 from milk, and appears 
to be robust with 10% RSD values or less.  
- Sample recoveries were within the ranges for recovery and precision required by 
the EU  

 
Keywords: mycotoxin, aflatoxin M1, milk, LC-MS/MS  
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ANALIYSIS OF VITAMINS  A , E  AND D  IN RAW, PASTEURIZED AND ULTRA 
HIGH TEMPERATURE COW,S MILK  USING HPLC – PDA – ESI (+ )- MS AS A 
HIGHLY SENSITIVE  AND  HIGHLY  CONFIRMATORY ANALYTICAL TOOL  
  
 
 
 Moustafa  Khalifaa  ,  Omar AL sayed Omara  and  Walid  Gafourb                                                                                                                                                                                                             
 
a-Drug  and Food  Quality Control Laboratories , Ministry  of Health , Kuwait .                                       b- 
Food Technology Research  Institute , Agricultural Research Center , Giza ., Egypt  

Here our  research is  related to quantification of vitamins A, E and D content  in raw , 
pasteurized  and  ultra  high temperature (UHT )Cow's milk .For that purpose analytical 
procedure based on high performance liquid chromatography –photo diode array 
detector combined with a single quadruple mass analyzer interfaced with electro spray 
ionization operated in positive ion mode [ HPLC- PDA – ESI (+)- MS] has  been 
developed and  validated  for  separation, identification and quantification of these 
vitamins . Each vitamin was  extracted  from milk samples using  specific method   with  
extraction recoveries ranged 94 – 104 %. Separation of the  analytes  were carried out 
using C-18 column and isocratic elution of mobile  phase consisting  of acetonitrile : 
methanol (65 :35 ,vlv ). Confirmatory identification for presence of  vitamins in 
investigated milk samples were   achieved using UV and MS data obtained from 
reference  standard and  sample  at the  same  retention time .For  quantification 
analysis ,HPLC – PDA – ESI ( + ) – MS  (PDA  mode )  was  used  and the calibration 
curves for  all vitamins were constructed  and  was  linear  with           R2 ≥ 0.9988  . 
The obtained validation  data showed  that  the method appears  sensitive , accurate , 
precise  ,specific and relatively simple in both  sample preparation and  equipment .The 
procedure provides  a  very  useful tool for  rapidly determination of  vitamins A ,E and 
D in Cow,s milk and has  been successfully applied for   study the effect of storage 
conditions on  their content and the data will be in discussion  . 

 

Keywords : HPLC – PDA – ESI (+ )- MS, , vitamins analysis , Cow's milk , HPLC – PDA 
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In this study, a new HPLC method for quantitative determination of phenolic acids 
(5-O-caffeoylquinic acid, caffeic acid, 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 
ferulic acid, sinapic acid, protocatechuic acid, p-hydroxy benzoic acid and vanillic acid) 
in coffee was developed and validated. Separations were performed using C18 guard 
column (2.1 × 10 mm, 3 µm ID) and C18 analytical column (2.1 × 50 mm, 3 µm ID). 
o-Phosphoric acid solution (aqueous) and methanol/water/acetonitril solution were 
used as mobile phase and gradient program was applied.  Spectrophotometric 
detector was used, and detection wavelengths were determined as 325 nm and 215 
nm. Column temperature was fixed at 40ºC. Linear range was 0.50-100.00 mg/L for 
5-O-caffeoylquinic acid, caffeic acid, ferulic acid, sinapic acid p-hydroxy benzoic acid 
and vanillic acid, 0.50-1000.00 mg/L for 3-O-caffeoylquinic acid and 0.50-500.00 mg/L 
for 4-O-caffeoylquinic acid. Limits of detection and quantification were in the range of 
0.15-0.70 mg/L and 0.46-2.09 mg/L, respectively. Precision and accuracy values were 
calculated by analysis results of standard solutions at 1.00, 25.00, 100.00 mg/L and 
coffee sample spiked at 3 different amounts (1.00, 25.00 and 100.00 mg/L). Extraction 
of phenolic acids from coffee samples were performed by solid phase extraction 
method using hydrophilic-lipophilic balance cartridges. Coffee samples from different 
origins were studied. As a result, the developed and validated method was found to be 
appropriate for simultaneous quantitative determination of 9 phenolic acids in coffee 
samples with high accuracy and repeatability. 
 

 
Keywords: Coffee, Phenolic Acid, HPLC, Solid Phase Extraction 
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SRI-ToF-MS is an analytical technique that can be considered as an advancement of 
Proton Transfer Reaction - Mass Spectrometry (PTR-MS) because in addition to 
H3O+ it enables the use of NO+, O2+ and Kr+, respectively, as reagent ions for soft 
chemical ionisation of trace gases. Due to direct sample injection capability, a typical 
response time around 100 ms, high mass resolution of >5000 m/Δm and detection 
limits <10 pptv, SRI-ToF-MS is already well established in many fields of application 
(e.g. environmental chemistry, food and flavour research, etc.). Recently, we have 
successfully applied this technology to the detection of explosives, chemical warfare 
agents, illicit and prescribed drugs. Here we extend these studies to New 
Psychoactive Substances (NPS), both as pure substances and blends of unknown 
composition. We demonstrate that selectivity can be considerably enhanced by 
altering instrumental parameters, e.g. by switching between reagent ions which alters 
the ion molecule chemistry in the drift tube and facilitates a powerful method to aid in 
the identification of compounds. An NPS ‘product ion database’ has been generated 
and is used for the identification of the composition of a NPS mixture marketed as 
"synthacaine" (i.e. "legal cocaine").  
Furthermore, we apply the improved selectivity of SRI-ToF-MS to other research 
areas where real-time analysis is required. We use SRI-ToF-MS i) to identify and 
evaluate the quality of different species of pepper; ii) to detect and separate a series 
of monoterpenes and; iii) to directly analyse liquid samples, using a Liquid Calibration 
Unit (LCU) setup. 

 
Keywords: SRI-ToF-MS, New Psychoactive Substances, Real-time analysis, monoterpenes 
separation. 
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 SENSORS & BIOSENSORS- ALTERNATIVE ANALYTICAL TOOLS IN 
ASSESSMENT OF PHYTOCHEMICAL ACTIVE PRINCIPLES  
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The wide use of phytochemicals like flavonoids, flavonoid derivatives, polyphenols, 
carotenoids and anthocyans from various plant sources as nutrients or as antioxidants 
preserving or enhancing the food nutritional quality and foodstuff shelf-life made 
necessary the development of accurate, versatile and in the same time rapid 
analytical tools to assess them.  
The present work is focusing on presenting sensors and biosensors as alternative 
reliable analytical tools in concomitant quantification of phytochemical compounds 
and evaluation of their properties. The developed designs of such analytical devices 
and corresponding bio-analytical protocols used will be presented: enzymatic 
biosensors for phenolic content determination and bio-mimetic sensors based on 
lipids immobilisation for antioxidant efficacy assessment.  
Sensors and biosensors array applications on real samples (polyphenols assessment 
from plant and berries extracts), limitations and advantages of their use in 
phytochemical active principles fast screening are discussed.  
The capabilities of biosensors to perform highly sensitive quantitation of phenolic 
secondary metabolites from plants is supported by obtained limit of detections under 
10-6 molL-1 concentration levels, while the availability to feasible measurement of the 
total phenolic content is supported by result comparison with LC-DAD-ESI-MS 
determination which proved that the biosensor systematically reached 90% to 94.3% 
from the chromatographic assay.   
The use of electrochemical sensors to assess the antioxidants efficacy benefits from 
the accurate evaluation of the antioxidant properties with respect to relevant oxidative 
markers since low-density lipoproteins and phosphatydilcholine are the immobilised 
substrates.  MALDI-ToF analysis results provided the validation of 
sensors/biosensors responses with respect to polyphenolic derivatives efficiency 
against lipoperoxidation. 
Validation issues will be discussed and exemplified on extracts of medicinal,edible 
and aromatic plants and extracts of berries, using as model compound rosmarinic acid 
and its efficacy against in vitro induced lipo-peroxidation.  
Keywords: sensors, validation, phyto-compounds, extracts 
 
 
Acknowledgements: Experiments were supported by funds from project HIVEGRES, 
PN-II-PT-PCCA-2013-4-0361 contract 145/2014 

P236

418 sur 745



 
 
ANALYSIS OF ADULTERATED DIETARY SUPPLEMENTS USING A BENCHTOP 
LOW-FIELD PROTON NMR SPECTROMETER 
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Martino1, Véron que Gilard1 
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Nuclear magnetic resonance (NMR) spectroscopy is a unique tool for detection, 
structural characterization, and quantification of compounds in complex mixtures. 
However, due to cost constraints, NMR is rarely used in routine quality control (QC) 
analysis. The recent release of benchtop cryogen-free low-field NMR spectrometers 
represents a technological break in the NMR field.  
Dietary supplements (DS) are products between medicines and conventional foods 
whose consumption is rising steeply. A significant number of unscrupulous 
manufacturers add pharmaceutical compounds to DS to improve their effects [1]. 
In this study, we evaluated the potential of a benchtop cryogen-free 60 MHz 
spectrometer for uncovering adulteration of “100% natural” sexual enhancement and 
weight loss DS with synthetic drugs. We demonstrated that the adulterant(s) 
(sildenafil, tadalafil and their analogues, sibutramine, phenolphtaleine) can readily be 
detected in ≈20 min of recording after a very simple and rapid sample preparation. 
We also showed that the quantification by the internal standard method can be done 
on the low-field NMR spectrometer and leads to results similar to those obtained with 
high-field NMR [2]. Considering the cost and space efficiency of these spectrometers, 
we anticipate their introduction in QC laboratories as well as in governmental 
agencies, especially in the field of fraud detection. 
 
References: 
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Pharm Biomed Anal. 2015, 102:476-93 
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Food constituents’ detection can be done by spectra fingerprinting, which shows 
information about structure and composition since each organic compound has its 
specific infrared absorption spectrum. Therefore, infrared spectroscopy can be a 
powerful tool for qualitative analysis. In this sense, a model based on Partial Least 
Squares with Discriminant Analysis (PLS-DA), using Visible-Near Infrared (Vis-NIR) 
Spectroscopy to evaluate stevia sweeteners adulteration was proposed. Visually no 
differences can be detected in the Vis-NIR spectra from different sweeteners 
composition. Nonetheless, the PLS-DA model, developed with 4 latent variables (LVs), 
was able to differentiate among pure stevia and adulterated ones. The first LV is 
responsible to discriminate sodium saccharin and sodium cyclamate from aspartame. 
For the sucralose and stevia types, the difference was observed at the fourth LV. The 
loadings plot shows that the visible region around 430 nm is important to differentiate 
stevia samples. The results from this study suggest that Vis-NIR spectra fingerprinting 
coupled with PLS-DA chemometric method provide suitable models to determine 
adulteration in stevia sweeteners, which is being required for industrial quality control. 

 
Keywords: sweeteners, Vis-NIR, PLS-DA, fingerprinting 
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Calafate is an edible dark blue berry. Flavonoids, hydroxycinnamic acids (HCADs), and 
alkaloids were studied in different structures of the berry by HPLC-DAD-ESI-MS/MS and 
HPLC-FL-ESI-MS/MS in reverse and normal phases. Profiles and concentrations of 
these compounds in a large number of samples obtained during two years in different 
areas of Patagonia were studied. Antioxidant capacity (TEACCUPRAC and TEACABTS), 
ascorbic acid content, and genetic diversity, using molecular techniques (AFLP, SSR), 
were also studied. Genetic and metabolic profiles were analyzed using chemometric 
tools (PCA and HCA) in order to evaluate the effect of samples locations.  
Great diversity of compounds was observed, with high anthocyanin and HCADs content 
(4.7-31.2 mol/g and 1.18-6.28 mol/g respectively), which is greater than levels 
described in other fruits. The most abundant anthocyanin was delphinidin-3-glucoside, 
while 5-caffeoylquinic acid was the main HCADs, along with a group of caffeoyl-glucaric 
derivatives, whose structures were confirmed by NMR. Very low concentrations of 
berberine (nd-3.26 mg/100g) and interesting levels of flavonols (0.85-1.83 mol/g), 
mainly quercetin and isorhamnetin derivatives, were also found in this berry. The study 
of procyanindis is actually in progress. 
Chemometric analysis revealed correlation between the genetic structure of the 
population and its metabolic profiles. Differences between samples from different 
growing locations were observed and the year of collection does not change the 
topography of the observed clusters. The phenolic profiles support the conclusion that 
although it is the same set of samples, the observed difference can be attributable more 
to environmental than to genetic factors. 

 
Keywords: Calafate, HPLC-DAD-ESI-MS/MS, Flavonoids, genetic diversity. 
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Flavonoids are a group of polyphenolic compounds widely distributed in medicinal 
plants, vegetables, fruit juices and a variety of beverages [1]. In this research, a 
determination method of flavonoids (quercetin (Q), kaempferol (K), luteolin (L), 
mirycetin (M) and apigenin (A)), in paprika, using LC with diode array (DAD) and 
fluorescence (FLD) detection, has been developed. Firstly, the chromatographic 
conditions to separate and identify flavonoids compounds were optimized using a 
Zorbax Eclipse XDB C18 column. The optimal conditions were as follow: solvents, 
H3PO4 0.03M (A) and MeOH (B), 50:50 % v/v at a flow rate of 1 mL/min. To obtain the 
fluorescence signal a post-column derivatization was developed with NaOH 0.03 M, 
so these compounds are fluorescent in this medium. The flavonoids were detected at 
360 (L and A) and 370 (Q, K and M) nm in DAD and at λex 420 and λem 510, 520, 550 
and 560 nm in FLD. Limits of detection were comprised between 0.09 – 0.4 µg/mL. 
Real paprika samples were analysed using this method. Firstly, a procedure for 
extraction, cleanup and concentration of these compounds from paprika samples was 
optimized. Secondly, an acid hydrolysis of flavonoids was performed in conditions 
optimized by the response surface methodology. Three of the five compounds studied 
(Q, L and K) were quantified in a group of samples of paprika from Spain. The 
concentration of compounds were comprised between 70 - 290 µg/g for quercetin, 80 
– 270 µg/g for luteolin and 7 – 13 µg/g for kaempferol.  
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Glycosides and aglycones of myricetin, quercetin, luteolin, kaempferol and apigenin 
are flavonoids found in paprika. Some of the flavonoid glycosides are not 
commercially available, and most researchers hydrolyze the glycosides to aglycones 
to quantify them [1]. The objective of this study was to analyze some of these 
flavonoids in paprika using spectrofluorimetry. Firstly, flavonoids were extracted from 
paprika samples using a previously optimized extraction procedure. The analytes 
were retained in a C18 cartridge and eluted with 2.5 mL MeOH/H2O (85/25 %V/V), in 
order to clean and concentrate samples. Secondly, an acid hydrolysis was performed 
and excitation-emission fluorescence matrices (EEMs) were obtained using an 
optimized procedure based on the use of a basic medium to maximize the 
fluorescence signals of the analytes. A calibration was constructed from the EEMs of 
standard samples and an unfolded-partial least squares/residual bilinearization 
(UPLS/RBL) second-order calibration model was optimized and utilized for the 
quantification of these flavonoids in a group of samples belonging to the Protected 
Design Origen (PDO) “Pimentón de La Vera”, from Extremadura, Spain, and another 
group of samples not belonging to this PDO. The results were compared with those 
obtained by a previously developed HPLC method. Quercetin and kaempferol were 
quantified in all samples. The results were better in the case of quercetin because of 
the higher concentrations of this flavonoid in the analyzed paprika samples.  
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Phenolic compounds are part of the minor components of extra virgin olive oil (EVOO), 
about 2%, which also include aliphatic and triterpenic alcohols, sterols, hydrocarbons, 
volatile compounds... [1]. LC, GC and CE with different detectors have been used for 
their determination. The objective of this study was developing a method to 
determinate tyrosol, oleuropein, hydroxytyrosol, luteolin, apigenin, vanillic acid, ferulic 
acid, p-coumaric acid, cinnamic acid and caffeic acid in EVOO using reversed phase 
dispersive liquid – liquid microextraction (RP-DLLME) [2] coupled with CE– diode 
array detection. Response surface methodology has been applied by means of a 
central composite design for the optimization of variables affecting the separation: pH, 
time of injection, background electrolyte (BGE, borate buffer) concentration, and 
separation voltage. Selected conditions were: pH: 9.8; time of injection: 4 s, 900 mbar; 
BGE concentration: 25 mM and separation voltage: 15 kV. It was decided to work at 
room temperature without organic solvent because the separation was better. Finally, 
RP-DLLME was employed to extract the phenolic compounds from EVOO. 
1,4-dioxane as disperser solvent and ethanol/water (60/40) as extracting solvents 
were used. Only tyrosol, hydroxytyrosol, luteolin, apigenin, vanillic acid and ferulic 
acid were found in that sample. The first four were the most abundant (detected in 220 
nm). The others were detected at 310 nm, a more selective wavelength. The 
quantification was carried out by means of the standard addition method and 
concentrations were comprised between 0.5-17.8 µg/g. Repeatability values of the 
method for the different compounds were between 2.5-10 % (RSD). 
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ABSTRACT  

The present study was conducted to evaluate the volatile profile of breast meat patties 
treated with antioxidants (quercetin dehydrate & α-tocopherol). Purposely, 3 levels of 
quercetin dihydrate (50, 75 and 100ppm) in combination with α-tocopherol @100 & 
200 ppm were incorporated to ground meat. Afterwards, patties were prepared and 
cooked at 95oC followed by storage at 4oC. The patties were analyzed for volatile 
compounds through GC-MS on 1st, 3rd and 7th day of storage. The results elucidated 
that treatments and storage imparted momentous effect on aldehydes, hydrocarbons 
and ketones of samples. Hydrocarbons reported include pentane, heptane, 1-octene, 
octane, 2-octene and 1-heptene. Major aldehydes found in patties were propanal, 
butanal, pentanal, hexanal, heptanal, octanal and nonanal however, total aldehydes 
and hexanal increased drastically in samples over storage nonetheless hexanal 
increased the most. Similarly, dimethyldisulfide were disappeared after 5th day of 
storage.  In the nutshell, quercetin dehydrate in combination with α-tocopherol 
modified the volatile profile of patties in a positive way that enhanced storability and 
quality of cooked patties. 
 
Keywords: Antioxidants, hexanal, quercetin dihydrate, ketones  
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Determining plasticizers and other additives migrated into foodstuffs from plastic 
materials becomes a difficult task when these substances are already present in 
labware and equipments. This work deals with this drawback in the multiresidue 
determination of four plasticizers (butylated hydroxytoluene (BHT), diisobutyl 
phthalate (DiBP), bis(2-ethylhexyl) adipate (DEHA) and diisononyl phthalate (DiNP)) 
and one UV stabilizer (benzophenone (BP)) by gas chromatography/mass 
spectrometry (GC/MS) using DiBP-d4 as internal standard. A special case is that of 
DiNP, in whose chromatogram typical finger peaks appear because of an array of 
possible C9 isomers. PARAFAC, used for the identification and quantification of all the 
substances, is a useful chemometric tool that succeeds in the determination of this 
analyte since no peak areas are considered but chromatographic and spectral 
loadings. Besides, both BHT and DiBP are ubiquitous in the laboratory environment. 
So a procedure for assessing the level of DiBP present in blank samples (hexane) 
having fixed the probabilities of false positive (α) and false negative () has been 
developed. 
In addition, some of these analytes have been proved to migrate from latex rubber 
nipples when sampling. Calibrations based on PARAFAC have yielded the following 
values for the detection capability (CC): 2.5 µg L-1 for BHT, 2.7 µg L-1 for BP, 3.6 µg 
L-1 for DEHA and 101.7 µg L-1 for DINP (for α =  = 0.05 and two replicates). The 
requirements in EUR/24105/EN/2009 have been followed for the unequivocal 
identification of every compound. 
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Cocoa beans (Theobroma cocoa L.) contains compounds ranging from simple 
alkaloids to complex polyphenols, many of which have health benefits. Sequential 
centrifugal partition chromatography (SCPC) enabled the separation and isolation of 
cocoa alkaloids and cocoa polyphenols. The few known solvent systems for isolation 
of cocoa polyphenols are not suitable for SCPC separation.  
 
The aim of the present study was to investigate a two-phase solvent system for 
separation of valuable content substances of cocoa in a single run. Material and 
Methods All separations were carried out on a SCPC-250 with a total column capacity 
of 250 mL (Armen Instruments, Saint-Avé, Frankreich). Additionally, a comprehensive 
liquid chromtography (LC) was developed (Agilent Technology, Waldbronn, Germany) 
to identify the compounds on the basis of retention time, UV-spectra and 
MS-fragmentation pattern.  
 
A two-phase solvent system was successfully applied for the isolation of cocoa 
alkaloids and cocoa polyphenols. In this investigation, we isolated theobromine, 
caffeine and the groups of flavan-3-ols and flavonoles. From about 700 mg of the crude 
cocoa extract, 88 mg theobromine and 19 mg caffeine were obtained, as well as 102 
mg flavan-3-ols and 47 mg flavonols. The main flavan-3-ols in cocoa beans were 
(-)-epicatechin, the dimeric procyanidin B2, the trimeric procyanidin C1 and the 
tetrameric cinnamtannin A2. Furthermore, the occurance of flavonols like quercetin, 
quercetin-3-O-glucoside and quercetin-3-O-galactoside were obtained. In this way 
phenolic acids and flavones were eluted from the column in a considerable amount 
(more than 320 mg) but could not be separated from each other. In addition, we 
showed the possibility of a large sample load without a decrease in seperation 
efficiency. 

 
Keywords: sequential centrifugal partition chromatography, isolation, cocoa polyphenols, 
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Allura red, brilliant blue and β-carotene are color substances used in foods. In this 
study, allura red, brilliant blue and β-carotene were simultaneously determinated 
without any chemical pre-separation by the spectrophotometric method. The obtained 
experimental data have been evaluated by chemometric methods as partial least 
squares (PLS) and principle component regression (PCR). In the first step, the 
synthetic mixtures containing a three-color material were examined, and the obtained 
results were applied to the PCR and PLS. In the next step, using PLS and PCR 
methods, the quantities of allura red, β-carotene and brilliant blue in commercial 
beverage samples were measured at the same time. A good fit was found between 
PLS and PCR methods calculated from experimental data and calibration methods, 
when the results were compared statistically. 
 
 
 
 
Keywords: Food colorants, principle component regression (PCR), partial least squares 

(PLS). 
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Inductively coupled plasma mass spectrometry (ICP-MS) is widely employed for 
elemental inorganic analysis. The analysis of organic molecules (e.g. proteins, DNA, 
etc.) has been traditionally limited to those analytes containing metals, semimetals 
and some non-metals in their structure. However, several works have demonstrated 
that this type of analysis is also feasible when labelling the target analyte with a 
detectable element by ICP-MS. When compared to other MS-based techniques, the 
use of ICP-MS for the analysis of organic molecules affords several attractive features 
such as: (i) specificity to heteroatom detection; (ii) compound-independent detection 
sensitivity; (iii) high elemental sensitivity; and, (iv) robustness.  
Aflatoxins are known to be highly toxic substances produced by different fungi in some 
foods and, for this reason, their levels are rigidly regulated. Thus, for instance, the 
European Union has limited aflatoxin M1 (AFM1) concentration levels in milk to a 
maximum of 50 ng kg-1. The analysis of aflatoxins in food is usually performed by 
means of immunoassays or high pressure liquid chromatography (HPLC) after an 
extraction treatment to reduce matrix effects and preconcentrate the analyte. The 
most widely used ELISA immunoassay shows an elevated sample throughput but 
lacks of accuracy. When simultaneous analysis of several aflatoxins is required, HPLC 
is the best choice. However, chromatographic mobile phase and sample matrix affect 
negatively analytical figures of merit.  
The goal of this work is to develop a new methodology for AFM1 detection in milk 
based on the use of anti-AFM1 antibodies labelled with gold nanoparticles and 
ICP-MS as the detection system. (max. 250 words) 

 
Keywords: inductively coupled plasma, mass spectrometry, aflatoxins, nanoparticles 
 
 
Acknowledgements: The authors would like to thank the Generalitat Valenciana (Project 
GV/2014/138) and the Vice-Presidency for Research of the University of Alicante (Project 
GRE12-19) for the financial support of this work. 

P247

429 sur 745



 
 

EPR SPECTROSCOPY IN THE STUDY OF ANTIRADICAL ACTIVITY OF 
ANTIOXIDANTS ON MODEL 2,2-DIPHENIL-1-PICRILHYDRAZYL  

 
Alexander S. Petrov1, Eugene A. Vezhlivtsev1, Anatoliy I. Matern1, Alisa N. Kozitsina1 and 
Alla V. Ivanova1 
 
1 Institute of Chemical Technology, Ural Federal University, Yekaterinburg, 620002, Russia 

 
One of the methods to evaluating the antiradical activity (ARA) is a measurement of 
the degree of inhibition of a stable free radical, such as 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), which interacts with substances having ARA. One of the disadvantages of 
these proposed method is that the measurement results are presented in relative units, 
which makes it difficult to quantify the content of substances with antiradical properties, 
additionally, these equivalents have different  ARA. 
The aim of this work is to develop a standardless method for quantitative 
determination of  ARA on model DPPH by EPR. 
The essence of the new approach is to measure the number of paramagnetic centers 
DPPH before and after interaction with substances having ARA. DPPH radical has 
been selected as model, since this compound is widely applicable in the ESR for 
substances studying with antiradical  properties. As substances with ARA were taken 
compounds of natural origin such as ascorbic acid, caffeic acid, cysteine, glutathione, 
α-tocopherol, uric acid and number of phenolic compounds. 
As a result of the research was defined stoichiometry of the reaction of model 
compounds with DPPH. It is shown that the mechanisms of interaction of different 
substances with paramagnetic center DPPH may be different. The proposed method 
makes it possible to establish the quantitative content of substances with antiradical 
action in mole equivalents, which is a universal unit of measurement. This approach 
can be successfully applied to the study of integral parameter ARA samples with a 
complex matrix containing a mixture of substances with antiradical properties. 

 
Keywords: EPR Spectroscopy, antiradical activity, DPPH, quantitative determination 
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A novel method was developed for the analysis of liquid samples in microtiter plate 
format. The method is based on nonspecific interactions between liquid sample and 
luminescent dyes leading to a luminescence signal profile, unique to the sample and 
its components. The performance and the advantage of the method were 
demonstrated in different applications. Different brands of bottled spring water and 
cola drinks were distinguished. Moreover, the analysis of solid food samples dissolved 
or extracted to water was shown with different brands or origins of e.g. honey and 
coffee. The artificial adulteration of honey with glucose or sugar cane syrup was 
demonstrated and the method could readily distinguish 5% addition of syrup to the 
honey. The coffee beans can be differentiated due to their origin and the effect of 
roasting time to the properties of coffee can be followed with the method. These 
results suggest that the method enables the detection of origin, food product 
adulteration and the product development to meet the customer needs. The detection 
of metal ions was demonstrated in household water and selective quantification of 
(heavy) metal ions was shown at ppb level. Several metal ions and even different 
oxidation states (e.g. for Pb, Cu, Fe and Cr) could be identified. The composition 
analysis of metal ions in mixture samples was demonstrated in mixtures of e.g. Cu 
and Fe ions. 

 
Keywords: adulteration, drinking water, food analysis, fraud, liquid analysis, luminescence, 
metal ion, nonspecific binding, product development 
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Microemulsions are liquid colloidal systems spontaneously formed upon mixing two 
fluids with limited solubility (eg, water and oil) with adding a surfactant and in some 
cases co-surfactant. The microemulsions can be used as a "reactor" for the reaction 
of derivatization and for the sample pretreatment.  
 
The importance of medicinal plants to the health of individuals and communities is 
known since antiquity. The medicinal value of these plants lies in some chemical 
substances that produce a definite physiological effect on the human body. The most 
important of these bioactive constituents of plants are alkaloids, tannins, phenolic 
compounds and flavonoids.  

In this study a new technique of the rapid and sensitive analysis of quercetin, 
kaempferol and isorhamnetin by HPLC with fluorescence detection was developed. It 
was shown that the intensity of fluorescence of complexes of flavonoins with 
aluminum depends on the nature of a surfactant. The fluorescence intensity of the 
complexes of with aluminum ions in the microemulsion media was 3 - 5 times higher 
than those for the water-acetonitrile media. 

The scheme for post-column reaction of complex of flavonoids with 0.1 M solutions of 
aluminum ions in microemulsion medium (3.3% SDS; 0.8% n-heptane; 8% n-butanol) 
was proposed. 
 
The conditions for the sensitive and selective chromatographic determining of 
complexes of the flavonoids with fluorescent detecting in pharmaceutical preparations 
(tablets), and plant objects (peel onions) were optimized. The limits of detection were 
100, 45 and 15 ng / ml for quercetin, isorhamnetin and kaempferol respectively. 

 

 
Keywords: flavonoids, microemulsion, liquid chromatography, fluorescence detection 
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Vaccinium padifolium is an endemic specie of the Laurisilva forest, a UNESCO World Heritage 
Centre located in the volcanic islands of Madeira archipelago, in the Atlantic ocean. This plant 
belongs to Vaccininum genus, whose fruits (berries) are rich in many bioactive compounds, 
particularly vitamin C, E, carotenoids and a high content of anthocyanins and phenolic 
compounds. Vaccinium padifolium berries are widely used in Madeira Island for liqueurs, 
jams and others food derivatives. In traditional and local ethnopharmacology this fruit is 
frequently used against bronchitis, cough, dysentery and others, being also exported for 
commercial production of ophthalmic specialities. Therefore, there is a great interest in 
identifying Vaccinium padifolium berries bioactive composition. In this study, such 
characterization was performed using a quick, easy, cheap, effective, rugged, and safe 
(QuEChERS) strategy to extract the phenolics, followed by a LC-ESI/MSMS characterization.  
A total of 28 phenolic compounds were identified for the first time in V. padifolium, of which 
18 were selected and quantified using UHPLC-PDA.  The results showed that the 
predominant phenolic compound in V. padifolium berries is chlorogenic acid followed by 
epigallocatechin, quercetin-3-glucoside caffeic acid and myricetin. These data shows that this 
fruit contains a diversificated phenolic composition that is certainly responsible for its 
awareness as a functional food. 
 
Keywords: Polyphenols, V. padifolium, QuEChERS, LC-ESI/MSMS, UHPLC-PDA  
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Tomato (Lycopersicon esculentum L.) is one of the main constituents of the 
Mediterranean diet. Its consumption has been proposed to reduce the risk of 
cardiovascular diseases and certain types of cancer. It is therefore one of the most 
popular and extensively consumed vegetable crop worldwide. To gain insights on the 
potential of Lycopersicon esculentum L. as bioactive food, an analytical methodology 
was developed to determine the levels of the lipophilic antioxidants δ-tocopherol, 
α-tocopherol, lycopene and β-carotene. The ultra-high performance liquid 
chromatographic using both photodiode array and fluorescence detection 
(UHPLC-PDA/FLR), allows the identification and quantification of the target lipophilic 
antioxidants. This methodology UHPLC-PDA/FLR is fast, simple and revealed a high 
sensitivity for the compounds under study. The limits of detection (LODs) and 
quantification (LOQs) obtained were much lower (about 10 times) than the reported in 
literature.  
The method was applied to tomato from gordal variety during maturation. The results 
revealed a slight increase of carotenoids content during maturation, reaching the 
maximum level when ripe. These results complement those obtained by the ORAC 
and TBARS assays that show an increase of antioxidant capacity during maturation. 
The carotenoid content was also evaluated in different ripe tomatoes varieties. 
δ-Tocopherol was quantified for the first time, as far we know, in tomato form 
Lycopersicon esculentum L. The method has the potential to be easily adapted and 
applied to other matrices and other analytes.  

 
Keywords: Lycopersicon esculentum L.; Carotenoids; Tocopherols; LL-USAE/UHPLC; 
method validation 
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Passiflora L. is originally from the tropical and warm climates of South America, 
although it is nowadays cultivated in many other latitudes with suitable conditions for 
its grown. Passiflora L. fruit, known as passion fruit, is a rich source of vitamins A, C 
and D, alkaloids, carotenoids and flavonoids. This composition in different bioactive 
compounds makes passion fruit a very interesting functional food. To gain insights on 
the volatile composition of different Passiflora L. species, passion fruits of nine 
Passiflora L. varieties produced at Madeira Island (yellow, purple, lemon, orange, 
pineapple, peach, tomato, melon and banana) were investigated by head space 
solid-phase microextraction (HS-SPME) followed by a GC–qMS and multivariate 
analysis (MVA). HS-SPME was optimized in terms of fiber coating, extraction time, 
ionic strength and sample weight, in order to achieve the best extraction efficiency. 
Following this optimization, all the passion fruit varieties were analyzed and more than 
100 volatile organic metabolites (VOMs) belonging to different chemical groups, 
namely linear and branched esters, terpenes, alcohols, fatty acids and carbonyl 
compounds were identified. The major VOMs identified in all the nine Passiflora L. 
varieties investigated were ethyl hexanoate, ethyl butyrate, β-pinene, cis-β-ocimene, 
cis-3-hexenyl acetate and hexyl hexanoate, although significant differences in the 
volatomic profiles among the nine varieties have been obtained. Additionally, some 
VOMs had never been reported earlier in passion fruit juices and a few others were 
found exclusively in a single variety of Passiflora L. fruits. The corresponding data 
matrices were submitted to principal component analysis (PCA) and the VOM profiles 
obtained were able to differentiate all the nine passion fruits varieties analyzed. 
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Comprehensive two-dimensional GC (GC x GC), one of the most exciting innovations 
in gas chromatography since its invention, was introduced by Phillips in 1991. The 
heart of a GC x GC system is the modulator, which focuses (generally cryogenically) 
fractions eluting from the first conventional column and re-injects them in narrow 
bands onto a second micro-bore column.  
Nowadays, GC×GC can be considered a well-established technique that can 
potentially be used as a routine control technique in the food quality assessment 
process. The advantages mostly rely on the possibility to contemporarily perform 
detailed and sensitive targeted and untargeted profiling of samples. GC×GC has been 
proven to be very useful for assessing both the quality and the safety of food. 
Extra virgin olive oil quality assessment will be considered as a case study. Both 
volatiles and minor components were investigated, generating much more information 
compared to a single analysis. Targeted, as well as untargeted analysis can be 
performed in a single chromatographic run to verify the respect of official limits and to 
characterize important fractions for olive oil authentication, such as waxes and free 
sterols. Furthermore, GC×GC has proven to be very powerful in defining the blueprint 
of sensory attributes, and, in particular, of specific aroma defects responsible of 
sample declassification.  
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Nowadays, food contamination by mineral oil (MO) is a very important issue and its 
presence in edible oils is widely documented. Mineral oils are hydrocarbons mixture of 
petrochemical origin and, according to their composition, can be divided in two 
families, namely mineral oil saturated hydrocarbons (MOSH) and mineral oil aromatic 
hydrocarbons (MOAH). The most used approach for mineral oil analysis is liquid 
chromatography (LC) coupled to gas chromatography (GC) with flame ionization 
detection. Using a silica column, triglycerides can be retained and the separation of 
MOSH and MOAH can be achieved. However, in the case of vegetable oils, the 
presence of olefins (mainly squalene and isomers) does not allow the correct 
quantification of the MOAH fraction. For such a reason additional tools are needed. In 
the present research, a silica column was coupled to a silver-ion column to retain 
olefins. The proposed method was applied for the analysis of different edible oils with 
good performance characteristics.  

 
Keywords: LC-GC, Mineral oil saturated hydrocarbons (MOSH), Mineral oil aromatic 
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It is accepted that the lipolysis of milk fat in the ripening of cheeses produces free fatty 
acids (FFAs), which contribute directly or indirectly to the final flavor characteristics. 
However, the relation between FFAs content and final cheese flavor is still not 
completely established. Lipases may originate from the milk, from the indigenous or 
added microorganisms, and possibly from rennet. 
The use of vegetable rennet, particularly thistle flowers, has been practiced in the 
preparation of cheeses since antiquity. Plants petals thistles, wild or cultivated (Cynara 
spp L, Cynara cardunculus, Cynara humilis and Cynara scolymus) are the most widely 
used. The vegetable rennet has been practiced in the Canary Islands, specifically in 
Gran Canaria. The use of thistle flowers as rennet is suitable for the production of new 
types of soft cheeses, and for the improvement of the texture of low-fat cheeses. 
An interesting approach to analytically determine the FFAs content in cheeses is to 
carry out a vortex-assisted liquid-liquid microextraction (VALLME) method followed by 
solid-phase extraction (SPE) and gas-chromatography (GC). In this case, FFAs are 
determined without any previous derivatization to form fatty acid methyl esters 
(FAMEs). 
The main aim of this work is to study the profile of FFAs in cheeses produced from raw 
goat milk with different types of vegetable rennets and ripening times; together with the 
obtaining of relationships between these profiles and sensory characteristics utilizing 
several statistical tools. It is intended to establish the better conditions for production 
of quality cheeses.  

 
Keywords: Free fatty acids, vegetable rennet, raw goat milk cheeses, vortex-assisted liquid-
liquid microextraction, solid-phase extraction, gas chromatography, principal component 
analysis, sensory analysis 
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Carbamate pesticides and their residues on food are of great concern due to their 
toxicity and potential adverse effects on health.  
In this work, a strategy based on the four-way PARAFAC decomposition combined 
with the standard addition method and applied to excitation-emission matrices (EEMs) 
was proposed. The unequivocal identification and quantification of two carbamate 
pesticides (carbaryl and carbendazim) and of the degradation product of carbaryl 
(1-naphthol) in iceberg lettuce were performed despite the complexity of the sample 
and the presence of high spectral overlapping. Nowadays, the maximum residue level 
for carbaryl and carbendazim in lettuce is 10 and 100 µg kg-1, respectively.  
The trilinearity property is recovered through the CORCONDIA index when the factors 
that remain nearly constant are removed from the EEM three-way tensor. This work 
generalizes the procedure to a standard addition method in which the PARAFAC 
factors related to the matrix remain nearly constant in each sample. To model these 
factors, the same standard addition method was performed with different dilutions of 
the extract, so a four-way tensor was obtained. The quadrilinear PARAFAC model 
enabled the identification of two matrix fluorophores in each dilution and their 
contribution was subtracted from the original EEM data. The quantification was 
carried out with the resulting three-way tensors for each dilution. The decision limit 
values, in x0 = 0 and α = 0.05, were 5.30 μg L-1 for carbaryl, 18.05 μg L-1 for 
carbendazim and 1.92 μg L-1 for 1-naphthol when the matrix-matched calibration 
using the most diluted extract was performed. 
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New products containing Engineered Metallic Nanoparticles (ENPs) have 
exponentially emerged in the market thanks to the wide range of ENP applications. In 
special, silver nanoparticles (AgNPs) are frequently used in cosmetic and food 
products but also in food packaging thanks to their antimicrobial activity. However, for 
the consumer health and the environment protections, there is an urgent need to 
monitor such ENPs, identifying and quantifying them, in complex matrices. So far, 
there is a deficit of analytical methods, which allow an effective and quick detection, 
characterization and also quantification of such NPs in different scenarios.  
 
The objective of the EU-funded project "INSTANT" is the development of a sensing 
platform based on a sample preparation and detection subunits connected by a 
microfluidic interface for an efficient detection, characterization and quantification of 
specific ENPs in consumer products. 
 
Herein, an innovative methodology for the extraction and preconcentration of AgNPs 
is briefly described based on the use of ionic liquids (IL). The extraction and 
preconcentration of AgNPs is successfully achieved with the combination of the 
specific IL and the correspondent surfactant. Modified membranes with different 
functionalized carbon nanotubes (MWCNTs-COOH, MWCNTs-NH2, MWCNTs-SH) 
were studied in order to increase ENP retention. Conservation of the NP nature was 
observed after elution in terms of shape, size and aggregation. 
In order to validate the sample preparation unit, three different steps were 
differentiated: clean up, preconcentration and elution. The sample preparation unit 
was applied to the determination of AgNPs in food samples as orange juice. 
 
 
Keywords: silver nanoparticles, sample preparation, ionic liquid. 
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Recently, a new approach based on the application of microwave radiation to assist 
the chromatographic liquid separation has been developed in our research group with 
positive and promising results. The new technique has been called microwave high 
performance liquid chromatography (MW-HPLC). So far the technique has been 
explored and applied to water and fat-soluble vitamins and triglycerides determination. 
Along this research and the different applications studied, improvements on retention 
times and chromatographic efficiency has been found. In the present communication, 
the results obtained for MW-HPLC separation of triglycerides coupled to an 
evaporative light scattering detector in vegetable oil samples will be shown. The 
developed methodology has been compared to the reference method for the analysis 
of triacylglycerols. Moreover, the use of a 100 % organic mobile phase consisted on 
acetone and acetonitrile mixture, is one more step on clarification of non-heating 
mechanisms that take place when MW-HPLC is employed. 
In this way, triglycerides separation in stock standard solutions for method 
development, and in vegetable oils (almond, argan, tiger nut milk and tiger nut seeds) 
has been carried out using both HPLC and MW-HPLC techniques, achieving 
shortenings on retention time up to 64 %, improvements on sensitivity up to 90 % for 
those analytes that elute later in the chromatogram, and enhancements on efficiency 
according to bandwidth value. As a result, the determination and semi-quantification 
of triacylglycerols in real oil samples by MW-HPLC technique has been validated 
successfully. 

 
Keywords: HPLC, microwave, triglycerides, vegetable oil samples 
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Abstract  
 
Per- and polyfluorinated compounds (PFASs) are widely used in numerous industrial 
and commercial applications. Indeed, they cover a large spectrum from oil and water 
repellent coatings for carpets, textiles, paper, to surfactant in various cleaning agent 
and cosmetics.  
 
Due to the extensive human exposure, the European Union (EU) encourages PFAS 
monitoring in food. At the same time several publications revealed the presence of 
PFAS in human breast milk. Therefore our method was focused on quantifying PFAS 
in milk and breast milk matrices. The PFAS chosen were the sixteenth most frequently 
PFAS discovered in food, based upon the last scientific report of the European Food 
Safety Authority (EFSA). 
 
The sample extraction procedure was derived from an existing protocol. First of all, 
labeled standards for 10 PFASs were added before extraction as internal standards. 
The method begins with a liquid/liquid extraction using acetone. This extraction was 
followed by two clean-up steps on SPE-Weak Anion Exchange and ENVI-CARB 
cartridges. Finally, M8PFOS was added as external standard during the reconstitution 
of final extract. 
 
The determination was achieved on an UHPLC-ESI--MS/MS equipped with an Acquity 
BEH C18 column (2.1*100mm, 1.7µm). When a secondary transition where not 
available to confirm presence of PFAS, columns with different selectivity were used to 
specifically identify the PFAS.  
 
Extraction yields were close to 100% thanks to the use of internal standard and the 
quantification limit reached was 0.1µg/kg, much lower than EU recommendation 
(1µg/kg). Finally the method has been used to quantify PFASs in several Belgian 
breast milk samples. 

 
Keywords: Perfluorinated compounds, Polyfluorinated compounds LC-MS/MS, milk 
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Authentication of food products is of primary importance for consumers, farmers and 
producers. For consumers, geographical origin should guarantee quality, organoleptic, 
and nutritional characteristics whereas, from an economic point of view, product 
authentication is fundamental to prevent unfair competition that can eventually affect 
the regional and even national economy. 
The “Suino Nero di Calabria” (Black Pig of Calabria) is an ancient breed typical of 
southern Italy reared in the wild and fed with natural products such as acorns, 
chestnuts and cereals. Its meat gives high quality products such as ham, lard, 
pancetta, and sausages. 
Recently, our research group has demonstrated that the multielement profiling 
subjected to a suitable statistical treatment can be successfully used in the 
determination of the geographical origin of several foodstuffs. 
In this presentation, the capability of multielement profiling as a marker for the 
authentication of the “Suino Nero di Calabria” products (ham, pancetta, and lard)” is 
evaluated. The multielement determination was performed by ICP-MS on samples 
supplied by certified “Suino Nero di Calabria” producers and on samples came from 
areas outside Calabria. The statistical approach for the data treatment was based on 
class-modeling techniques. In addition to the classical modeling approaches 
commonly applied in chemometrics (soft independent modeling of class analogy, 
SIMCA and unequal dispersed class, UNEQ), other two methods have been applied 
in the present study: potential functions (PF) and multivariate range modeling (MRM). 

 
Keywords: Authentication, meat products, chemometric analysis, multielement analysis 
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ANALYTICAL PROBE ON ADULTERATION IN COMMERCIALLY MARKETED 
POWDERED SPICES EMPLOYING DRS-FTIR 
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Presenting Author’s Email: swapnil.tiwari7@gmail.com 

In recent years, a number of adulterants in foods have been reported. The proper 
regulation of these adulterated foods is necessary for ensuring the food safety. This work 
emphasizes on the use of novel DRS-FTIR technique for the rapid qualitative 
identification of adulterants in red chili (Capsicum annum) and turmeric (Curcuma longa). 
Red chili shows the presence of sudan dye and brick powder, sudan dye is considered 
carcinogenic in nature whereas brick powder has ill effects on kidneys. In turmeric lead 
chromate is used as adulterant due to which paralysis and brain damage have been 
reported. For the identification of the presence of adulterants the infrared peaks of pure 
and adulterated samples of food samples were carried out at 400-4000 cm-1 region. 
Confirmatory chemical tests were also employed for the identification of adulterants. The 
beauty of this technique lies on minimal applications of toxic chemicals in the detection/ 
analysis. 

Keywords: Adulterant analysis, sudan dye, lead chromate, DRS-FTIR.  

P262

444 sur 745

mailto:swapnil.tiwari7@gmail.com


 
 
A SIMPLE, HIGHLY SENSITIVE, HIGH THROUGHPUT AND ORGANIC 
SOLVENT-FREE SCREENING METHOD FOR MELAMINE BY 
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In recent years the safety problem of infant formula powder has provoked panic 
among Chinese citizens. One of the most notorious incidents was the 2008 Chinese 
milk scandal which harmed thousands of infants. Development of a fast, high 
throughput screening method towards melamine and other harmful chemicals is of 
paramount importance. Microsphere-based flow cytometry is a new multiplexing 
immunochemical method for food-testing. Through competition between free analyte 
in sample and analyte-coupled microspheres, the content of analyte can be indirectly 
quantified by measuring fluorescence emitted from labelled antibodies. This 
developed method of high sensitivity (Limit of detection = 0.70ng/ml) has already been 
validated and successfully applied to screen for melamine in various brands of infant 
formula powder analysis fulfilling the legislated tolerance level in a simple, fast, high 
throughput and organic solvent-free manner. 

 
Keywords: melamine, milk, immunoassay, flow cytometry 
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AND MICROBIAL ASSESSMENT OF POULTRY MEAT TREATED WITH ASCORBIC 
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Meat products are categorized as perishable foods due to the large amount of water 
and nutrients found in these products which make them an excellent medium for 
microbial growth. Mid-infrared (MIR) has potential to be used as a non-destructive 
technique to assess the microbiological quality of food. The aim of present research 
work was to investigate if MIR spectroscopy is capable of predicting the microbial load 
and meat spoilage on the surface of chicken fillet stored aerobically at 5ºC±2ºC (0, 2, 4, 
6 and 8 days). MIR spectra were recorded between 3000 and 1000 cm-1 using Fourier 
transform spectrometer (FTIR). Samples were also dipped in different concentrations of 
ascorbic acid solutions (1%, 2%, 3%) to study its effect on the microbial load and other 
quality parameters of meat. FTIR spectra showed significant variations in the peak 
absorbance and positions in microbial (1680-1630 cm-1), protein (1650-1550 cm-1) and 
phospholipid regions (3000-2800 cm-1) at different storage intervals and ascorbic acid 
concentrations. Total plate count, Enterobacteriaceae count, color, total volatile basic 
nitrogen (TVB-N) and pH values were also varied greatly with the passage of time for all 
the treatments. From the results it is apparent that ascorbic acid has a great potential to 
reduce the surface microflora of raw poultry meat under refrigeration storage without 
adversely affecting the physicochemical attributes of meat. Results of spectroscopic 
analysis showed that FTIR spectrum is a fingerprint that contains useful information 
related to microbes present on the surface of chicken samples. 
Key Words: Mid infrared spectroscopy, food safety, quality, microbes 
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The determination of chlorophyll in degummed and bleached soybean oil was 
accessed by using ultraviolet and visible (UV-Vis) spectroscopy coupled with 
multivariate calibration based on Partial Least Squares (PLS) regression. The outliers 
were evaluated according to the ASTM E1655-05 and the models were validated 
through the reference method and by the figures of merit calculation. The results for 
accuracy, sensitivity, analytical sensitivity, adjust, linearity, relative prediction deviation, 
limits of detection and quantification presented promising results, indicating that the 
multivariate model developed from UV-Vis spectroscopy can be used to industrial 
routine analysis as an alternative to the reference method. The proposal present 
some advantages, such as no sample preparation, free of residues, possibilities to 
update for another parameters and ability to be used for off-line, at-line, on-line and 
in-line monitoring. 

 
Keywords: chlorophyll, oil industry, UV-Vis 
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Food preservatives such as benzoic and sorbic acids are commonly used in 
food industry and are present in a wide variety of foodstuff. The growing 
consumption of processed foods leads to an increase in the intake of these 
additives by the consumers. Therefore, the assessment of their occurrence is 
essential to ensure the consumers safety. 
This study aimed to perform the validation of an HPLC method with UV 
detection based on EN 12856 for the determination of benzoic and sorbic acids 
in different food matrices.  
Both preservatives were separated on a PrevailTM C18 column (250x4.6 mm, 5 
µm) using phosphate buffer (0.0125M, pH 3.5) and acetonitrile as mobile phase, 
in gradient elution, at flow rate of 1 ml/min, with detection at 220 nm. The 
method validation included the evaluation of the working range, linearity, limits 
of detection (LOD) and quantification (LOQ), intra-day precision (RSDr), inter-
day precision (RSDR), accuracy and  the results uncertainty. 
The method was validated in concentration working range of 4-40 µg/ml. The 
analytical LOD and LOQ were 1.3 and 4 µg/mL for both analytes, 
respectively.The RSDr and RSDR were less than 5% and 7%, respectively, and 
recovery rates ranged from 74 to 116%. The method has proved to be accurate 
(z-score<2) and the results uncertainty were 7% for benzoic acid and 8% for 
sorbic acid.  
The method proposed in this work allows the simultaneous determination of 
both sorbic and benzoic acids and proved to be accurate for a large variety of 
food matrices. 

 
Keywords: Method Validation, HPLC, Benzoic Acid, Sorbic Acid. 
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In human health risk assessment, ingestion of food is considered a major route 
of exposure to mycotoxins, metabolites that cause toxic outcomes in humans 
and infants are a particularly vulnerable population group. 
This study aims to characterize the risk associated with the consumption of 
breakfast cereals (BC) concerning the exposure of Portuguese children to 
mycotoxins.  
Portuguese children (< 3 years old, n=103) food consumption data of BC were 
obtained using a 3 days food diary in a pilot study performed at a Primary 
Health Care Unit. Fourteen BC samples were purchased from supermarkets in 
Lisbon region and the occurrence of aflatoxin B1 (AFB1) and ochratoxin A (OTA) 
were detected according to EN15851, with slight modifications, followed by 
HPLC-FLD analysis. Daily exposure of children to mycotoxins was performed 
using deterministic and probabilistic approaches. Different strategies had been 
considered to treat the left censored data. The output of exposure was 
compared with dose reference values.  
The analytical method showed a good performance with LOD of 0.003 and 
0.006 µg.kg-1, LOQ of 0.009 and 0.019 µg.kg-1 and recoveries of 73 and 71 %, 
for AFB1 and OTA, respectively. Approximately 71% and 86% of BC samples 
were contaminated with AFB1 and OTA, respectively. Approximately 23 % of 
the studied children consumed BC at least one time in these 3 days. Both 
approaches showed that children exposure to single mycotoxins present in BC 
were well below the dose reference values.   
This study concerns the first risk assessment of Portuguese children to single 
mycotoxins in BC.  

 
Key words: Mycotoxins, HPLC-FLD, exposure assessment, children. 
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Issues regarding food authenticity are usually related with economically motivated 
fraudulent behaviours that might be associated for instance with false declaration of 
geographical origin of a specific food product. Emerging need for protection of 
producers’ and consumers’ interests has been recognised by various legal initiatives, 
e.g. European Commission’s schemes. Requirement for reliable authentication 
analytical techniques is apparent. Furthermore, when legal actions are taken to see 
the justice done, a multidisciplinary approach is necessary to solve the authentication 
problem. 
Analytical chemist might be called by a court to state an opinion as a kind of ad hoc 
forensic expert. Present work addresses this situation and exemplifies it as a scenario 
in which knowledge about factors that should be taken into account in the 
interpretation process of analytical data ought to be considered. Based on a canvas of 
the food authenticity problem, an attention is brought to the issues regarding 
geographical and brand origin of food products like olive oils and wines. 
The aforementioned multidisciplinary approach is based on fusing analytical data (e.g. 
chromatographic, spectroscopic) with statistics and chemometrics to form a statement 
for legal action purposes. This might be enabled by a Likelihood Ratio methodology 
that has been proven to successfully address stated issues. A state-of-the-art 
technique of Empirical Cross Entropy is highlighted as well as an additional tool for 
assessing the inferential process of analytical data analysis. Both methods with real 
data examples are demonstrated in a way to familiarise non-professional forensic 
chemists with methodologies. 

 
Keywords: food authentication, protected designation of origin, chemometrics, forensic 
sciences 
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The wide range of nutritional and dietary supplements, their advertised properties and 
a supplement-purchasing facility have a significant influence on their popularity. The 
use of supplements in sport was increasing in the last several years. Unfortunately, 
the problem of supplements’ contamination by doping agents is still present and may 
cause positive anti-doping results. 
The List of Prohibited Substances and Methods established by the Word Anti-Doping 
Agency is open ended. It means that the substances which have similar chemical 
structure or similar biological effect(s) to several substance classes are also banned. 
According to the statistic figures, anabolic agents and stimulants are two substance 
classes related to the largest number of positive anti-doping results in the last four 
years. 
The gas chromatography-mass spectrometry (GC-MS) has been applied to the 
detection of anabolic agents and stimulants in supplements. Two screening methods 
enabled us to detect 39 anabolic agents and 44 stimulants. Both of them have been 
validated and acceptable validation parameters have been received (RSD below 4.9 % 
and LOD of the range of 0.5 - 5.0 μg·g-1 in most substance cases). 
Two simple GC-MS methods for detection of a wide range of doping agents have 
been proposed. Both methods have been validated and applied to analyze 106 
supplement samples. The received results have shown that both, the lack of labeling 
of all components on the supplement label and variety in concentrations of prohibited 
substances found in supplements, cause that the use of supplements by athletes is 
very risky of violating anti-doping rules. 

 
Keywords: supplements, GC-MS, doping, sport 

P269

451 sur 745



 
 
NOVEL COMPOSITE ELECTRODES BASED ON SURFACTANTS AND CARBON 

NANOMATERIALS FOR QUANTIFICATION OF NATURAL PHENOLIC 
ANTIOXIDANTS 

 
Guzel Ziyatdinova, Endzhe Ziganshina, Ekaterina Kozlova and Herman Budnikov 
 
Analytical Chemistry Department, Kazan Federal University, Kazan, 420008, Russian Federation 

 
New composite electrodes based on layer-by-layer modification with surfactants and 
carbon nanomaterials have been created and characterized with SEM and 
electrochemical impedance spectroscopy. The carbon nanomaterial (carboxylated 
SWNT and carbon nanofibers) significantly increases the electrode surface area and 
decreases the electron transfer resistance. The surfactant layer does not change the 
morphology of the electrode in SEM but insignificantly increase the electron transfer 
resistance in comparison to carbon nanomaterial modified electrode.  
The electrodes have been applied for determination of natural phenolic antioxidants 
(morin, vanillin and syringaldehyde). Cationic (cetylpyridium bromide (CPB)), anionic 
(sodium dodecyl sulfate) and nonionic (Triton X100) surfactants have been 
investigated as electrode modifiers. The best voltammetric characteristics have been 
observed on CPB modified electrode. The schemes of electrode reactions are 
suggested.  
Differential pulse voltammetry has been applied for phenolic antioxidants 
quantification. The pulse parameters and pH of supporting electrolyte were optimized 
for each analyte. The linear dynamic ranges for 0.1-100 and 100-750 μM with the limit 
of detection (LOD) of 28.9 nM are observed for morin. Vanillin calibration plots are 
linear in the range of 0.5-75 and 100-750 μM with LOD of 0.14 μM. Linear dynamic 
ranges for syringaldehyde are 0.75-10 and 10-750 µM with LOD of 0.19 µM. These 
parameters indicate satisfactory sensitivity of the developed methods. 
The approaches have been applied to morin and vanillin quantification in real samples 
(mulberry leaves and vanillin containing foodstuff) using preliminary extraction with 
ethanol.  
The financial support of Russian Foundation for Basic Research (grant 14-03-31173) 
is gratefully acknowledged. 
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A simple, selective, precise and accurate isocratic stability indicating RP- HPLC 

method was developed and validated for simultaneous determination of sofosbuvir in 

pure and tablet dosage form. The chromatographic separation was achieved on a 

Lichrospher 60 RP select B (5 μm), LichroCART® 125 mm×4 mm HPLC Cartridge 

analytical column using a mixture of  0.05 % triflouroacetic acid in 5 % methanol as 

solvent (A) and 0.05 % of triflouroacetic acid in 95 % methanol as solvent ( B ) in the 

ratio of (52 : 48 v/v). The instrumental setting is flow rate of 1.5 mLmin-1, column 

temperature 35 C, and detector wavelength of 260 nm. The retention time of 

sofosbuvir was 4.2 min. The method was validated according to the ICH guidelines 

acceptance criteria for specificity, linearity, precision, recovery, ruggedness, and 

robustness. The linearity range was performed from 40 to 160 % with respect to the 

test concentration strength. The correlation coefficient obtained was 0.9998. The 

mean % recovery of the drug was found to be in the range of 98 to 102%. The drug 

undergoes degradation under acidic, basic, peroxide, thermal and photolytic 

degradation conditions. All the peaks of degraded product were resolved from the 

active ingredient with significantly different in retention time. The proposed method 

was suitable for quantitative determination and stability study of sofosbuvir in 

pharmaceutical preparations and also can be used in the quality control of bulk 

manufacturing and pharmaceutical dosage forms. The method can be employed as 

stability - indicating one for the drug. 
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Topical drug application to the skin is used not only for the treatment of skin diseases 
but also for reducing systemic side effects, for example, local anti-inflammatory 
therapy to decrease the gastrointestinal side effects of non-steroid anti-inflammatory 
drugs. Etofenamate(ETF), 2-(2-hydroxyethoxy)ethyl 2-[3-(trifluoromethyl)anilino] 
benzoate, is a nonsteroidal anti-inflammatory drug used for the treatment of joint and 
muscular pain.  
In this study, a new semi solid SLN formulation of etofenamate was applied to the rat 
skin and investigated the ex vivo dermal penetration of the drug. For this purpose a 
simple, selective and rapid RP-LC method has been developed and validated for the 
determination of ETF from the rat skin extract. The mobile phase consisted of 0.1% 
H3PO4 (pH 7, with 5M NaOH): acetonitrile (40:60) was used with the flow rate of 1 mL. 
min-1. The samples were ınjected as 10 µl and detected at 285 nm. The Xselect HSS 
T3 XP (150 mmx4,6 mm; 2.5 µm particle size) analytical column was used as 
stationary phase that given a better selectivity when compared with other columns.  
Optimized method was fully validated according to the ICH guidelines. The linearity of 
the detector response was determined by plotting peak areas vs concentration. 
Related to this, optimized method was found linear in the concentration range from 0.5 
to 100 µg.mL-1 with the correlation coefficient of 0.9999. The obtained validation results 
showed that the RP-LC method is suitable for routine quantification of ETF in rat skin 
extract with high precision and accuracy. 

 
Scheme. The structure of ETF. 

 
Keywords: Etofenamate, determination, RP-LC, rat skin, validation 
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Bisphenol A (BPA) is produced in quantities higher than 2 million metric tons annually. 
BPA can be found in food and beverage processing and in many products like dental 
sealants, personal care products, baby bottles, building materials, flame retardant 
materials, optical lenses, materials for the protection of window glazing, DVDs and 
household electronics. BPA is a well recognized endocrine disruptor. Some of its 
adverse effects are heart diseases, diabetes, liver abnormalities, reproduction 
adverse effects and thyroid alterations [1, 2].  
Human biomonitoring can be a useful tool for the assessment of human exposure to 
BPA. Current trend in the field of biomonitoring is the use of non-invasive matrices. 
Among them, hair provides several advantages such as stability, easy collection, 
conservation and transportation, allows information on short to long term exposure. 
Moreover, its high lipid content, makes this matrix useful for monitoring lipophilic 
pollutants such as BPA. 
In this work, a solid-liquid extraction method followed by liquid-chromatography mass 
spectrometry determination has been developed and validated for the determination 
of BPA in human hair. Hair samples were washed with water, sodium dodecyl sulphate 
in water and, finally, with water again. Then, they were hydrolyzed with 
methanol/trifluoroacetic acid and extracted with acetone. Recovery of BPA was 82%. 
Precision, evaluated as relative standard deviation, was 4%. The method was 
successfully applied to the analysis of BPA in human hair samples from six volunteers. 
BPA was detected in five of the six samples analyzed in the range from 24 to 158 
ng/g. 

 
Keywords: bisphenol A, human hair, biomonitoring, liquid chromatography-mass 
spectrometry 
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In arson, accelerants such as ignitable liquids (ILs) are commonly used in order to 
initiate the fire. The identification of the type of IL is very useful information for the 
investigators when there is a suspected arsonist. The American Society for Testing 
and Materials (ASTM) standard E1618 provides guidelines for the identification and 
classification of ignitable liquid residues (ILRs) from fire debris samples by GC-MS. 
However, pre-concentration of the ILRs is required prior to the chromatographic 
analysis. The standard method, ASTM E1412, involves passive headspace 
concentration with activated charcoal strips as a method to isolate the ILR from fire 
debris and these residues are subsequently desorbed from the carbon strip with 
carbon disulfide (CS2). Although this method works well is time consuming and it 
requires the use of CS2 which is extremely hazardous. 
In this study a non separative method based on a headspace-mass spectrometry 
electronic nose (HSMS eNose) for the analysis of ILRs is presented. The working 
conditions for the HS-MS analytical procedure were optimized (115 °C and 10 
minutes).  
The optimized method combined with chemometrics was then applied to a set of fire 
debris for determining the presence of ILR and assigning any ILR present into the 
classes defined under the ASTM E1618 standard method.  
The results obtained on using the method developed in this study were comparable to 
those obtained with the reference method. However, the newly developed HS-MS 
eNose method is faster, safer, and more environmental friendly than the standard 
method. 
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Cortisol, a lipophilic steroid hormone, is nowadays considered the principal marker to 
monitor the activation of the hypothalamic-pituitary-adrenal (HPA) axis, which plays a 
central role in homeostatic processes and body’s reaction to daily stressors. Psoriatic 
patients, especially with persistent stress or stress-responsive disease, are 
hypothesized to have a hyporesponsive HPA axis. Interactions between autonomic 
nervous system (ANS) activity, indexed by salivary -amylase (sAA), and HPA activity, 
were proved in predicting psychological functioning related to body changes 
associated with stress. 
Most important for stress research, cortisol levels in oral fluid are well correlated with 
the corresponding amounts of free cortisol in blood. This allows a non-invasive, stress 
free collection of samples not requiring time-consuming serum separation step. The 
determination of cortisol level in oral fluid could offer an alternative approach to 
investigate the responsiveness of psoriatic patients to stressors, thus allowing a better 
understanding of the possible role of stress in the etiology or exacerbation of disease 
and the possible identification of patients who could benefit from an additional 
psychological therapy. 
In this study, analytical procedures for oral fluid sampling and the determination of 
salivary cortisol by HPLC-ESI-Q-ToF and UPLC-ESI-QQQ were developed and 
compared. sAA levels were measured by a colorimetric method, and data analysis 
showed interesting correlations between cortisol and sAA levels which might be used 
to tune patients’ therapies. 
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In this paper, validation of gradient LC method for simultaneous determination of 
bisoprolol fumarate, hydrochlorothiazide and their four impurities (A, L, K and B) is 
presented. Previously, the method was optimized and Derringer´s desirability function 
was used for the selection of optimal chromatographic conditions. The analysis was 
performed using column C8 250 mm  4.6 mm, 5 µm particle size. Mobile phase A was 
ammonium dihydrogenphosphate/orthophosphoric acid buffer (pH 3.35), whereas 
mobile phase B was mixture of acetonitrile and mobile phase A (80:20 v/v). Column 
temperature was 50 ˚C, mobile phase flow rate 1.5 mL min-1 and detection wavelength 
220 nm. It was proved that the method is selective for the determination of bisoprolol 
fumarate, hydrochlorothiazide and their impurities. Limits of quantification (LOQ) and 
detection (LOD) for impurities were determined and the LOQ values were the first 
points in linearity testing. Linearity was confirmed with r values higher than 0.9945 
(impurities) and r = 0.9998 (active substances). Accuracy was tested at three 
concentration levels (80%, 100% and 120%) and confirmed by calculated recoveries 
(from 93.5 to 107.1% (impurities) and from 98.1 to 101.9% (active substances)). 
Precision was tested at three levels: injection repeatability, analysis repeatability and 
intermediate precision. Calculated relative standard deviations were less than 1%, 2% 
and 3%, respectively. Small variations of column temperature, flow rate, pH of aqueous 
phase and mobile phase composition did not affect qualitative and quantitative system 
responses significantly, which proved method’s robustness. Finally, applicability of the 
method in routine was confirmed by analysis of commercially available tablets.  

 
Keywords: bisoprolol fumarate, hydrochlorothiazide, impurities, RP-HPLC 
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ANALYTICAL METHODS FOR DETERMINATION OF COMPLIANCE WITH OEL 
VALUES ESTABLISHED IN  POLAND IN  2014‒2015 
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Objective: In Poland Occupational Exposure Limits (OEL) are called Maximum 
Admissible Concentrations (MAC) and are published by the Minister of Labour and 
Social Policy (based on documented proposals from the Interdepartmental 
Commission for MACs for Agents Harmful to Health in the Work Environment) and are 
legally binding. There is a practice that no MAC values are published unless the 
appropriate analytical method is available enabling determination of compliance. The 
objective of the project was to develop analytical methods for dimethylamine, ethyl 
acrylate, dichlorobenzene isomers, methotrexate, octabromodiphenyl ether and tert-
butyl ethyl ether introduced to the MAC list in 2014‒2015.  
Methods: Parameters of air sample collection (sorbent selection, air volume, sampling 
rate, desorption efficiency) and analytical conditions were investigated. Validation 
parameters, required according to the European standard EN 482:2010 such as limit 
of detection, limit of quantification, analytical range, precision, specificity and expanded 
uncertainty were also determined. Gas chromatography was used in analysis of 
dichlorobenzene, ethyl acrylate, octabromodiphenyl ether and tert-butyl ethyl ether. 
Dimethylamine and methotrexate was analyzed by high performance liquid 
chromatography (HPLC). 
Results: Six analytical methods, meeting the criteria of EN 482:2010 were elaborated. 
The expanded uncertainty of all the methods is better than ± 30%. 
Conclusions: The developed methods were presented in the form analytical 
procedures meeting the requirements of the Polish Standardization Committee for the 
national standards. The methods, as specific and selective in presence of other 
substances expected in the same work environment enable evaluation of occupational 
exposure to the compounds newly introduced to the MAC list. 

 
Keywords: Analytical methods, occupational exposure, occupational exposure limits 
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Many modern therapeutics involved for instance in the treatment of infections, cancer 
or in post-transplant therapies require Therapeutic Drug Monitoring (TDM) owing to 
their narrow therapeutic range. Currently this process is demanding for the patients, 
as several milliliters of blood are required, slow and costly, as the sample need to be 
transferred to a central laboratory, and suffer of limited efficacy, as the results are 
difficult to interpret for a non-specialist. To overcome these problems, we aim at 
providing a simple, rapid and sensitive solution by develop a compact and 
cost-effective Point-Of-Care (POC) drug quantification device based on miniaturized 
competition assay. Preliminary results have demonstrated the feasibility of downsizing 
FPIA and shown that two prototypical drugs: Tobramycin and Tacrolimus, an antibiotic 
and an immunosuppressant can be quantified using minute amounts (only 20 µl) of 
human blood. For Tobramycin, the assay could be further miniaturized down to just 
one µl of human serum while preserving its performance. Moreover, the assays could 
be transposed into paper-based microstructures using a custom-made Fluorescence 
Polarization instrument, as a first step towards a POC-TDM device.  

 
Keywords: IN-VITRO DIAGNOSTICS, FLUORESCENCE POLARIZATION IMMUNOASSAY, 
SMALL MOLECULES, THERAPEUTIC DRUG MONITORING, POINT-OF-CARE. 
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Ethylene glycol poisoning is a relatively frequent medical emergency, may result in 
significant morbidity and mortality if untreated due to its fast metabolic conversion to 
highly toxic glycolic acid (GA) and represents challenges both for clinical and 
toxicological laboratories.  
The new method is based on two parallel derivatization reactions: (a) glycol is 
converted to phenylboronates with phenylboronic acid; (b) glycolic acid is converted to 
its isobutyl ester with isobutyl chloroformate. The entire sample preparation procedure 
is completed within 10 min. The significant parameteres of the derivatization have 
been found using chemometric procedures (fractional factorial design) and these 
parameters were optimized using the face-centered central composite design. The 
calibration dependence of the method was proved to be quadratic in the range of 50 - 
5 000 mg L-1, with adequate accuracy (92 – 109 %) and precision (9.5 %). The 
method was successfully applied to quantify the selected compounds in serum and 
urine from patients from emergency units. 

 
Keywords: Glycols, Glycolic acid, Chloroformate, Experimental Design, GC-FID 
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Within the clinical field, rapid and reliable tests are necessary to determine the 
presence of compounds in saliva. The non-invasive nature and ready accessibility of 
the sample suggest that saliva may be an attractive alternative to blood and urine for 
profiling and screening human subjects. 
 
Ion mobility Spectrometry (IMS) is a sensitive technique that has been shown a higher 
selectivity in explosive and chemical agent applications. Therefore, taking into 
account that it is always essential to provide fast and reliable responses, a sensitive 
method is needed to be implemented in the clinical field as the one proposed in this 
work. 
 
A new method based on head-space analysis from oral fluid was developed to 
determine toxic compounds present in saliva. Also, a preliminary step using a sorbent 
material was performed to enhance sensitivity and selectivity and avoid the 
interference of the humidity from the matrix. Once the extraction is performed, the 
desorption of the material is performed in a headspace vial where the volatile 
compounds are desorbed and analysed by gas chromatography column hyphenated 
with an Ion mobility spectrometer (IMS) providing enough separation among all the 
compounds. The method was fully validated in terms of sensitivity, precision and 
selectivity.  

 
Keywords: toxic compounds, saliva, ion mobility spectrometry 
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Vancomycin and teicoplanin are glycopeptide antibiotics currently in use for the treatment of 
multidrug- resistent bacterial infections. In this paper a rapid, sensitive and simple ultra pressure 
liquid chromatography – tandem mass spectrometry (UPLC-MS/MS) method was developed and 
validated for determination of these two drugs in plasma samples. Macrolide antibiotics 
roxitromycin and azitromycin were used as internal standards. For the optimization of MS 
parameters (capillary voltage, cone voltage, desolvation gas flow rate and collision energy), 
Rechtschaffen design was used and the conditions with the highest signal was chosen. 
Chromatographic separation was performed on ACQUITY UPLC C18 BEH column (2.1 mm x 50 
mm, 1.7 μm particle size) with gradient eution (mobile phase A consisted of 0.1% formic acid in 
water and acetonitrile was mobile phase B). In order to achieve adequate separation of 
investigated substances and acceptable run time, gradient elution was optimized. Quantification of 
analytes was performed by using multiple reaction monitoring (MRM) mode. Precursor – to 
product ion transitions followed were: m/z 724.7→144 and 724.7→99 for vancomycin; m/z 
782.4→203.7 and 782.4→125.8 for teicoplanin A3-1; m/z 939.8→314.3 and 939.8 →296.2 for 
teicoplanin A2-1; m/z 940.6→316.2 and 940.6→298.2 for teicoplanin A2-2/ A2-3; m/z 
947.9→330.2 and 947.9→204.1 for teicoplanin A2-4/ A2-5; m/z 837.3→679.4 and 837.3→158.2 
for roxitromycinand m/z 749.3→591.4 and 749.3→83.0 for azitromycine. The optimized and 
validated method can be used for therapeutic drug monitoring in order to determine levels of these 
drugs and to reduce their adverse effects. 

 
Keywords: vancomycin, teicoplanin, UPLC-MS/MS, experimental design 
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Viruses play a central role in the development of gene therapy products or vaccines 
by the biopharmaceutical industry. The development of processes for the 
manufacturing of viral-based products is very challenging. However, this development 
is closely dependent on the analytical techniques supporting these processes.  
ELISA and Size-exclusion chromatography are techniques of choice for carrying out 
such in-process control (IPC). However, such methods require a longer procedure 
time, expensive reagents and equipment. 
The recent development of monolithic technology could be used to overcome these 
time consuming limitations. The specific design of these columns, with a high porosity 
associated with mass transport based on convection, clearly shows that they are the 
medium of choice for the analysis of large particles, including viruses. 
In this work, CIMac™ QA Analytical Column was used for IPC of different virus 
productions. We have investigated the use of these columns at various stages 
(in-process and final formulation samples) of different virus productions. 

 
Keywords: Monolithic columns, virus particles, process monitoring testing 
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Comparison of stability-indicating liquid chromatographic methods with photodiode 
array detection (DAD) or light scattering detection (ELSD) was performed for the 
simultaneous determination of candesartan cilexetil and hydrochlorothiazide in 
pharmaceutical samples. A RP-18 column was used for the separation of candesartan, 
hydrochlorothiazide and its major degradation products, using acetonitrile and 
phosphate buffer (DAD) or acetonitrile an water with acetic acid (ELSD) as mobile 
phase in a gradient mode The respose of ELSD can be fitted to a power function and 
the DAD respose by a linear model over a range of 32-160 µg/mL for candesartan and 
25-125 µg/mL for hydrochlorothiazide. The accuracy of the methods ranges from 98.1 
to 101.9% and from 98.3 to 103.9% for DAD and ELSD, respectively. The precision 
were below 3.5% for DAD and 2.6% for ELSD. With DAD the LOQ were 1.66 and 1.85 
µg/mL for candesartan and hydrochlorothiazide, and with ELSD the LOQ were 2.00 
and 3.00 µg/mL for candesartan and hydrochlorothiazide, respectively. The pure 
drugs were subjected to stress conditions of hydrolysis, oxidation, photolysis, humidity 
and thermal degradation. Both drugs mainly degrade by hydrolysis, showing the 
formation of one degradation product for hydrochlorothiazide and two for candesartan; 
the identification of degradation products was conducted by LC/MS/MS. The 
developed methods were successfully applied to the analysis of candesartan and 
hydrochlorothiazide in combined commercial tablets. Both methods are suitable for 
stability study and determination of candesartan and hydrochlorothiazide  in 
pharmaceutical samples. 

 
Keywords: Stability, candesartan, hydrochlorothiazide. 
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Urine testing for the presence of drugs of abuse requires methodology sensitive 
enough to monitor well below therapeutic levels and selective enough for identification 
of specific drugs without false positives. Current methodologies for urine analysis 
consist of ELISA reagent kits. While not specific to an individual drug, samples often 
must also be subject to confirmation testing by HPLC-MS/MS or GC-MS.  In this 
study, newly developed biocompatible Solid Phase Micro Extraction (SPME) fibers are 
utilized for the extraction of drugs of abuse from urine samples. 
With the SPME LC Tips with C18 fibers chemistry, reversed phase liquid 
chromatographic techniques can be employed for the extraction of polar and 
non-polar compounds from aqueous matrices. The SPME LC Tips consist of 
functionally bonded silica particles with a C18 stationary phase.  The particles are 
then bonded to a metal fiber core using a proprietary binder that is inert to common 
organic solvents. The SPME LC Tips have been developed to address limitations of 
current commercially available coatings, making them suitable for extraction in 
biological matrix and for direct solvent desorption  
In this study, the SPME LC Tips were investigated as an alternative method for 
analysis of illicit drugs in urine. Cocaine, benzoylecgonine, coca-ethylene, norfentanyl, 
methadone and  EDDP were selected as representative drugs and metabolites.  
Matrix matched standards with isotopically labeled internal standards were prepared 
for calibration.  Urine samples that had tested positive by ELISA techniques for the 
presence of cocaine metabolites were then analyzed using the SPME LC Tips 
extraction technique.   The C18 fibers were then directly desorbed and analyzed by 
LC-MS/MS technique.  Extraction technique and chromatographic conditions are 
described. 

 
Keywords: Drugs of Abuse, Urine, Forensic Analyis, BioSPME, 
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NEW REVERSE-PHASE LIQUID CHROMATOGRAPHY/DIODE ARRAY 
DETECTION APPROACHES FOR HIGH-THROUGHPUT QUALITY CONTROL OF 

FOUR INTACT MONOCLONAL ANTIBODIES IN HOSPITAL PHARMACY 
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Seven RP-HPLC/DAD complementary methods were developed and validated, for a 

high-throughput quantification of Bevacizumab, Rituximab, Trastuzumab and 

Pertuzumab. First, a very fast (run time of 1 min), accurate (recovery of 100 ± 1 %) 

and precise (RSD < 3 %) universal isocratic RP-HPLC method for direct analysis of 

intact monoclonal antibodies (mAbs), was developed at a flow rate of 2 mL/min. 

Mobile phase was composed of Water/Isopropanol/Acetonitrile/1% (v/v) formic acid in 

water, at the proportions of 30/10/50/10% respectively. Chromatography was 

achieved on a Chromolith® RP-18e monolithic column (100 mm × 4.6 mm), at 25°C. 

MAbs were first eluted as good resolved (from excipients, cytotoxic drugs) flow-

through peaks at a similar time of 0.67 min, following size-exclusion like elution. Peak 

identity confirmation was conducted using the UV spectra matching with a high level 

of confidence. Linearity (detection at 280 nm) was demonstrated over the usual 

therapeutic concentration ranges (R2 > 0.9997). Secondly, six identification methods, 

of 2 minutes run time, were optimized for revealing potential cross-contamination, 

under a gradient mode (flow rate of 2 mL/min). A wide-pore PursuitTM 200 Å diphenyl 

column (30 x 4.6 mm, 5 µm) and/or a short Chromolith® RP-18e column (25 mm x 4.6 

mm) were used at 25°C. High sensitive identification was based on the reproducible 

chromatographic fingerprints obtained for every mAb. A unique cost and time-saving 

RP-HPLC/DAD in-line procedure was suggested by coupling the developed methods 

in series. In conclusion, a new performance of the RP-HPLC, in the mAbs analysis 

and characterization fields, was emphasized. 

Keywords: Monoclonal antibodies, Reverse-phase HPLC, chromatographic fingerprints, 

High throughput analysis. 
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Florfenicol, ,2-dichloro-N-((1R,2S)-3-fluoro-1-hydroxy-1-(4-(methylsulfonyl)phenyl)pro
pan-2-yl)acetamide has the chemical structure 

     
Florfenicol is a member of chloramphenicol and thiamphenicol family. The chemical 
name is 2, 2-dichloro-N-[(1R, 2S)-3-fluoro-1-hydroxy-1-(4-methanesulfonylphenyl) 
propan-2-yl] acetamide. Florfenicol was widely used clinically now for the treatment of 
intestinal infections, respiratory tract infections, typhoid, and so on. Compared to 
thiamphenicol, florfenicol shows significant superiority in antibacterial spectrum, 
antibacterial activity, and considerably lower side effect; its antibacterial potency is 10 
times higher than that of thiamphenicol. A new, simple, rapid, wide applicable range 
and reliable derivative spectrophotometric method has been developed for 
determination of enrofloxacin. 
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The modern pharmaceutical technology is constantly looking for new drug delivery 
strategies. One of the most prevalent concepts is the encapsulation of therapeutic 
compounds in supramolecular nanosystems formed by amphiphilic molecules. As a 
consequence, new and highly effective methods for qualitative and quantitative 
analysis of amphiphiles become necessary for the chemical investigation of these 
nano-objects. Among those, ultra-high performance liquid chromatography (UHPLC) 
can be used to characterize and quantify amphiphilic molecules in nano-assemblies. 
In this work, reversed-phase (RP) UHPLC was the first chromatographic technique 
investigated. It takes into consideration both hydrophilic and lipophilic parts of these 
molecules. Double detection using Diode Array Detector (DAD) and Charged Aerosol 
Detector (CAD) was hyphenated to liquid chromatography. Indeed, CAD is well-suited 
for the detection of amphiphiles due to their lipidic nature and, for some of them, to the 
lack of chromophores. 
This analytical development focused on three amphiphilic molecules synthetized for 
biomedical applications: DOTAU, diC16dT, and DOPC which are cationic, anionic, 
and zwitterionic molecules, respectively. The impact of several experimental 
parameters on their retention was studied: stationary phase and mobile phase organic 
solvent and pH. The results contribute to a better understanding of amphiphilic 
molecule behaviour and also encourage further exploration of this research area. 
Thanks to these analytical investigations, purity and stability studies of these 
molecules were performed in various solvents to support formulation purposes. The 
final perspectives of this work will be to quantify amphiphiles included in theranostic 
nanoplatforms. 

 
Keywords: Amphiphile, UHPLC, CAD, DAD, Stability and Purity studies 
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 Monitoring the presence of mercury in biological samples is essential to assess 
the influence of the exposure to this toxic metal and prevent health effects. Mercury 
determination in urine gives information about the exposure to elemental or inorganic 
mercury compounds whose main route of excretion is via the urine in the inorganic 
form (Hg2+).  

The purpose of this work is to present a novel method for mercury determination 
in urine samples in which the advantages of miniaturized sample preparation 
techniques are combined with the quickness, low cost, high sensitivity and specificity 
of the electrochemical analysis with screen-printed electrodes. Thereby, gold 
nanostructured screen-printed carbon electrodes (SPCnAuEs) are employed as 
electrochemical transducers after vortex-assisted ionic liquid based dispersive 
liquid-liquid microextraction and microvolume back-extraction. Mercury complexes 
with ammonium pyrrolidinedithiocarbamate are directly extracted from non-digested 
urine samples into the ionic liquid. Then, mercury is back-extracted into 10 µL of an 
acidic aqueous solution, which is finally analyzed by anodic stripping voltammetry 
using SPCnAuEs. 

Since uncontrollable matrix effects were found when analyzing different urine 
samples, standard addition method was employed to evaluate the analytical 
parameters. The results showed good linearity (correlation coefficient ranged from 
0.990 to 0.9998), trueness and repeatability (CV=11%). Finally, limit of detection 
ranged between 0.5 and 1.5 µg L-1 in different urine samples, which is significantly 
lower than the threshold level established by the World Health Organization for the 
normal content of mercury in urine (i.e., 20 µg L-1). 

 
Keywords: dispersive liquid-liquid microextraction, mercury, screen-printed electrodes, urine. 
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Desomorphine (street name-krokodil) has been reported as one of the most 

dangerous street drugs. Initially synthesized in 1932, its abuse was first reported in 

Siberia in 2002. Since then it has been reported in other countries including the 

Georgia, Germany, Kazakhstan, Norway, Poland, Ukraine and US. In the UK, there 

have been no confirmed cases yet, however, various reports indicate that drug users 

have turned up to hospitals with the symptoms associated with the use of this drug. 

Therefore, there is a need for the development of analytical methods in order for this 

drug to be detected from seized samples. This will not only assist law enforcement 

personnel, but will also help health professionals and policy makers. 

 

This research presents a validated GC-MS based method for the simultaneous 

detection of desomorphine in presence of other opiates (codeine, morphine, 

desomorphine). Street samples seized by Cambridgeshire Constabulary, UK have 

been analysed and this poster presents the results obtained.    

 

As clandestine chemists are constantly synthesising new drugs of abuse, forensic 

chemists often need to synthesise and characterise these substances in order to 

confirm their identity and route of synthesis of the seized samples. This is expensive, 

as well as time-consuming. Therefore, there is a need for national and international 

collaboration among forensic chemists to share the data in order to overcome this 

difficulty. 

 
Keywords: Krokodil, desomorphine, opiates, GC-MS 
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Uric acid, a weak acid (pKa = 5.4) distributed throughout the extracellular fluid 
compartment as sodium urate, is the final oxidation product of purine nucleotides 
catabolism in humans and is excreted in urine. Due to its role in the pathogenetic 
mechanism, the non-invasive measurement of uric acid in oral fluid may be a useful 
tool for monitoring patients affected by gout, hypertension, cardiovascular and 
neurodegenerative diseases. 
In this work, the influence of sampling parameters such as oral fluid pH and flow rate 
on the concentrations of uric acid in oral fluid was evaluated. Samples of 
non-stimulated and stimulated oral fluid were collected from 10 healthy volunteers. 
Different degrees of stimulation were obtained by chewing a polyester Salivette swab 
at 50, 100 and 150 chew/min. After a 50-fold dilution with the mobile phase (3% 
acetonitrile and 97% water with 0.1% of formic acid), the uric acid concentration in 
oral fluid was measured by HPLC-UV. The chromatographic separation was carried 
out in isocratic conditions using a Zorbax SB-Aq reversed-phase column, and 
ultraviolet detection was performed at 290 nm. 
Results highlight that the concentration of uric acid in oral fluid is not influenced by pH 
and is inversely proportional to flow rate. Since uric acid does not diffuse through the 
salivary membrane due to its low hydrophobicity, a transfer process probably 
mediated by the membrane carrier URAT1 was hypothesized. 

 
Keywords: Oral fluid, uric acid, oral fluid flow rate, oral fluid pH 
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In this work, a new UPLC and UPLC-MS/TOF methods for the degradation products 
determination when Etifoxine (ETI) is submitted to different stress conditions are 
presented. Chromatography is performed by using waters HSSC18 1.8 µm particle 
size; 2.1 x 100mm at 30°C. The selected mobile phase consists of formate buffer 0.02 
M, pH = 3 and methanol (70/30, v/v). ETI is submitted to oxidative, acidic, basic, 
hydrolytic, thermal and UV light degradations. Detection is made at 254 nm with 0,5µL 
as volume cell, injected volume was 0,5µL. A number of degradation products (DPs) 
called DPA, DPB, DPC and DPD are found depending on the stress; DPA with heat, 
DPA and DPB in acidic media or under UV-light; DPA, DPB and DPC under basic 
stress; DPA, DPB, DPC and DPD with oxidation. UPLC-MS/TOF is used to 
characterize the four DPs of ETI resulting from different stress conditions. 1H and 13C 
NMR are used to confirm the DP structures. The ETI fragmentation pathway is 
proposed.. Kinetic study of the different degradations are made. The method is 
validated according to ICH guidelines. ETI are selectively determined in presence of its 
DPs, demonstrating its stability‐indicating nature. Finally, for the validation step, 
specificity, linearity, accuracy and precision are determined for ETI and its DPs. 

 
Keywords: Etifoxine, stress degradation, UPLC-MS/TOF, NMR, validation, Kinetic 
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Three new stochastic sensors based on metal nanocomposites-graphene pastes 
modified with protoporphyrin-IX were employed for the pattern recognition of PPAR- 
PPAR- is expressed in cerebrospinal liquid. This nuclear receptor can diminish the 
inflammatory state by constraining the expression of proinflammatory cytokines such 
as: IL-6, TNF-, MCP-1. All these cytokines are involved in pathophysiology of 
bacterial infections, but also in obesity or cardiovascular diseases. Cerebrospinal 
fluids from patients with bacterial infections were analyzed using stochastic sensors to 
detect the levels of PPAR-, knowing that the proinflammatory cytokine levels were 
high. Stochastic sensors could reach low determination limits for the detection of 
PPAR- (20pg/mL). Stochastic sensors are a good alternative for ELISA method being 
able to fast screen biological fluids for PPAR- with high reliabilities. 

 
Keywords: PPAR-, cerebrospinal fluid, stochastic sensors, inflammation 
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ICP MS is a one tool of choice to establish the amount of trace elements and 
quantity of Pt/Au absorbed by cancer cells. The amount of metals was established for 
lysates of cancer and regular cells exposed to different doses of auranofin and 
cisplatin obtained by means of ultrasound probe. The lysis process using an ultrasonic 
probe was carried out for 20 min with 30% power. Next, in the aim to accurately clean 
samples, they were centrifuged twice, and filtered through a 0.45 um filter. Samples 
were introduced into plasma ion source by means of Meinhard nebulizer working in 
the aspiration mode to avoid system contamination. Ni-sampling cone was used for Pt 
determination and Pt-enriched was used for selected micro-elements. The second 
option offered decreased baseline and detection limits down to 0.2 ng ml-1 for Cu, Mo, 
Ni, Pt, Au and down to 2 ng ml-1 for Zn. The strength of a linear association between 
two variables (intracell concentration of metal and vitability of cells) for cancer cells 
incubated with auranofin is higher than 0.99 for cancer cells exposed cis-Pt. The 
increased concentration of auranofin and cis-platin during the incubation of the cells 
was responsible for different effectiveness of accumulation of metals with b= 3,98 for 
auranofin and b=2,02 for cis-Pt. 

Studies showed that cell lines A549 lung cancer were more sensitive to 
administered metalo-agents compared to regular cells MRC-5. The concentration of 
auranofin responsible for death of all cells (IC100) in the case of MRC-5 cells was 
70-times higher, than in the case of lung cancer cells.  

 
Keywords: ICP MS, auranofin, cis-platin, cancer cells 
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SEPARATION AND CHARACTERIZATION OF THE HYDROLYTIC 
DEGRADATION PRODUCTS OF AMLODIPINE AND ATORVASTATIN AND 

DEVELOPMENT OF HPLC AND CE METHODS FOR QUANTITATIVE 
DETERMINATION IN BULK POWDER AND DOSAGE FORM 

Said Abd El-Monem Hassan, Eman S. Elzanfaly, Maissa Y. Salem, Badr A. El-Zeany 

Cairo University, Faculty of Pharmacy, Department of Analytical Chemistry, Kasr El-Aini Street, ET 
11562, Cairo-Egypt. 

Amlodipine (AML) and atorvastatin (ATV) were subjected to stress degradation via 
acidic hydrolysis and their degradation products were separated and their structures 
were elucidated.  This was followed by the development and validation of two 
chromatographic methods for the simultaneous determination of the drugs in 
presence of their degradation products. The first method was a simple isocratic RP-
HPLC method, utilized Agilent Zorbax® ODS 5 um, 4.6 x 250 mm column, at ambient 
temperature, mobile phase consisting of acetonitrile: methanol: phosphate buffer 
solution (45: 30: 25 by volume), pH adjusted to 2.5±0.1 with orthophosphoric acid, at 
a flow rate of 1.0 mL min-1 and UV detection at 254 nm. The second method was 
Capillary Electrophoresis (CE), the separation was carried out in a bare fused-silica 
capillary (48.5 cm total length and 40.0 cm effective length, 50.0 µm internal 
diameter) by applying a potential of 15 kV and a running buffer consisting of 50 mM 
borate buffer at pH 8.0 with UV detection at 200 nm. The degradation products did 
not interfere with the determination of both drugs and the assays are therefore 
stability-indicating. The proposed methods were validated according to ICH 
guidelines and successfully applied to the estimation of AML and ATV in bulk powder 
and in pharmaceutical dosage forms. 

Keywords: Atorvastatin; Amlodipine; HPLC; stability indicating; capillary zone 
electrophoresis; degradation 

P294

476 sur 745
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Vancomycin is a tricyclic glycopeptide antibiotic, which is effective against 
gram-positive organisms, including methicillin-resistant Staphylococcus aureus, 
Staphylococcus epidermidis and Clostridium difficile1. Its use is indicated especially in 
severe staphylococcal and streptococcal infections resistant to penicillin and oxacillin 
or allergies to penicillin1. The aim of the project was development of rapid and 
sensitive UHPLC-MS/MS method for determination of VCM in human serum, urine 
and perfusion fluid with simple sample preparation. The best results for 
chromatographic separation were achieved with core-shell YMC Meteoric Core C18 
BIO column, 2.7 µm particle size C18, 100 x 4.6 mm (YMC Europe GmbH, Germany) 
and acetonitrile with 0.2% (v/v) FA in mixture with water (pH 2.58) as the mobile phase. 
VCM and teicoplanin (internal standard) were determined by a triple quadrupole mass 
spectometer with electrospray ionization source (LCMS 8030, Japan). Total time of 
analysis was 1.8 min. Real biological samples after simple protein precipitation and 
dilution with water were analysed with a good results of validation parameters. Only 
low volume (200 μl) of sample was needed. This new UHPLC-MS/MS method will be 
used for determination vancomycin levels in surgical patients with Systemic 
Inflamantory Response Syndrome (SIRS) caused by multi-trauma or serious bacterial 
infection and accompanied with a large fluid sequestration when therapeutic dosing of 
vancomycin could be complicated and it enables better personalization of antibiotic 
treatment. 

 
Keywords: Vancomycin, Teicoplanin, UHPLC-MS/MS, biological fluids 
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Oxorhenium(V) complexes with β emitting 186Re and 188Re isotopes are supposed to 

play significant role in radiopharmaceutical medicine. So far, 90% of all diagnostic procedures 

are carried out using coordination compounds of 99mTc. Analogous rhenium complexes seem 

to cover the field of highly efficient targeted agents in bone antitumor therapy. For rhenium 

based radiopharmaceuticals, defined reduction of perrhenate and its stabilization via suitable 

complex formation still remain crucial breakthroughs waiting to be achieved. Detailed 

monitoring of reactions in course of complex formation is a key for proposal of optimal 

reaction kits providing desired complex with minimum concentrations of reaction by-products 

and degradation products. Our recent experiments proved that mass spectrometry with soft 

ionization techniques is a promising tool for identification and quantification of oxorhenium(V) 

complexes directly in reaction mixtures.   

This contribution reports mass spectra of three structurally related oxorhenium(V) 

complexes with 1,2-dihydroxybenzene,  2,3-dihydroxynaphtalene and 

1,2,3-trihydroxybenzene as complex forming ligands. Structurally representative spectra 

obtained by means of electrospray ionization (ESI), atmospheric pressure photo ionization 

(APPI) and laser desorption/ionization (LDI) document the suitability of mass spectrometry for 

identification of studied complexes and other compounds present in reaction mixture. 

Comparison with supplementary data obtained by NMR and IR confirmed an excellent 

sensitivity of mass spectrometry. Mass spectrometry reveals unknown structures of reaction 

by-products and degradation products accompanying prepared complex. By means of 

recorded mass spectra it was possible to identify the products of side reactions, the kinetics of 

whose was monitored by UV/Vis spectrometry. 

 
Keywords: Rhenium Complexes, Mass-spectrometry, Structural analysis, ESI-MS 
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Liquid chromatography- silver based amperometric detector (LC-Ag) was used for the 
determination of 6-thioguanine (6-TG) and two of its metabolites, thiouric acid (TU) 
and 2-amino-6-mercaptopurine riboside (6-TGR). The silver detector coupled to LC 
operated at a low applied potential (0.08 V vs Ag/AgCl) and offered a chromatogram 
with peak responses corresponding to molecules interacting with silver namely, 
chloride ions and small soluble biothiols in addition to the organothiol drug 
compounds investigated. Pulsed electrochemical detection (PED) was used for 
analysis of these thiopurines due to the repeatability and peak shape of the recorded 
signal. The studied molecules were eluted within 5 min without interference from 
endogenous biothiols present in urine samples. Diluted urine samples (1:1) were 
directly injected in the LC setup, a linear response was obtained for the PED signal 
between 0.1-10 µM for all the studied molecules. Limits of detection were 32, 7.5 and 
11 nM, and the limits of quantification were 98, 22 and 34 nM for TU, 6-TG and 6-TGR, 
respectively. Recoveries in spiked urine were 99.8%, 99.9 % and 99.0 % for TU, 6-TG 
and 6-TGR, respectively. 
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The first full identification and quantification of internet purchased aminoindan 
samples is presented. The chemical composition of eleven legal high products 
claiming to contain an aminoindan analogue was determined. Aminoindanes 
are a class of novel psychoactive substances abused primarily within the 
United Kingdom. They mimic the stimulant effects of drugs such as MDMA 
and amphetamine.  
The Internet products were analysed using gas chromatography mass 
spectrometry (GC-MS) where 2-AI and MDAI were confirmed at m/z 133 and 
m/z 177, respectively. From this analysis, a number of common adulterants 
were identified; most notably caffeine was the primary constituent in seven of 
the products.  Aminoindan analogues 2-AI and MDAI were identified in four 
and three of the products, respectively. An ultra high performance liquid 
chromatography (UHPLC) method was also developed to monitor both volatile 
and non-volatile compounds in the products. A 5µ Kinetix core-shell XB 
column was used to successfully separate the aminoindan analoges 2-
aminoindan (2-AI), methylenedioxyaminoindan (MDAI) and 5-iodo-2-
aminoindan (5-IAI); and caffeine. Notably no 5-IAI was found within any 
products purchased. Less than half of the internet products matched their 
label claim. These clearly possess a large public health risk. The developed 
methods allowed for successful identification and quantification of constituents 
within the eleven aminoindan products.  

 
Keywords; HPLC, GC-MS, ICP-OES, legal highs, aminoindanes 
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The aim of this study was to use molecular dynamics to rationally inform the design 
of small-molecule sensors for the detection of mephedrone, a Novel Psychoactive 
Substance (NPS). From this the synthesis and proceeding NMR analysis was 
performed. Due to the large number of NPS, the development of a selective sensory 
device is challenging. A selective host molecule would interact with as much of the 
target molecules as possible, not just a single functional group. Metadynamics has 
been used to investigate the binding affinities between five “host” molecules and 
mephedrone. In order to demonstrate selectivity towards mephedrone over common 
contaminant molecules, interactions with amphetamine and caffeine were also 
studied.  

Binding energies were calculated from the metadynamics analysis. These 
simulations provide evidence on the selectivity of the host molecule with 
mephedrone and the common contaminant molecules, as well as the type of 
interactions that are observed. From the simulations performed di-thiourea 
anthraquinone shows the greatest affinity with mephedrone with a Gibbs free energy 
of 7.04 kcal mol-1. Caffeine and amphetamine produce minimum system energy 
12.26 and 21.02 Å away from the host molecule respectively, suggesting the lowest 
energy of the system occurs without the host and guest molecules interacting. From 
this the target molecule was synthesised and allowed for NMR titrations studies to be 
carried out to calculate the binding affinity for mephedrone.  

Metadynamics shows potential to be used in further work for rational design of small 
molecule binding sites.  

 

Keywords: Metadynamics, NMR, Mephedrone, Sensor 

Acknowledgements: The authors would like to thank the Winston Churchill Memorial trust for 
funding research carried out at the University of Southern Mississippi.  

P299

481 sur 745



LC-MS/MS CHARACTERIZATION OF FORCED DEGRADATION PRODUCTS OF 
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The present study reports the characterization of forced degradation products of Nebivolol by 

liquid chromatography-tandem mass spectrometry (LC-MS/MS), and development of a 

validated stability-indicating reversed phase ultra performance liquid chromatographic method 

for the determination of Nebivolol in the presence of its process related impurities in bulk 

drugs.Forced decompositionof Nebivolol was carried out and studied under acidic, basic, 

aqueous,oxidative, photolytic and thermal conditions. Nebivolol degradation was not observed 

under photolytic, thermal and aqueous conditions applied in our study. However, Nebivolol 

degradation was observed under basic, acidic and oxidative conditions. Successful 

chromatographic separation of the drug and its synthetic impurities and degradation products 

was achieved on a waters acquity BEHC18 stationary phase (50 × 2.1 mm, 1.7µm).Gradient 

elution of 10mM ammonium acetate and acetonitrile at a flow rate of 0.3 mL/min was found 

optimum. Analytes detection was carried out using a PDA detector set at 222 nm. The 

developed UPLC method was validated with respect to specificity, linearity, accuracy, 

precision, and robustness. Limits of detection and quantification for impurities were also 

established.The degradation products were characterized by comparing their collision induced 

dissociation mass spectral data with that of Nebivolol. The most possible degradation and 

fragmentation pathways were proposed. 

 
Keywords: Nebivolol, Impurities, UPLC, Stress conditions, Stability-indicating, Degradation products. 
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This work aims at developing and validating a convenient, rapid, and sensitive method for 

estimation of iodide in serum samples. Determination and quantification was carried out by 

Gas Chromatography on microcapillary column with an Electron Capture Detector source. 

The iodide is reacted with 3-pentanone to form an iodoketone, extracted into hexane and 

analyzed by GC-ECD. After optimization, the method was validated by evaluating the 

analytical curves, linearity, limits of detection, and quantification, precision (repeatability and 

intermediate precision), and accuracy (recovery). Recovery values ranged from 97,88 to 

103,08 % .The precision (repeatability) ranged from 5,75 to 7,58 % and intermediate precision 

from 5,75 to 7,58 %. Retention time was 7.33 minutes, and limite of quantification was 500 

µg/L. Good linearity of the calibration curves was obtained over the range from 1000 to 20000 

µg/L. Results indicated that the developed method is rapid and easy to perform, making it 

applicable for analysis in determination of blood iodide in concentrations reported for burn 

patients treated with iodophors. 
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As useful environmental biomonitors, hair and fur have been used to demonstrate the 
organism load with various persistent bioaccumulative or doping substances and 
heavy metals. 
Firmly built in the protein structure, endogenous substances can be released after the 
irreversible destruction of the hair structure. After a direct contact with the environment, 
exogenous chemicals trapped on hair surface can be removed by a washing process. 
Difficulties and unclearness are connected just with cleaning prior to sample 
preparation and analysis. Although previous studies recommended many washing 
procedures, only one unified IAEA procedure has existed (acetone and water). 
Especially washing steps bring potential risk of disruption of the hair internal structure 
and releasing of substances that are the subject of analytical interest. 
A suitable washing procedure useable before hair analysis was search for. The effect 
of single cleaning media (HNO3, acetone, Triton X-100, EDTA) was evaluated with the 
use of statistical methods for the DOE (a full factorial experiment, four factors at two 
levels). The optimization of cleaning conditions (concentration of washing media, time, 
and agitation support) was assessed using a reduced 2k-p factorial plan. 
15 elements were followed including these which set up the border between 
exogenous (sodium, potassium) and endogenous (sulphur, copper) indicators. 
Significant differences between agents were found: each of them revealed different 
washing strength for specific elements (e.g. acetone released sulphur from the inner 
structure). Results brought a question if to compromise a washing step before 
multielemental analysis or if to use the procedure tailored to a single element. 
 
Keywords: horsehair, sample preparation, design of experiment, ICP-OES / MS  
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The aim of this study was to develop a stability indicating reverse phase HPLC 
method of simple, effective, fast and economic which provides mass balance to 
determinate and identification of degradation products in pharmaceutical products 
which includes Ciprofloxacin and Ornidazole. Developed method was validated to ICH 
and reliability and applicability of the method had been approved. The peak impurity 
index of peaks in the chromatograms was investigated using PDA detector with HPLC. 
As recommended in ICH Guideline, a degradation study was performed under forced 
degradation conditions for Ciprofloxacin and Ornidazole. Thus, the degradation 
products was identified and specificity of the method was investigated. Degradation 
studies were performed under oxidative, acidic, basic hydrolysis, heat and photo 
degradation forced conditions as suggested in ICH Guideline.  
 
In accuracy study, % RSD values from obtained Ciprofloxacin, Ornidazole and their 
impurities results were below %10. The percentage recoveries were determined and 
observed from %90 to %110 and mass balance was achieved in degradation studies. 
Ciprofloxacin, Ornidazole and the peaks of degradation products had not shown any 
interferences. Therefore, this method has been proven to be a method of  
determining stability. Any simultaneous analysis method for the determination of 
degradation products of Ciprofloxacin and Ornidazole in combined pharmaceutical 
dosage forms has been not reported in the literature. In conclusion, this method would 
be potentially useful for a routine laboratory because of its good selectivity, recovery, 
reproducibility, simplicity and rapidity in the simultaneous determination of degradation 
products of Ciprofloxacin and Ornidazole in combined pharmaceutical dosage forms. 

 
Keywords: Ciprofloxacin hydrochloride, Ornidazole, Degradation products, Analytical method 
development 
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Simvastatin, [2, 2-dimethyl-, 1, 2, 3, 7, 8, 8a- hexahydro- 3,7-dimethyl- 8-[2 
(tetrahydro-4-hydroxy- 6-oxo-2H-pyran-2-yl)-ethyl]-1-naphthalenylester] is a lactone 
that inhibits the enzyme HMG Co Enzyme A. Ezetimibe ((3R,4S)-1- (4-fluorophenyl) 
-3-[(3S)-3-(4-fluorophenyl) -3-hydroxylpropyl) ]-4-(4-hydroxy phenyl) -2-azetidinone) 
belongs to a class of hypolipidemics that specifically inhibits the absorption of 
cholesterol and reduces the blood cholesterol level. It also decreases the excessive 
accumulation of cholesterol in blood vessels. 
In recent work, to support real biological sample application, a simple, selective and 
rapid RP-LC method has been developed and validated for the sensitive and 
simultaneous determination of simvastatin and ezetimibe in rabbit serum and 
pharmaceutical dosage form. Dissolution profile of the pharmaceutical dosage form of 
simvastatin and ezetimibe was also studies without any time-consuming extraction or 
evaporation steps prior to drug assay. The mobile phase consisted of 0.1% 
H3PO4:methanol:acetonitrile (30:35:35) was used with 0.75 µL.min-1 flow rate. The 
chromatographic separations were performed at 30 ºC using XTerra® C18 (250 mm × 
3 mm ID × 5 m, Waters, Milford, MA,USA) column. The samples were detected at 236 
nm. The linearity of the detector response for ezetimibe and simvastatin was 
determined by plotting peak area ratios vs. concentration. It was successfully applied 
to the analysis of ezetimibe and simvastatin combined pharmaceutical preparations, 
and rabbit serum samples without any interference by the excipients and endogenous 
substances. Moreover, the proposed methods have been extensively validated and 
the method can be used for the determination of ezetimibe and simvastatin for 
monitoring its concentration for in vitro dissolution studies. 

                     
            Simvastatin                          Ezetimibe 

 
Keywords: simvastatin, ezetimibe, drug dissolution study, rabbit serum 
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Abstract 

Four, accurate, precise, and sensitive spectrophotometric methods are developed for 

the simultaneous determination of a binary mixture containing amlodipine besylate 

(AM) and atenolol (AT) where AM is determined at its λmax 360  nm (0D), while 

atenolol can be determined by different methods. Method (A) is absorpotion factor 

(AFM). Method (B) is the new Ratio Difference method(RD) which measures the 

difference in amplitudes between 210 and 226 nm of ratio spectrum., Method (C) is 

novel constant center spectrophotometric method (CC) Method (D) is mean 

centering of the ratio spectra (MCR) at 284 nm. The calibration curve is linear over 

the concentration range of 10–80 and 4–40 μg/ml for AM and AT, respectively. 

These methods are tested by analyzing synthetic mixtures of the cited drugs and 

they are applied to their commercial pharmaceutical preparation. The validity of 

results was assessed by applying standard addition technique. The results obtained 

were found to agree statistically with those obtained by a reported method, showing 

no significant difference with respect to accuracy and precision.  

Key words: amlodipine; atenolol; absorption factor; constant center. 
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Glass is an inorganic amorphous material can be found in several crime scene, in the 
personal effects of a suspect or a victim’s body, being the most important forensic 
objectives, the study of its classification, comparison and differentiation, in order to be 
able to trace a fragments to its origins. When the evidence found fall in the category of 
trace, is essential to develop a non-destructive, non-invasive method of analysis and 
that requiring a minimum preparation. Consistent with the above, was developed and 
implemented an analytical methodology based of spectrometry X-ray fluorescence 
(XRF) and scanning electron microscopy with energy dispersive X-ray (SEM-EDX), 
that allow characterize and differentiate various types of glass with a same brand 
through multivariate analysis of the spectra, which has not been reported in the 
literature. 
The chemometric tools used were principal component analysis (PCA) and linear 
discriminant analysis (LDA). 
A total of 160 samples, that include 20 types of glass, was analyzed, which by XRF, 
PCA was able to distinguish 16 group, while LDA, the calibration set of 120 samples, 
96% were well classified, and the validation set of 40 samples, only 4 of them were 
misclassified; on the other hand, using SEM-EDX, was possible differentiate 17 
classes by PCA, while with LDA 96% of the samples, belonging to the calibration and 
validation set, were well classified. These results are promising for real applications of 
this type of evidence. 

 
Keywords: forensic sample, glass, multivariate analysis, non-destructive techniques. 
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The analysis of exhaled breath might become a fundamental tool for modern medicine 
to obtain information on physiological processes and exposure to volatile pollutants. 
Breath offers advantages in terms of non-invasive sample collection and simpler 
matrix for analysis than blood, tissues or urine. The real time measurement of CO2 
during expiration allows the selective sampling of the end-tidal breath fraction, which 
is characterized by a lower variability and higher concentration of the volatile 
compounds released from blood. 
In this work, a simple approach based on needle trap micro extraction (NTME) to 
collect alveolar breath sample over multiple breaths was investigated and optimized. 
This technique, combining the advantages of SPE (active adsorption) and SPME 
(small volume, direct injection in the GC injector), uses a stainless steel needle 
(internal diameter 0.22 m and length 6 cm) packed with suitable sorbent materials. 
Needle traps with different combinations of sorbents (e.g. DVB, PDMS, Carbopack X 
and Carboxene 1000) were automatically desorbed by a CONCEPT NT-sampler and 
volatile organic compounds detected by an Agilent 7010 Series Triple Quadrupole 
GC/MS. The influence of sampling flow rate and desorption temperature was 
evaluated using both dried and humid standard gas solution. Particular attention was 
paid to the use of internal standard for data normalization, since the desorption step is 
critically influenced by the amount of water. Detection limits in the range of pptv and 
ppbv for all the investigated compounds were observed. 

 
Keywords: Needle trap micro extraction, exhaled breath, volatile organic compounds. 
Acknowledgements: The work presented in this paper was supported by the project PHC- 
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The benzodiazepines are used in self-poisoning in a large number of countries. 
In large doses, they cause coma, respiratory depression and death, and also 
maximize the toxicity of other depressants of the central nervous system, hence 
the importance of developing new methods for their extraction and determination. 
The Microextraction by Packed Sorbents (MEPS®) followed by Ultra 
Performance Liquid Chromatography-Mass Spectrometry in tandem 
(UPLC-MS/MS) was optimized to determine seven benzodiazepines in human 
plasma. 
The packed sorbent (C18) was conditioned with 100 µL of methanol and 100 µL 
of ultrapure water. Three hundred microliters of plasma sample were diluted with 
200 µL of phosphate buffer pH 7, and 100 µL of the mixture were draw through 
the sorbent eight times. The analytes were eluted with 50 µL of methanol, the 
eluate was dried and re-dissolved with 50 µL water:methanol (1:1), and finally 5 
µL were injected into UPLC-MS/MS system. 
The chromatographic method was applied using XBridge® Shield RP18 column 
(100 x 2.1 mm, 1.7 μm) and a mobile phase composed of 0.1% in methanol and 
0.1% formic acid in water at a flow of 0.4 mL/min in gradient mode. A good 
separation of the seven analites was obtained in 4 min. The mass analyzer was 
operated in MRM mode. Data were acquired by the MRM mode. Two specific 
transitions were optimized for each drug, the first MRM transition was used for 
quantitation, while the second transition was used for qualitative identification. 
The method was validated for linearity, selectivity, sensitivity, precision and 
accuracy. 

 
Keywords: Benzodiazepines, MEPS, UPLC-MS/MS, plasma 
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Hydroxy-polycyclic aromatic hydrocarbon derivatives (OHPAHs) are considered as   
urinary biomarkers of high level exposure to several PAHs. The hydroxylated PHAs 
metabolites more representative as biomarkers are: 1-hydroxy-, 2-hydroxy-, 
3-hydroxy-, 4-hydroxy- and 9-hydroxyphenantrene, 3-hydroxybenzo [a] pyrene, 
2-hydroxyfluorene, and 1-hydroxypyrene. In this paper, the most relevant analytical 
characteristics of the mentioned biomarkers were established as previous step to 
optimize an HPLC method using fast scanning fluorimetric detector (HPLC-FSFD). 
Gradient elution mode using acetonitrile/water mixtures as mobile phase and a C18 
column (100x21mm, 3 µm) allow us to determine the mentioned biomarkers in only 12 
minutes with very good chromatographic parameters. In the proposed method, the 
most important OHPHAs are simultaneously determined using HPLC-FSFD in only 
one run for the first time. Each analyte is monitored at the most favorable emission 
wavelength with the aim to obtain the highest sensitivity. The detection limits of all 
analytes were comprised between 0.42- 2.6 ng mL-1. A validation set composed for six 
spiked urine samples of different volunteers were analyzed by triplicate. Recovery 
values for each one, from 90% to 120% were calculated. The proposed method is fast, 
and could be useful as an alternative way to other more expensive separation 
techniques in the control to risk exposure to PAHs. 
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The use of liquid chromatography coupled with mass spectrometry (LC-MS/MS) has become a routine 
method of analysis in therapeutic drug monitoring and clinical toxicology labs.  LC-MS/MS provides 
sensitivity, speed, and specificity when analyzing drugs in complex biological matrices, such as plasma, 
serum, and urine.  Because of the similarity of many opioids and metabolites, chromatographic 
separation becomes increasingly difficult due to the number of structural isomers and the need to 
chromatographically resolve these isomers due to their identical mass spectral fragmentation 
patterns.  In this example, a method was developed for the separation of 43 opioids and metabolites 
on a Raptor™ Biphenyl column.    
During development, 3 mixtures, containing a total of 43 opioids, were diluted in water and injected 
into a Shimadzu Nexera UHPLC equipped with an AB SCIEX API 4500™ MS/MS.  Detection was 
performed using electrospray ionization in positive ion mode using scheduled multiple reaction 
monitoring (MRM).  During initial method development, multiple mobile phase combinations and 
additives were investigated.  Comparisons were made using scouting gradients to evaluate retention, 
resolution, and sensitivity. 
During the mobile phase investigation, it was found the use of a neutral pH mobile phase resulted in 
peak tailing.   It was also noticed that when a buffered, acidic mobile phase was used, there was a 
distinct decrease in sensitivity for buprenorphine and norbuprenorphine.  The use of methanol as 
the organic mobile phase had the benefit of retaining early eluting compounds, at the sacrifice of the 
resolution of noroxycodone and dihydrocodeine. 
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In an effort to deter terrorism, The International Civil Aviation Organization 
Montreal Convention of 1991 mandated that complying nations ensure that all plastic 
explosives manufactured within their borders include volatile chemical markers, or 
“taggants”, to help improve explosives detection: Ethylene glycol dinitrate (EGDN), 2,3-
Dimethyl 2,3-Dinitrobutane (DMNB), para-Mononitrololuene (p-MNT). 

One of the major trends in recent advancement of mass spectrometry detectors 
with atmospheric pressure ion source is their miniaturization. In this connection, there 
has been a growing interest in this method for wider implementation in the detection of 
explosives and taggants. However, to the present moment no deliberate research has 
been carried out regarding the aspects of taggants’ ion formation during atmospheric 
pressure chemical ionization. 

While pursuing the miniaturization of the mass spectrometer, the authors have 
been developing a concept of a positive ion atmospheric pressure chemical ionization 
source with reduced gas load [1]. The objective was to study the ionization aspects of 
DMNB, EGDN, and p-MNT taggants in given conditions. The article examines the 
composition of ions produced, the dependence of ion yield on carrier gas humidity and 
ion source temperature, and collision-induced dissociation pathways of ions. 
Particularly emphasized is the role of NO+ and NO2+ ion-reagents which are generated 
in air at low humidity. 
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The proliferation of counterfeit and poor-quality drugs is a major public health problem, 
especially in developing countries lacking adequate resources to effectively monitor 
their prevalence. Industrialized countries are, for the moment, more affected by the 
phenomenon of adulteration of dietary supplements and herbal drugs with 
pharmaceutical compounds. Counterfeit medicines and adulterated dietary 
supplements, in addition to the serious health risk they pose to populations, constitute 
a major challenge for analytical laboratories to detect and characterize them.  
 
Counterfeit antimalarial, impotence and abortive medicines were analysed using 
high-field NMR demonstrating the ability of the technique for detecting poor quality 
drugs and unexpected active pharmaceutical ingredients. The structure of these 
actives were determined using NMR and Mass Spectrometry. We also evaluated the 
potential of a benchtop cryogen-free 60 MHz 1H NMR spectrometer for uncovering 
counterfeit antimalarial and impotence medicines by comparison with high-field NMR. 
We showed that after a very simple and rapid sample preparation, around 20 minutes 
were sufficient to highlight poor quality drugs. We also demonstrated that the absolute 
quantification by the internal standard method could be done on the low-field NMR 
spectrometer leading to results similar to those obtained with high-field NMR. 
Considering the cost and space efficiency of these spectrometers, their introduction in 
quality control laboratories has to be considered especially in the field of counterfeit 
drug detection. 
 
Keywords: Quality control, NMR, Low Field NMR, counterfeit medicines  
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Plasticizers are commonly used in manufactured polyvinyl chloride medical devices. 
Seven plasticizers are mainly employed: ATBC, DEHP, DEHA, DEHT, DINP, DINCH 
and TOTM. A previous HPLC-UV method allowed to identify and quantify five of them 
in a run of 13 minutes, at 221 nm, with a gradient elution made of water and 
acetonitrile in an octadecyl column (Radaniel et al., J.Chromatogr.B, 2014). DEHA 
was not identified in this method because it was systematically co-eluted with DEHP 
whatever the gradient conditions. The aim of our study was to identify and quantify 
DEHA with the use of the first UV spectrum derivative.  
The UV spectrum derivative was possible thanks to a photodiode array detection and 
a specific module (i-PDeA™) of the Labsolution software (Shimadzu®). The 
quantification of DEHA was performed at the wavelength at which the derivative 
spectrum of DEHP became zeroing and vice-versa for DEHP.  
DEHA was detected at 223 nm whereas DEHP at 208 nm. This method was validated 
using guidelines proposed by the French Society of Pharmaceutical Sciences and 
Techniques (Hubert et al., J.Pharm.Biomed.Anal., 2007). The accuracy profile was 
computed at a risk of 5% with acceptance limits of 15%. DEHP was validated from 
0.6 to 30 µg/mL and DEHA from 100 to 700 µg/mL.  
The use of this technique permitted to detect and quantify separately two co-eluted 
plasticizers. The accuracy profiles were not modified by the use of the first derivative 
spectrum. So, our analytical method now allows identifying and quantifying six 
plasticizers.  
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The UHPLC method for determination of tetracaine hydrochloride and its degradation 
products - p-aminobenzoic acid and p-n-butylaminobenzoic acid was developed. 
Separation was achieved using Kinetex 5 µ XB- C18 100A column (150 x 4.6 mm) and 
the mobile phase containing acetonitrile and phosphoric acid (pH=2.2), at a flow rate 
of 1.7 ml/min. Gradient elution was optimized, which began at 35 % of acetonitrile, in 
the second minute rised to 95 % of organic part, and then descended to 35 % of 
acetonitrile in the fourth minute. The total time of analysis was less than 2.4 minutes. 
Ethylparaben was chosen as an internal standard. The wavelengths 300 nm for 
tetracaine hydrochloride and its degradation products, and 240 nm for internal 
standard were chosen for detection. 
Following validation parameters were evaluated: system suitability test, linearity. 
robustness, and stability of tetracaine-hydrochloride solution in 72 hours at 5 ± 3°C 
and 20 ± 5°C (with and without light protection). Limits of detection and quantitation of 
degradation products were evaluated. The method will be applied for stability testing 
of Tetracaine hydrochoride eye drops (content 2 % of tetracaine hydrochloride). 

 
Keywords: UHPLC, Tetracaine hydrochloride, degradation products, fused core column 
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A simple, rapid, specific, precise and accurate LC/DAD method for quantification of 

topiramate in human serum was developed and validated. The method includes a 

liquid-liquid extraction of the analyte from the both matrix using a dichloromethane as 

extraction solvent. Dabsil was used as derivatization compound. 

In the developed method, chromatography was performed using acetonitrile: acetate 

buffer (60:40, v/v) as mobile phase, with a flow of 1 mL/min, and Purosphere ® C10 

column (5uµ). Detection was done at 254 nm. The regression data for the calibration 

plots showed good linear relationship (r=0.999), in the range of 2.0 and 40.0ug/mL, 

(therapeutic range concentration in human serum: 5.0-20.0 ug/mL). LOD and LOQ 

were 0.5ug/mL and 1.0 ug/mL, respectively.  The % RSD of intra-assay and 

inter-assay precision, were in the range of 0.98% to 2.97% (n=3) and 1.06% to 3.54% 

(n=9), respectively, and accuracy values were between 94.72% and 98.96% (RSD 

≤4.25).  Recovery from the matrix was between 93.85% and 96.55%. The method 

was selective for the analyte. Patient serum samples and umbilical cord blood 

samples were analyzed by this method successfully. Therefore, this LC/DAD method 

is suitable for quantitative determination of topiramate in these biological fluids. 

 
Keywords: Keywords: topiramate, quantitative determination, human serum, HPLC/DAD 
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Hepatitis A virus (HAV) causes an acute hepatitis associated with a significant 

morbidity and occasional mortality. Outbreaks of waterborne diseases are certainly 
underestimated due to the lack of adequate programs for the epidemiological 
surveillance. Current legislation for water, shellfish (EC 2073/2005 EC B53/2004) and 
plant (EC 2073/2005) does not provide for any limitation due to the presence of HAV 
and other enteric viruses in the irrigation and housing waters. In addition, there is no 
official method for the detection of these viruses. The diagnosis is based on the 
patient's symptoms and more specifically through the search for anti-HAV IgM and/or 
anti-HAV IgG antibodies in blood. 
Immunoanalytical approaches are reported as methods to determine HAV in drinking 
water before its use, thus avoiding the infectious disease. 
In this work, two electrochemical, competitive and sandwich, Enzyme Linked 
ImmunoMagnEtic assays (ELIME) are showed. These systems are based on the use 
of new polydopamine-modified magnetic nanobeads as solid support for the 
immunochemical chain, and screen printed electrodes as a sensing platform. This 
rapid and low-cost analysis method involves the use of a portable instrument, able to 
perform measurements directly in the field. 

These ELIME assays showed detection limits equal to 1·10-8 IU/mL and 8 10-7 
IU/mL for sandwich and competitive formats, respectively. The proposed systems 
were applied to drinking water. Results obtained on real samples were compared with 
those obtained by the qRT-PCR analysis that is a routine technique used to evaluate 
the HAV contamination levels in samples. 

 

 
Keywords: nanobeads, screen printed electrodes, hepatitis A, qRT-PCR 
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Fluconazole (FLZ) and Ciclopirox Olamine (CPX) are antifungals drug and treatments 
of first choice used in the systemic and superficial mycoses, respectively due to its high 
efficacy and low relation cost-effectiveness. For this reason, it is necessary to provide 
alternative analytical methods for their determination; this study shows the individual 
determination of both drugs using oxidation reaction and kinetic spectrophotometric 
method. 
After different preliminary studies for to selection the oxidant was selected KMnO4, 
since it showed change of absorbance at 610 nm produced for the reaction with FLZ 
and CPX, respectively.  It was found and optimized the factors that influence the 
reaction for both drugs: time of 30 min, concentration of KMnO4 8x10-4 M, pH=13.2 and 
concentration of Na2SO4 0.6 M. It was determined the stoichiometry between KMnO4 
and the drugs, finding a molar ratio 1:1 and 1:2 for FLZ:KMnO4 and CPX:KMnO4, 
respectively; with this was possible to get the rate law of pseudo-first order 
v=0.290[FLZ]0.833 and v=5.34[CPX]0.704. 
It was studied different kinetic methods; nevertheless the fixed time method at 30 min 
was selected, because proved to be more applicable. The range of concentration for 
FLZ and CPX were 6.13-30.6 and 0.27-3.49 µg/mL, respectively. The detection and 
quantification limits for FLZ and CPX were 1.04 to 3.16 and 0.27 to 3.29 µg/mL, 
respectively. The results were validated statistically and checked through recovery 
studies with satisfactory results. 
Currently are optimizing the different factors for the development of the method of 
extraction of CPX and FLZ in pharmaceutical formulations and biological fluids. 

 
Keywords: kinetic-spectrophotometric, Fixed-time method, Fluconazole, Ciclopirox Olamine 
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The resolution and quantitativeness of matrix-assisted-laser-desorption-ionization 
mass spectrometry (MALDI-ms) suffers from heterogeneous deposition of sample and 
matrix on the target plate during solvent evaporation. Following up on our earlier work 
on the suppression of coffee stains [1], we demonstrate here that this bottleneck can 
be overcome by applying electrowetting throughout the drying process. The resulting 
decrease in area of dried sample and improved homogeneity lead to enhancement of 
MS signal and decrease of signal to noise ratio without affecting the chemical integrity 
of the sample. We show that the introduction of this ‘eMALDI’ – technology as an 
alternative to conventional drying can improve the performance of MALDI-MS by 
increasing the signal intensity up to 30 times, improving signal-to-noise ratio up to 
30%. The technology was tested for individual low molecular weight drugs (penicillin, 
aspirin, ibuprofen, etc.), their binary and tertiary mixtures. The more uniform 
distribution of examined dry sample residue over smaller area allows to decrease the 
time for analysis and opens opportunities for further automation in high throughput 
MALDI MS techniques. As the eMALDI procedure is simply part of the sample 
preparation step, its introduction into MALDI MS protocols provides faster, more 
reliable and fault free MALDI MS analysis without need for further modifications of 
existing MALDI-MS equipment.  
 
References: 
1. H. B. Eral, D. M. Augustine, M. H. G. Duits, F. Mugele, Soft Matter, 2011, 7, 
4954-4958 
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New derivatives of cyclopentenediones represent a complex group of compounds 
exhibiting a wide scale of intriguing properties ranging from formation of functional 
polymers with permselective properties to significant antimicrobial activity suggesting 
their potential use in synthesis of structurally novel drugs.  
For that purpose, a detailed characterization of these compounds was performed. So 
far, a total number of 32 newly synthesized compounds was studied by means of 
ultra-performance liquid chromatography – tandem mass spectrometry. 
Cyclopentenediones are effectively ionized by positive/negative atmospheric 
pressure photoionization (APPI) and atmospheric pressure chemical ionization 
(APCI). After careful optimization of a dopant flow and composition, the positive mode 
APPI proved to be more sensitive than APCI. In the negative mode, both ionization 
techniques provided similar results. Further, a detailed fragmentation study was 
performed, confirming the structure of the compounds and allowing to differentiate 
isomers in the mass spectrometer on the basis of their collision spectra. Finally, 
detailed optimization of the mobile phase composition was done followed by a 
selection of the most suitable stationary phase which provided quick and efficient 
separation and detection of all studied compounds. 

 
Keywords: cyclopentenediones, mass spectrometry, APPI, APCI, ultra-performance liquid 
chromatography 
 
 
Acknowledgements: Ministry of Education, Youth and Sports of the Czech Republic, project 
LO1305. 

P319

501 sur 745



 
 

AMPEROMETRIC MAGNETOIMMUNOASSAY FOR THE DETERMINATION OF 
LIPOPROTEIN(a) 

 
María Pedrero1, Ceren Kaçar2, Rebeca M. Torrente-Rodríguez1, Susana Campuzano1, and 
José M. Pingarrón1 
 
1 Departamento de Química Analítica, Facultad de CC. Químicas, Universidad Complutense de Madrid, 
E-28040 Madrid, Spain.  
2 Ankara University, Faculty of Science, Department of Chemistry, 06100-Tandoğan, Ankara, Turkey.  

 
A highly sensitive amperometric magnetoimmunoassay for rapid determination of 
lipoprotein(a) (Lp(a)), an important predictor of cardiovascular disease risk, in human 
serum, is described. It uses a sandwich configuration involving selective capture 
(antiLp(a)) and biotinylated detector (biotin-antiLp(a)) antibodies and a 
streptavidin-HRP conjugate (Strep-HRP) onto carboxylic acid-modified magnetic 
beads (HOOC-MBs). The resulting MBs bearing the sandwiched immunoconjugates 
are captured by a magnet placed under the working carbon electrode surface of a 
disposable screen-printed electrodic system (SPCE), and the extent of the affinity 
reaction is monitored amperometrically at -0.20 V (vs a Ag pseudo-reference 
electrode) in the presence of hydroquinone (HQ) as electron transfer mediator and 
H2O2 as the enzyme substrate. The developed method exhibited a wide linear 
response range (from 0.01 to 0.5 µg mL-1), a detection limit of 4 ng mL-1 well below the 
minimum cut-off value (300 mg L-1) to predict the probability of cardiovascular risk, 
together with an excellent selectivity over other serum components. The utility of the 
magnetoimmunoassay was demonstrated by analyzing a reference serum containing 
a certified quantity of Lp(a) using a simplified and shortened method where only a 
single 15 min incubation step including the antigen, detector antibody and enzymatic 
label is performed. The performance of this magnetoimmunoassay compares 
favorably to that of an integrated amperometric immunoassay described earlier. The 
results presented in this work could serve as an important basis for the 
implementation of convenient POC devices for clinical diagnosis and prognosis 
through on-site determination of this biomarker, also considered a sensitive indicator 
for atherosclerosis.  

 
Keywords: Lp(a); magnetic beads; screen-printed electrode; amperometric immunoassay; 
human serum. 
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Hexabromocyclododecane (HBCD) and decabromodiphenylether (PBDE-209) are 
part of brominated flame retardants (BFRs) widely used these past decades in textiles, 
plastics, electric or electronic equipments, etc, to prevent or reduce the ignition and 
rate of combustion. Due to their persistence and bioaccumulation, several BFRs 
including HBCD and PBDE-209 were recently added to the list of the Persistent 
Organic Pollutants (POPs) or submitted as a new candidate, inducing the ban of their 
production and uses. These BFRs can leach out of the material during use or disposal, 
and therefore can reach all the compartments of the environment as well as the food 
chain. These chemicals used to be detected in the serum of the general population at 
the ppb level resulting in a challenge for the analytical chemists. The determination of 
such lipophilic compounds usually required multistep Liquid-Liquid Extraction (LLE) or 
Solid Phase Extraction (SPE), and additional purification steps using neutral and/or 
acidic silicagel to remove lipid interferences. The present strategy consists on a single 
extraction step using Solid supported Liquid Extraction (SLE) prior to analysis on a 
gas chromatograph coupled to a mass spectrometer (GC/MS) in negative chemical 
ionization mode (NCI). This fast extraction procedure combined the ease of use of 
SPE, the simplicity of LLE, and the efficiency of the chromatography to remove lipid 
interferences. Therefore, further purification steps which used to be labor and time 
consuming are no longer necessary. Very clean extracts and good recovery rates 
were obtained. This user-friendly method could be easily used in routine laboratories. 
 

 
Keywords: Hexabromocyclododecane, PBDE-209, serum, analysis 
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Occupational exposure to active pharmaceutical ingredients (APIs) can cause 
unintended health effects in workers from drug manufacturing industries. Since there 
are no occupational exposure limits (OEL) set by regulatory bodies, in-house OELs 
are established, dictating the level of containment required to assure workers 
respiratory safety. 
In order to assess the actual respiratory exposure, an air monitoring strategy based 
on ultra-performance liquid chromatography tandem mass-spectrometry 
(UPLC-MS/MS) was developed. This method allows the simultaneous or independent 
analysis of 20 APIs from different chemical classes: 7 azoles, 3 ketones, 2 anilides, 2 
piperidines and 6 miscellaneous. Different sampling filter types were evaluated and 
the most suitable were found to be polytetrafluoroethylene (PTFE) filters for 13 of the 
target compounds and glass fiber (GF) filters for the other 7 APIs. The optimized 
UPLC-MS/MS method was further validated by assessing linearity, limit of 
quantification, extraction recovery and analytical precision, as well as the stability of 
the compounds during simulated air sampling and storage under different conditions.  
In conclusion, an air monitoring strategy based on UPLC-MS/MS to assess airborne 
pharmaceutical compounds from different chemical classes was developed. For 
optimal recovery, two different types of filter should be considered. Nevertheless, 
since PTFE filters had overall good extraction recoveries, it can be used as a 
compromise sampling filter whenever multi-residue exposure assessment is required. 
Furthermore, the method was used in real industrial settings to assess workers 
exposure to APIs (e.g. abiraterone acetate, haloperidol decanoate) and for 
containment testing using acetaminophen as surrogate compound. 

 
Keywords: active pharmaceutical ingredients, air monitoring, UPLC-MS/MS, respiratory 
exposure 
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Calluna vulgaris (L.) Hull (heather) can be found in most parts of Europe. Traditionally, 
flower and herbal material are used to treat urinary tract disorders and as an 
antiseptic, antirheumatic and choleretic remedy. Their high content of phenolics and 
the biological activity of these compounds serves as the basis for its beneficial effect 
as a medicinal plant. The aim of this study was to investigate the content of some 
flavonoids and antioxidant capacity of  the extracts of the aerial parts of heather. 
Water, ethanol and its mixture as well as ethyl acetate were used for extraction. The 
influence of extraction temperature and ultrasonic were also studied. The highest 
content of flavonoids were found in the ethyl acetate fraction followed by ethanol. The 
lowest results, especially for the quercetin and its glycosides, were obtained when the 
ultrasound was used. Probably these compounds were degraded during ultrasonic 
extraction. Reducing capacity of the prepared extracts were screened by assays of 
cupric ion reducing antioxidant capacity (CUPRAC) and Folin-Ciocalteau method 
(so-called total phenolic content). The antiradical activity of the plant fractions was 
assessed on the basis of their scavenging effect on the stable DPPH radical. Total 
phenolic content of the samples was in range 20 – 75 mg gallic acid equivalent per g 
dry material. The strongest antioxidant capacity of the extracts, determined by 
CUPRAC method, was found in 60% ethanolic and ethyl acetate fractions.  

 
Keywords: heather, flavonoid content, antioxidant activity 
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An untargeted LC-MS lipidomics method was developed and applied to profile cells and 
mouse plasma to identify biomarkers of X-linked Adrenoleukodystrophy (X-ALD), a 
disease caused by mutations in the ABCD1 (ATP-binding cassette) gene which results 
in functional loss of the peroxisomal transporter ALDP (adrenoleukodystrophy protein).  
ALDP is essential for transport of Very Long Chain Fatty Acids (VLCFA) across the 
peroxisomal membrane for degradation.  X-ALD is characterized by the accumulation of 
VLCFAs.  Using our profiling method, we identified lipid species that incorporate these 
accumulated X-ALD VLCFAs.  All studies were carried out using a HILIC-LC-HRAMS 
profiling method.  Chromatogram alignment and peak picking was accomplished with 
Sieve software and potential biomarkers were isolated based on fold change, p-value, 
standard deviation, and trend analysis.  These biomarkers were then identified based 
on retention time and exact mass using in-house database.  We show that X-ALD 
fibroblasts have higher levels of lipid species incorporating VLCFAs compared to control 
fibroblasts. Furthermore, we were able to distinguish between samples representing 
severe CCALD (Childhood Cerebral Adrenoleukodystrophy) and mild AMN (Adult-onset 
Adrenomyeloneuropathy) forms of the disease.  Similar results were obtained from 
comparison of plasma from healthy and ABCD1 -/- mice. Additionally it was shown that 
knockdown of ABCD1 in healthy cells also results in an increase in levels of VLCFA-
lipid species.  This research has considerable implications for understanding the 
pathways involved in X-ALD. 
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Pseudomonas aeruginosa is a common Gram-negative, aerobic bacterium that can 
cause severe diseases in animals and humans. In cystic fibrosis (CF) disease, 
chronic endobronchial infection with P. aeruginosa is a serious complication. 

Antibiotherapy is used for the treatment of this associated infection, contributing to a 
better nutritional and respiratory status and a prolonged survival. Multidrug-resistant 
P. aeruginosa infection may be treated successfully by using two antibiotics with 
different mechanisms of action. Resistance to colistin is rare and its synergistic 
combination with rifampicin will most likely succeed in overcoming the resistance of 
bacterial strains.  

An in vitro pharmacokinetic-pharmacodynamic model for the study of antibacterial 
activity developed in our laboratory will be used to optimize the therapeutic regimens 
for the association of these two antibiotics.  

This can be achieved by predicting the antibiotic efficacy thanks to a very tight 
description of the time course of antibiotic concentrations in the presence of the 
bacterial strain.  

Since the simulated pharmacokinetic profiles will be those of the pharmacologically 
active free fractions, very low limits of quantification (below 0.05ppm) must be 
reached for these antibiotics in order to measure their concentrations over a long 
period of time. 

 A sensitive and rapid method of solid phase extraction of colistin f was developed, 
with extraction recoveries higher than 90%. The quantitative analysis of colistin was 
achieved by Multiple Reaction Monitoring (MRM). A limit of quantification of 0,05 
µg/mL was achieved. 

 
Key words: Colistin, MRM, SPE, Pseudomonas aeruginosa medium 
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Five different chemometric methods were developed for the simultaneous 
determination of  betamethasone dipropionate (BMD), clotrimazole (CT) and benzyl 
alcohol (BA) in their combined dosage form (Lotriderm® cream). The applied methods 
included three full spectrum based chemometric techniques; namely principal 
component regression (PCR), partial Least Squares (PLS) and artificial Neural 
Networks (ANN), while the other two methods were PLS and ANN preceeded by 
genetic algorithm procedure (GA-PLS and GA-ANN) as a wavelength selection 
procedure. A multilevel multifactor experimental design was adopted for proper 
construction of the models. A validation set  composed of 12 mixtures containing 
different ratios of the three analytes was used to eveluate the predictive power of the 
suggested models. All the proposed methods except ANN, were successfully applied 
for the analysis of  their pharmaceutical formulation (Lotriderm® cream). Results 
demonstrated the efficiency of the four methods as quantitative tool for analysis of the 
three analytes without prior separation procedures and without any interference from 
the co-formulated excipient. Additionally, the work highlighted the effect of GA on 
increasing the predictive power of PLS and ANN models.  

 
Keywords: Betamethasone dipropionate; Clotrimazole; Benzyl alcohol; PCR; PLS; ANN; GA. 
 
 
 

P326

508 sur 745



 
 
ANALYSIS OF WHOLE BLOOD WITH A TOTAL SAMPLE COMSUPTION SYSTEM 

COUPLED TO ICP-MS 

 
A. Cañabate1, C. Sanchez1, E. García2, C. Flórez2, M. Aramendia2,3 , M. Resano2 and J. L 

Todolí1 
 
1 Department of Analytical Chemistry, Nutrition and Food Science, University of Alicante, Carretera San 
Vicente del Raspeig s/n, 03690 San Vicente del Raspeig, Alicante, Spain. 
2 Department of Analytical Chemistry, University of Zaragoza, Pedro Cerbuna 12, E-50009, Zaragoza, 
Spain. 
3 Centro Universitario de la Defensa, Academia General Militar, University of Zaragoza, Carretera de 
Huesca s/n, 50090, Zaragoza, Spain 

 
Determination of essential trace elements such as manganese, magnesium, 

selenium or zinc, as well as non-essential ones such as arsenic, mercury or lead is 
important to health because of these elements interfere in biochemical reactions. The 
medium for the transport of these essential and toxic trace elements is the blood. 

  
In this work, the analysis of whole blood was carried out in Inductively Coupled 

Plasma Mass Spectrometry with a total sample consumption system. The system 
called as High Temperature Torch Integrated Sample Introduction System, h-TISIS 
consists of a micronebulizer associated to a high temperature low inner volume (10 
cm3 inner volume) spray chamber. Besides, a 50 cm3 inner volume cyclonic spray 
chamber was used as a reference system. 

  
The h-TISIS was operated in continuous sample aspiration and air-segmented 

injection mode. In both working modes, the results revealed an improvement in terms 
of sensitivity when the chamber walls temperature increased. With respect to the 
comparison between both systems, the results revealed that h-TISIS provided much 
higher ion intensities than cyclonic chamber. 

  
On the other hand, elemental concentrations were obtained by using plain water 

standards and the results reveal that matrix effects were mitigated with the h-TISIS 
system. On this subject, the obtained concentrations were much closer to the certified 
ones in the case of the h-TISIS than for the reference system. 

 
Keywords: whole blood, h-TISIS, aspiration modes, sensitivity, matrix effects. 
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Legionella can be found ubiquitary in low numbers in surface water and ground water. 
They can proliferate in artificial aquiferous water systems under special conditions like 
increased temperature and deposits of biofilm. Legionella are pathogenic bacteria and 
can cause infections after inhalation of Legionella containing bioaerosols. 
Legionellosis outbreaks have been consistently occurred word-wide during the last 
years. Mainly aerosolized Legionella pneumophila were found as source in cooling 
towers of industrial plants or evaporative cooling systems. Legionella pneumophila 
contains at least 23 monoclonal subtypes. A rapid serotyping is needed in 
environmental and diagnostic samples to identify the source of infected patients. 
Cultivation method takes 7 - 10 days for first results. Faster and multiplexed analysis 
methods are needed to improve the outbreak management. Sandwich microarray 
immunoassays are a promising method to quantify multiple monoclonal subtypes of 
Legionella pneumophila in one sample.  
A first antibody microarray is developed for the quantification of different monoclonal 
subtypes. The microarray analysis platform MCR 3 is used for automated processing 
of a flow-based chemiluminescence sandwich microarray immunoassay. The analysis 
of one sample takes 36 min. Urine samples can directly be analyzed. 18 positive and 
7 negative samples containing monoclonal subtypes of L. pneumophila were 
screened. The sensitivity in urine was comparable to standard immunoassays. 10-L 
environmental samples were preconcentrated by monolithic affinity filtration and 
centrifugal ultrafiltration. The detection limit in surface water was 1 CFU/mL. 
Monoclonal subtypes L. pneumophila were found in environmental samples like 
treated waste water or surface water. 

 
Keywords: Microarray analysis platform, sandwich microarray immunoassay, 
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The described method was developed for confirmatory determination of 
quinoxaline-2-carboxylic acid (QCA) and methyl-3-quinoxaline-2-carboxylic acid 
(MQCA), the metabolites which are the marker residues for the antibiotic growth 
promoters, carbadox and olaquindox, respectively, in swine tissue. The method also 
included determination of carcinogenic metabolite of carbadox, 
1,4–bisdesoxycarbadox (DDC). Quinoxaline-2-carboxylic acid-D4 and 
1,4–bisdesoxycarbadox-D3  were used as internal standards. The porcine samples 
were homogenized and extracted with sulfosalycilic acid solution, the analytes were 
re-extracted into ethyl acetate, then ethyl acetate was evaporated and residue 
reconstituted. The final extract was injected on reversed phase HPLC column with 45 
min run duration. The mass-spectrometer was operated in positive electrospray and 
multiple reaction monitoring mode, at least 2 transitions were registered for each 
compound. The detection limit was 0.5 μg/kg. The method was validated according to 
national guide RMG 61: the expanded uncertainty for QCA and MQCA was 40% in 
range 0.5 – 8.0 µg/kg; and 22% for DDC in range 0.5 – 8.0 µg/kg.  The developed 
method allowed reliable identification and quantification of marker and carcinogenic 
metabolites of carbadox and olaquindox, and is applicable for residue control 
purposes and research studies. 
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Early diagnosis of sepsis and bacterial infections is one of the actual problems of 
medicine. Results of the latest research show that the most perspective marker of sepsis 
is procalcitonin (PCT). The properties of PCT allow carrying out differential diagnostics of 
bacterial and non-bacterial inflammation, to estimate the severity of patient’s state as well 
as effectiveness of the treatment. The level of PCT from 0,05 to 0,5 ng/ml is usually 
interpreted as abnormal, the values 0,5 - 2 ng/ml indicate the systemic infection. PCT 
content above 2 ng/ml indicates the high possibility of infection with systemic inflammation 
resulted to sepsis. The level of PCT above 10 ng/ml is observed in patients with severe 
sepsis or septic shock. Nowadays, one of the most common methods of determination of 
diagnostically important biological active substances is immunochromatographic assay, 
also known as lateral flow immunoassay. The main advantages of this method are the 
rapidity, ease of use and visual detection of results. The express-method of PCT detection 
in human serum which is based on principle of the gradient lateral flow immunoassay with 
use of colloidal gold as label was developed. The main difference of this system from the 
traditional lateral flow immunoassay is the formation of 2 to 10 discrete parallel test bands 
on membrane by preliminary applying of solution of the specific monoclonal antibody 
against the detected compound, wherein the concentration of antibody is sequentially 
increased from band to band. The developed test-system is aimed for the semi-
quantitative immunochromatographic analysis.  

 
Keywords: procalcitonin, colloidal gold, gradient lateral flow immunoassay 
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VALIDATED HPLC - DAD AND HPLC- FLU METHODS FOR SIMULTANEOUS 

DETERMINATION OF GRANISETRON AND DOMPERIDONE IN 

PHARMACEUTICAL FORMULATIONS AND IN PLASMA 

Rasha A. Shaalan1, Rim S. Haggag1, Saeid F. Belal 1 and Mahmoud A. Agami2 

1 Pharmaceutical Analytical Chemistry Department, Faculty of Pharmacy, University of Alexandria, 
Elmessalah 21521, Alexandria, Egypt. 

2 Amriya pharmaceutical Industries, Alexandria, Egypt. 

Simple, rapid and selective HPLC methods were developed for simultaneous 
determination of Granisetron and Domperidone in pure form and in plasma. Effective 
separation was achieved on a Hypersil Gold C18 (Thermo, 4.6 × 250 mm, 5 μm) 
column with a mobile phase composed of a mixture of 75 mL 0.025 M K2HPO4 
maintained at pH 3.0 and 25 mL acetonitrile. The mobile phase was pumped 
isocratically at a flow rate of 1 mL /min, and quantification of the analytes was based 
on measuring their peak areas using two on line detectors: a DAD set at 205 nm for 
both drugs, and a fluorescence detector set at 360 nm (λEX 305 nm) and at 328 nm 
(λEX 282 nm) for granisetron and domperidone, respectively. Analytical 
performance of the proposed procedures   were statistically validated 
with respect to system suitability, linearity, ranges, precision, accuracy, specificity, 
robustness, detection, and quantification limits. 

Calibration curves were linear in the ranges of 0.1– 40 μg/mL in pure form 
using both detectors and 0.4 – 6.0 ng /mL in plasma using the fluorimetric detector 
with r >0.99997. The proposed methods proved to be selective and stability-indicating 
resolving the two analytes from forced-degradation (hydrolysis, oxidation, and 
photolysis) products. The validated methods were applied to the analysis of both 
drugs in single pharmaceutical preparations and as mixture in laboratory-prepared 
tablets. The proposed method made use of the DAD as a tool for peak identity and 
purity confirmation. Due to its high sensitivity, the validated HPLC- Flu method was 
extended to the analysis of both drugs in plasma where the investigated drugs were 
successfully resolved and quantified with recoveries not less than 84%. 

Keywords: HPLC - DAD, HPLC- FLU, Plasma, stability- indicating 
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The spectrophotometric kinetic methods are broadly used in the determination of 
drugs in several types of matrices; in these methods relate the reactions rate and the 
amplitude of the spectrophotometric signal with analyte concentration. Thermal Lens 
Spectrometry (TLS) has demonstrated to be a sensitive effective indirect 
spectrophotometric technique used in the field of applied sciences, such as 
environmental and biochemical sciences. Ciclopirox olamine (CXO) is a synthetic 
fungicide that inhibits the growth of pathogenic dermatophytes. In this work presents 
the results obtained in the preliminary studies for develop kinetic TLS method for 
determination of CXO using the oxidation reaction with KMnO4 (pH=13.2; 20°C). The 
TLS measurements were performed on a single beam assembly at 632.8nm. The 
Thermal Lens (TL) effect was generated by a He-Ne laser (20mW), ω0=19±1.4μm, 
z0=1.96mm, f =75mm and 11Hz modulation frequency. The TL signal from the 
detector over time was acquired for each sample. The studied ranges for the 
experimental variables were: 2.0x10-4-2.4x10-3molL-1 for concentration of KMnO4, 
0-60min for the reaction time (t) and 0-0.80 molL-1 for concentration of Na2SO4. The 
preliminary results were: t=30min, KMnO4 8x10-4molL-1 and Na2SO4 0.6molL-1. Under 
these conditions the following calibration curve was constructed: Y=4.83x102X + 
9.75x10-3, r=0.998. The LOD and LOQ values determined were 3.40x10-6molL-1 and 
1.13x10-5molL-1, respectively. The development of the proposed method in this work, 
allow the formation of a new and important research line in analytical chemistry in our 
country. 

 
Keywords: Thermal Lens Spectrometry, Ciclopirox olamine, Kinetic Methods. 
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Roza Starczak1, Jolanta Was-Gubala2 and Pawel Koscielniak1 
 
1 Department of Analytical Chemistry, Jagiellonian University, Krakow, Ingardena 3, 30-060, Poland 
2 Criminalistics Department, Institute of Forensic Research, Krakow, Westerplatte 9, 31-033, Poland  

 
Fragments of single fibers may constitute forensic microtrace evidence, allowing for 
the recreation of transpired events in accordance with reality. Mostly in cases of 
determining the relationship between people, there are seeking fibers transferred from 
offender’s clothing to the victim's clothing and vice versa. Total number of transferred 
fibers varies between several to several hundred, depending on the nature of the 
so-called "donor" and "recipient" fibers and many other factors. In forensic 
laboratories, examination of this kind of evidence involves detaching and separating 
fibers intertwined primarily as a result of textile surfaces being rubbed together during 
physical contact. The task of the forensic expert is to identify a fragment of a single 
fiber, and then to compare it with fibers that come from a particular, known source (e.g. 
a suspect's clothing).  
The aims of this study were to asses the applicability of Raman spectroscopy and 
microspectrophotometry (UV-Vis MSP), in the examination of the most popular textile 
fibers (polyester, cotton) dyed with mixtures of synthetic dyes. 
The results obtained indicate that the capabilities for discernment of dye mixtures are 
similar in the spectroscopic methods which were employed. It was found that Raman 
spectroscopy enables identification of primarily the major components in dye mixtures. 
MSP studies lead to the conclusion that there is limited possibilities for discriminatory 
analysis of cotton fibers dyed with a mixture of reactive dyes, where the ratio of the 
concentration of the main dye used in the dyeing process to minor dye was higher 
than 4. 

 
Keywords: microspectrophotometry, Raman spectroscopy, microtraces, forensic science 
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Single fiber does not have the individualizing attributes - the identification of this type 
of forensic traces allows to characterize their physicochemical features (colour, 
thickness, chemical composition, fluorescent properties) and classify to a specific type 
of fibers. Comparative studies of fibers consist on the combination of features of the 
evidence fiber (e.g. finding at the crime scene or coming from the victim’s garment) 
with the characteristics of fibers come from a known source (e.g. from suspect’s 
clothing). In case of not finding differences between the compared samples of fibers 
(after all the routine tests) may be assumed that the fibers are similar or compatible, 
meaning that they come or may be derived from a similar/same source. This test 
result does not entitle to categorical statement - any conclusions are formulated in 
terms of probabilities. 
The aims of the study were to asses the applicability of microspectrophotometry in 
visible and ultraviolet light (UV-Vis MSP), in the examination of wool and polyamide 
fibers dyed with the same type of dyes (acid dyes).  
The obtained results illustrated that at the same concentration of dye in dyeing 
process, acid dyes’ affinity is higher for polyamide fibres than for wool fibres. 
Additionally it was observed that while concentration of dye increased, acid dyes’ 
affinity to wool also increased and reach almost the same value like for polyamide 
fibres. It should be also mentioned that keratin absorb UV light (especially UV-B) what 
have influence on shape of UV-Vis spectra of wool fibres. 

 
Keywords: wool, polyamide, fibres, forensic 
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Illegal graffiti and other daubs in a form of inscriptions, smudges or drawing destroy 
facades of many buildings. In those cases subject of forensic examination is a very 
thin layer of paint which is well bonded with the substrate and therefore difficult to 
separate. 
The aims of this study were to asses the usefulness of three different spectroscopic 
methods (FTIR, Raman, MSP) in the identification and comparison of spray paints. It 
was checked if the different types of base (glass, plaster substrate) influenced the 
spectrum of paint and also if there were significant differences between spectra of the 
paint applied from shaken and not shaken cans. 
It was found that spray paints collected both from the glass plates and the plasters 
can be effectively identified in most cases by means IR and Raman spectroscopy 
based on the presence of specific minor and major compounds. Additionally obtained 
spectra of paint from not shaken sprays showed inhomogenity in concentration of 
pigments and other inorganic additives. The influence of the used substrates was 
observed for several samples in Raman technique. It should be noted that there were 
no meaningful differences between Raman spectra of the same paint acquired for 
sprays from the first and the second group (respectively shaken and not shaken cans). 
MSP proved to be a very useful method to differentiate colourful samples, and it was 
insensitive to differences in the type of substrate.     

 
Keywords: graffiti, spray paint, spectroscopy, forensic  
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The aim of this study was to simultaneously assay some active substances in 
multi-component pharmaceutical preparations containing acetaminophen (APAP). In 
order to achieve the objective bi-, tri- and quadri-component model mixtures were 
prepared. They comprised APAP, caffeine, acetylsalicylic acid and ascorbic acid in 
various concentrations in the range of 10-90%. The mixtures were analyzed by IR 
spectroscopy with Fourier transformation (FTIR). In FTIR spectra absorption bands 
that resulted from vibrations of specific functional groups and bonds present in 
analyzed substances were identified. The spectra of model mixtures were contrasted 
with those of standard compounds through calculation of match values. The obtained 
results did not fully confirm the applicability of match values to quantitative analysis of 
multicomponent mixtures. It was exceptionally problematic to interpret match values 
calculated for quadri-component mixtures, as they changed randomly. The discovered 
regularities in selected concentration ranges of APAP, caffeine, acetylsalicylic acid 
and ascorbic acid in bi-component mixtures indicate that standardization and 
chemometric approach should enable multivariate calibration model to be developed 
in further research. In tri-component mixtures match values underwent comparative 
changes only in a very narrow range of concentrations for only three compounds i.e. 
APAP, caffeine and ascorbic acid. The achieved results that concern acetylsalicylic 
acid eliminate the feasibility of multivariate calibration for this compound entirely on 
the basis of match values. 
 
 
Keywords: IR spectroscopy, multicomponent mixtures, match value, acetaminophen 
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An apatmer-antibody sandwich assay platform for α-1 Antitrypsin 
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In this poster, a novel sandwich assay method for α-1 antitrypsin (AAT), an 

important biomarker for Alzheimer’s disease, in conjunction with surface plasmon 
resonance (SPR) is demonstrated.[1] Our assay involves two different ligands (e.g. 
AAT specific DNA aptamer and antiAAT) possessing different epitopes toward AAT 
which allows us to configure surface sandwich complexes for AAT detection. To do so, 
a SPR gold chip was first modified with carboxylic terminated alkane thiol followed by 
the attachment of DNA aptamer using 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimdehydrochloride/N-hydroxysulfosuccinimide linker. The DNA chip was then 
exposed to various concentration of AAT followed by the exposure of a fixed 
concentration of antiAAT. The use of two ligands was to improve the selectivity of AAT 
sensing. Real time SPR was used to monitor the sequential binding events of AAT 
and antiAAT onto aptamer chip. SPR signal (refractive unit) changes as a function of 
different AAT concentration were employed to quantitatively analyze AAT 
concentrations in both buffer and serum solutions. SPR results were also compared to 
that of using a commercially available enzyme linked immunosorbent assay kits for 
AAT.[2] Further experiments were also performed to investigate the major source of 
nonspecific adsorption from serum samples by measuring SPR signal changes upon 
exposing albumin and the immunoglobulin G solutions onto AAT DNA aptamer chip. 

 
Keywords: alpha-1 antitrypsin (AAT), Alzheirmer’s disease, surface plasmon resonance 
(SPR), sandwich assay. 
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Exposure of humans to parabens is a concern due to the estrogenic activity of these 
compounds. Parabens are widely used as preservatives in some personal care 
products, foodstuffs and pharmaceuticals owing to their low cost, high water solubility 
and broad spectrum antimicrobial properties. Despite this, little is known on the 
occurrence of parabens in pharmaceutical products. In this study, a method based on 
solid-liquid or liquid-liquid extraction (SLE or LLE), and high performance liquid 
chromatography (HPLC) coupled with triple quadrupole mass spectrometry 
(QqQ-MS/MS) was developed for the determination of six most frequently used 
parabens and four paraben derivatives (methyl- and ethyl- protocatechuates, and 
mono- and di- hydroxybenzoic acids) in pharmaceuticals. A sample-purification step 
involving solid phase extraction (SPE) was optimized for the analysis of solid and 
lipid-rich pharmaceuticals. To our knowledge, this is the first comprehensive report on 
the occurrence of parabens in pharmaceuticals. The developed method was applied 
for the analysis of 128 liquid/syrup, cream, solid, prescription or over-the counter 
(OTC) drugs collected from the USA and a few other countries in Europe and Asia. 
Although majority of the drugs analyzed in the study did not contain parabens, 
concentrations as high as 2 mg/g were found in some drugs. Methyl- and propyl- 
parabens were the frequently detected compounds. 4-Hydroxybenzoic acid was the 
major metabolite found in pharmaceutical products. 

 
Keywords: Parabens; Pharmaceuticals; Liquid chromatography; Mass spectrometry; Human 
exposure 
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Laser ablation connected to mass spectrometry of inductively coupled plasma 
(LA-ICP-MS) represents sensitive method with good lateral resolution which is 
suitable for imaging of trace elements in various matrices. The presented work shows 
ability of LA-ICP-MS for imaging of Cu, Zn and Pt in tumor tissues which were treated 
by different types of Pt-based cytostatics (oxaliplatin, carboplatin and cisplatin). 
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New nanostructured nanomaterials were proposed for the design of stochastic 
sensors for the assay of different tumors’ biomarkers. The new materials proved to be 
a good choice for the construction of stochastic sensors, the proposed sensors 
showing a good reliability and good response characteristics. The advantages of 
using stochastic sensors were: utilization of the sensors made possible fast screening 
of whole blood samples with high reliability, the price of the screening test is far lower 
than the one of an ELISA method, no sample preparation of the biological fluid is 
requested, and both quantitative and qualitative analysis can be reliable perform for 
more than seven biomarkers, in the same analysis. 

 

 
Keywords: stochastic sensor, nanostructured materials, screening test, biological fluids 
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Free radical oxidation, on the one hand, ensures regular metabolism in the body, 

on the other hand, in case of oxidative stress - antioxidant/oxidant disbalance free 
radical oxidation may lead to a sequence to many deceases. Its monitoring is essential 
for selecting and applying modern therapy.  
Here we describe a potentiometric method of determining total antioxidant/oxidant 
activity (АОА/ОА) of solutions and tissue, including food, plants, nutrients, blood, blood 
fractions, sperm and skin. The source of information is the electrode potential shift 
observed when the analyzed sample is inserted into the medium containing a mediator 
system. To prove the reliability of data obtained with the method proposed RANDOX 
TAS method was used. The results obtained had shown good correlation, high self-
descriptiveness and reliability. 

Data on analysis of blood serum and sperm taken from healthy (1.2 ± 0.3 mM–
eq) and sick people have shown significant reduction of AOA and even appearance of 
OA in the cases of inflammatory syndrome (0.9 ± 0.15 mM–eq), cancer (0.6 ± 0.2 mM-
eq), infertility of different etiology is less than 0.7 mM-eq. AOA of skin ≥ 15µM-eq for 
healthy people, ≤ 9 µM-eq for sick people, risk zone is in 9-15 µM-eq. (light skin, age 17 
to 35 years). Results of plants (dry and live) as extracts and microsuspension analysis 
show the advantages of the last approach. 

The method can be used for food, cosmetics, herbs, etc. analysis and in 
diagnostics and appropriate treatment recommendations. 

 
Keywords: Antioxidant/oxidant activity, oxidative stress, potentiometry, mediator system, food, plants, 
nutrients, blood, skin 
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Sitagliptin [(2R)-1-(2,4,5-trifluorophenyl)-4-oxo-4-[3- (trifluoromethyl)-

5,6 dihydro [1,2,4]triazolo [4,3-a]pyrazin-7(8H)- yl] butan-2-amine]  is an 
antidiabetic drug, it corresponds the dipeptidyl peptidase-4 (DPP-4) inhibitor. 

Although it was developed since 2006, only few methods were reported 
in literature for its analysis. None one of these methods have reported its 
analysis on the newly developed halogenated stationary phases namely; 
pentabromobenzyl (PBr) and pentafluorophenyl (PFP) columns. 

This investigation illustrates a comparison between the separation as 
well as the mechanism(s)  involved in the separation of sitagliptine on PBr and 
PFP columns which include interactive forces such as hydrogen bonding, pi-
pi-stackking and dispersion force interaction. 

In this method, standard solutions were prepared by dissolving the 
analyte in methanol and mobile phase and so is the pharmaceutical tablet 
formulation. The HPLC conditions used were: a mobile phase composed of 
phosphate buffer (pH‐3.5): ACN  ( 60:40v/v) , the flow rate was 1 ml/min , the 
detection wavelength was 260 nm. 

 The pKa of sitagliptin was calculated using ACD/Labs software® was 
7.19. The results showed difference in analysis time and solvent consumption 
between the 2 columns used in this study.  

  Furthermore, this study led to better understanding of the mechanism 
of action involved in these newly developed halogenated stationary phase 
regarding the studied analyte and mobile phase/column parameters.  

 

Keywords: Halogenated stationary phase, Pentabromobenzyl stationary phase, 
sitagliptin, mechanism of separation. 
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Current anti-doping analytical methods are tailored mainly to the identification of 
known drugs. This causes difficulties in rapidly reacting to emerging threats such as 
designer drugs, biological therapeutic agents and technologies. Biomarkers are 
considered as a promising approach for the fight against these threats to sport. The 
main purpose of this study was to find surrogate biomarkers induced by the intake of 
small amounts of the model compound salbutamol and explore a sensitive analytical 
approach to help screen for possible drug misuse. In our study, urine samples (91) 
from athletes with detectable salbutamol (30, which were still under the official 
reporting limit) and negative samples (61) were analysed using a UHPLC 
Q-ExactiveTM Orbitrap MS in polarity switching mode. A total of 7,000 metabolic 
features were obtained after XCMS in R. Orthogonal Partial Least Squares - 
Discriminant Analysis (OPLS-DA) revealed a feature, identified as hypoxanthine, 
which was increased with salbutamol. The Receiver Operating Characteristic (ROC) 
curve of hypoxanthine returned an AUC of 0.79. Univariate analysis showed that 
hypoxanthine concentration was significantly greater (p <0.001, Mann-Whitney U test) 
in the salbutamol detectable group and correlated to salbutamol (r =0.415, p<0.01, 
Spearman’s correlation). These results showed hypoxanthine could be a potential 
surrogate marker of salbutamol misuse. Hypoxanthine is an end product of purine 
metabolism which reflects ATP consumption, indicating that salbutamol might affect 
purine metabolism in “under the limit” samples. This approach should be applied to a 
larger cohort of doping substances in controlled longitudinal experiments.  
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N,N-dimethyl-2-phenylpropan-1-amine (NN-DMPPA) is a new designer stimulant in 
sport. It is an analogue of amphetamine and can be attached to the phenethylamines 
in the Chemicals and Drugs Classification. Although the stimulating effect of 
NN-DMPPA on the human organism is not known, it can be expressed as ‘a designer 
stimulant’ on the basis of its similarity in the structure to other stimulants on the List of 
Prohibited Substances and Methods (established by the Word Anti-Doping Agency, 
WADA). 
NN-DMPPA was indicated as a new designer agent by the WADA-accredited 
anti-doping laboratory in Warsaw (the Department of Anti-Doping Research, Institute 
of Sport in Poland) during the routine anti-doping control in 2013 and 2014 four times. 
Moreover, the researches carried out by this laboratory pointed out the presence 
of NN-DMPPA in some nutritional supplement with the lack of labelling of this 
substance. 
In the present work the determination of NN-DMPPA in urine by the GC-MS system 
has been applied to the excretion study following single oral supplement dose. The 
method has been validated and acceptable validation parameters have been received 
(e.g. RSD below 1.6 %, LOQ of 6.5 ng·mL-1 and the uncertainty of NN-DMPPA 
determination of 7.1 % for 1000 ng·mL-1, 95 % confidence coefficient, n = 4). In the 
excretion study one ‘NOXPUMP’ supplement with NN-DMPPA was ingested by three 
volunteers. Following administration of this supplement the excretion parameters as 
the maximum concentration of NN-DMPPA in urine and the time for the maximum 
height of the excretion peak have been indicated. 

 
Keywords: designer stimulant, GC-MS, excretion study, supplement 
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The toxicological evaluation of chemical substances such as mercury, require 

relatively long studies. Recent challenges have demanded development of new 

techniques that enable better understanding of toxicological mechanisms, for instance, 

studies related to functional and structural characterization of proteins. Thus, this 

study aimed to identify metalloproteins that, in the presence of mercury, lose their 

metal ions and bind to mercury in breast milk samples collected from the riverine 

population of the Madeira River a tributary of the Amazon River. The study included 9 

participants, between 20 and 70 days of lactation. Initially, total mercury was 

determined in the hair of lactating women to identify individuals who were 

contaminated, followed by proteomic analysis of breast milk samples through 

uni-dimensional electrophoresis (SDS-PAGE). Total mercury concentrations in hair, 

milk samples and protein bands obtained in the fractionation of proteins by 

SDS-PAGE, were determined by graphite furnace atomic absorption spectrometry 

(GFAAS) after acid mineralization. Concentrations of THg in hair samples were below 

the limit recommended by WHO (14 µg g-1). The mercury intake by breast milk intake 

was above the tolerable limit (PTWI = 5 μg/kg pc, ou 0.71 μg/kg pc/dia total Hg) for 8 

of the 9 milk samples analyzed. The gels obtained from the fractionation of proteins by 

SDS-PAGE showed on average 333 protein bands per sample. In the 

mercury-mapping these bands was observed the presence of mercury in low 

molecular weight bands (<20.1 kDa), indicating that these proteins are more likely to 

exhibit mercury and possibly could exhibit characteristics of biomarkers. 

 
Keywords: Mercury in human milk, Metallomics study, SDS PAGE, biomarker.  
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Biodiesel production industry depends on the esterification of free fatty acids and 
short-chain alkyl alcohols. Numerous catalyses were used in the success of this 
interaction, but they did not prove proper efficiency and recyclability. In this study, a 
new β-CD functional acid sulfonic catalyst was designed, and manufactured then had 
been applied in the esterification reactions for the production of biofuels. The 
appropriate conditions of this catalyst were tested in order to achieve the ultimate 
conversion of the free fatty acids which was 94.7% at molar ratio (1:10) methanol: 
oleic acid along with better catalyst molar concentration (10 mol%) at temperature 
60◦C and 90min. The reusability and stability properties of the catalyst had been 
studied to test the possibility of applying this catalyst in industry. As a result, the 
1H-NMR and FTIR spectra had proved the applicability and effectiveness of this 
catalyst on producing biofuels. 
  

 
Keywords: recyclability, conversion ratio, renewable fuel, emulsion 
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ANTIOXIDANT ADDITIVES PERFORMANCE OF LIQUID CRYSTAL IN 
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Abstract 

In this paper two liquid crystal 2-sec-butyl-4-((4-substituted phenyl)diazenyl) 

phenyl-4-(octadecyloxy) benzoate I18a,d were prepared in which the 

substituent (X) was taken CH3O-, and -NO2. Compounds prepared were 

characterized via Elemental Analysis, IR, and 1H-NMR spectroscopy. Their 

mesophase behavior was investigated by differential scanning Calorimetry 

(DSC). They were tested as good antioxidants for local lube base oil. The 

oxidation reaction was monitored, using the change in total acid number 

(TAN), and viscosity .The data showed that compound I18a is more efficient 

than compound I18b. 

Keywords: liquid crystals, DSC, TAN , antioxidants. 
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The characterization of petroleum-based products is an area of continuing importance 
in forensic for the identification of accelerants in arsons or detection of fuel 
adulteration, and in environmental science for the identification of fuel and oil spills. 
In this study a fast non separative method based on a headspace-mass spectrometry 
electronic nose (HSMS eNose) for the characterization of different fuel mixtures is 
presented. Seven different fuels (gasoline, diesel, citronella, kerosene, ethanol and 
paraffin) were mixed at different ratios to simulate fuel based products appearing 
during fuel drills or fuel adulteration. Binary mixtures for all fuels were used.  
The working conditions for the headspace generation were 145 °C and 10 minutes. 
MS data (45–200 m/z) combined with chemometric tools such as hierarchical cluster 
analysis (HCA), and linear discriminant analysis (LDA) allowed a good discrimination 
of the different fuel mixtures samples, i.e. the HS-MS based method allowed for the 
determination of the main component in the mixtures 
Furthermore, it was obtained a regression model for the quantification of the 
percentage of each mixture. Using specific m/z values, the new method allowed for 
the quantification of the minor component in the mixture. 

 
Keywords: Fuel mixtures; HS-MS eNose; Forensic Sciences; Chemometrics. 
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Surface Enhanced Raman Scattering (SERS) spectroscopy is a promising diagnostic 
tool because of its ultrasensitivity (as it provides label-free detection of molecules at 
very low concentrations) and specificity (as it allows identifying molecules by their 
vibrational fingerprint). However, problems with obtaining repeatable intensity of 
SERS-signal and overcoming extremely high values of S/N ratio in analysis of 
samples with complex matrices remain unsolved. One of the most baffling matrices is 
a diesel fuel. This report suggests a novel approach to SERS sample and surface 
pretreatment to obtain required repeatability and sensitivity of SERS-analysis by 
either surface or sample matrix modification with -acceptor. Our approach 
encompassing surface modification succeed in getting highly repeatable SERS-signal 
for polycyclic aromatic sulfur heterocyclic compounds (PASHs) which were absolutely 
‘invisible’ previously. So, these molecules were ‘visualized’ by trapping into colored 
charge transfer complexes with the electron acceptors resulting in appearance of 
SERS-signal with a simple sample preparation step. Moreover, our novel strategy of 
sample pretreatment with -acceptor prior to SERS-analysis affords to minimize the 
S/N ratio by the separation of PASHs due to precipitation of other polyaromatic 
hydrocarbon components of fuel. The main feature of this stage consists in selection 
of appropriate -acceptor, e.g. 2,3-dichloro-5,6-dicyano-1,4-benzoquinone or 
7,7,8,8-tetraquinodimethane for various PASHs as -donors. A significant contribution 
to the analysis is made by the way of performance of statistics calculations after 
analysis. Suggested approach was also used in the analysis of real diesel fuel. The 
work was supported by the Russian Science Foundation (grant no. 14-13-00871). 

 
Keywords: Quantitative SERS, charge transfer complexes, sample and surface pretreatment, 
polyaromatic hydrocarbon components of fuel 
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This paper presents results of research on the isolation of fractions of petroleum origin 
as stationary phases for gas chromatography. First results revealed a great potential of 
obtained phases based on its selectivity and temperature durability. The separation 
properties were studied using a packed gas chromatographic columns. The paper 
compares the reproducibility of retention characteristics of phases produced from 
different batches of the same primary material as well as their chromatographic 
properties dependent on the way of its preparation. We compared the selectivity of the 
phases isolated using several different methodologies based on different materials for 
over 70 volatile organic compounds. Retention indices were compared for the 
analyzed standards of studied stationary phases with the retention indices obtained for 
commercial stationary phases. A McReynolds'a constants obtained for studied phases 
characterize them as mid-polarity phases exhibiting a high selectivity in respect to 
volatile nitrogen-containing compounds.  

 
Keywords: stationary phases, gas chromatography, packed columns, bitumen  
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A distillation curve alternatively named as boiling point distribution (BPD) is an 
important parameter of petroleum fractions and products. On the basis of BPD a 
number of optimizations can be performed for conditions of the atmospheric or 
vacuum distillation [1]. 
The BPD can be determined by classic distillation or alternatively by simulated 
distillation (SIMDIS) using GC. SIMDIS is a method well-mastered for light petroleum 
products. Determination of the final boiling point (FBP), which is a very important 
parameter, is difficult when the temperature of chromatographic separation in GC is 
up to 450°C. This paper presents a comparison of SIMDIS methods and new 
developments in this field including an Empty Column Gas Chromatography (EC-GC) 
[2-3] and Size Exclusion Chromatography with Refractive Index Detector (SEC-RID) 
[4]. EC-GC conditions are based on empty deactivated fused silica column which 
better “simulate” the distillation process. SEC-RID is an interesting alternative to GC, 
where size exclusion conditions are used to separate hydrocarbons according to their 
molecular mass and correlate the retention data with their boiling point. 
 
 
References 
[1] M. Momotko, G. Boczkaj, Przem. Chem. 2015. DOI:10.15199/62.2015.4.19 
[2] G. Boczkaj, A. Przyjazny, M. Kamiński, Anal. Bioanal. Chem. 399 (2011), 3253-60.  
[3] G. Boczkaj, M. Kamiński, Anal. Bioanal. Chem. 405 (2013), 8377-8382. 
[4] G. Boczkaj, A. Przyjazny, M. Kamiński, J. Sep. Sci. 38 (2015), 741-748 
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The aim of the present research is to find out if the difference in gasification conditions 
the concentration of tar in the produced synthesis gas. For research, the two 
Circulating Fluidised Bed gasifiers situated in eastern Latvia (Rēzekne region) were 
chosen. The gasifiers differ in the diameter of their reactors, temperature, hence the 
difference in the conditions of biomass gasification in them. Chinese tea waste was 
employed as biomass.  
Tar was sampled at the producer gas temperature reaching 250°С. In the present 
work, a solid-phase adsorption (SPA) method for determining concentration of tar 
compounds has been chosen. The sampling device consists of 500 mg of 
amino-phase sorbent and 100 mg of activated coconut charcoal. The sampling 
volume is 100 – 200 mL. 
In the gasifier with a smaller reactor diameter, the total tar concentration is bigest than 
in the gasifier with a larger reactor diameter. The resulting composition of tar contains 
Benzene, Naphthalene, Acenaphthylene, and over 27 other compounds. 
It is concluded that less total tar and lower range of volatile organic compounds such 
as Benzene were obtained in the latter case, whereas percentage of the heavy tar is 
higher. 
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In terms of nuclear spent fuel recycling, several isotopes are of interest as a part of the 
β-emitters monitoring, among them, chlorine 36. 36Cl is a β- emitter from impurity  
chlorine 35 activation contained in oxide. The chlorine 35 quantity is unknown but 
respond to fuel manufacturing specifications.  
The process retained to put irradiated oxide into solution is a dissolution in 
concentrated nitric acid with similar experimental conditions as used for the 
reprocessing of nuclear spent fuel.  
This initial matrix is complex and highly radiant. It predominantly composed of 
uranium (~200 g.L-1), plutonium (~2 g.L-1) and all the fission products from the 
disintegration of uranium (a few g.L-1). The correct content of all the chlorine isotopes 
are unknown but an estimate can be calculated based on both an evolution code 
(neutronic calculation code) and assuming that initial quantity of natural chlorine. 
Supposing that a maximal rate of natural chlorine impurity in nuclear fuel (25 ppm), 
the 36 chlorine quantity in nuclear spent fuel is around a mg.L-1 in uranium solution 
about 200 g.L-1.  
An experimental method has been developed to selectively extract chlorine contained 
in a dissolution solution of nuclear spent fuel. This method has been tested first in a 
diluted solution (uranium ~40 g.L-1) spiked with natural chlorine (as carrier) in order to 
validate the procedure and then in a non-diluted solution spiked with natural chlorine 
and chlorine 36. The ultimate analysis is performed by ionic chromatography (to 
calculate the yield) coupled with solid scintillation (to measure chlorine 36).  
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Nowadays, the interest in the development of energy sources alternative to fossil fuels 
has increased significantly. One of the most widely used biofuel is bioethanol and its 
increasing demand involves the development of new methods to ensure the quality of 
the final products. 
 
The quantification of metals and metalloids in bioethanol has several associated 
difficulties: (i) in general terms, they are present at low concentrations (ng mL-1); (ii) 
there are limited certified reference materials; (iii) commercially available bioethanol 
exists in a large variety of matrices with different water content; (iv) several sources of 
raw materials can be employed affecting the characteristics of the final product; and, 
(v) bioethanol contains around 300 different compounds depending on their origin and 
treatment. 
 
For all these reasons, it is obvious that sensitive techniques are required to carry out 
the determination of metals and metalloids in this kind of samples. On the other hand, 
it is necessary to develop analytical methods able to compensate for matrix effects 
due to the large variety of matrices found in bioethanol samples. 
 
The present work reports on the use of the so-called High-Temperature Torch 
Integrated Sample Introduction System (hTISIS) for the direct analysis of bioethanol 
samples through ICP techniques. Thirty bioethanol real samples were analyzed and 
the validation of the method was also carried out by means the recoveries obtained for 
several spiked samples. The results reveal that this device is able to remove the 
matrix effects caused by ethanol, thus making it possible to perform a universal 
calibration. 
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Nowadays, the interest in the development of energy sources alternative to fossil fuels 
has increased significantly. Bioethanol quality control involves the determination of 
metal and metalloid content. These species play a very important role because they 
may modify the efficiency of biofuel production as well as the stability of these 
products. 
 
The quantification of metals and metalloids in bioethanol has several associated 
difficulties as the very low concentrations found in bioethanol samples. On the other 
hand, the commercially available bioethanol exists in a huge variety of matrices with 
different water content. Recently, ICP-OES and ICP-MS are the most employed 
analytical techniques to determine metals and metalloids in this kind of samples. 
Nonetheless, ICP techniques shows several disadvantages as the non-spectral 
interferences caused by the ethanolic matrices. 
 
In order to mitigate the non-spectral interferences caused by ethanol in ICP 
techniques, the dilution of the samples with water or organic solvents is widely used. 
However, an obvious limitation of sample dilution is that LODs and sensitivity are 
severely degraded.  
 
At the present work, a simple pre-concentration methodology was developed to carry 
out the quantification of trace metals in bioethanol real samples through ICP-OES and 
ICP-MS. Although the proposed methodology is time consuming, it provided very 
good precision and accuracy. Thirty bioethanol real samples, with ethanol content 
from 55% to 100%, were analyzed in ICP-OES and ICP-MS and the found 
concentrations in both techniques were compared. Finally, the methodology was 
validated by means the recoveries obtained for several spiked samples. 
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Sulfur compounds in fossil fuels are oxidized to SOx species and cause various air 
pollution problems. The best-known technology for liquid fuels desulfurization ‒ 
hydrodesulfurization, cannot efficiently remove thiophenic compounds including 
dibenzothiophene (DBT) and its derivatives (e.g. 4, 6-dimethyldibenzothiophene, 
DMDBT) to meet the new environmental regulations of 0.1 mmol l-1. Usually such 
compounds are detected at this level with chromatography, which is selective and 
sensitive enough, however, it does not provide fast and robust analysis. 
Surface-Enhanced Raman Scattering (SERS) stands for an alternative to 
chromatographic methods in the investigation of chemical pollutants. High selectivity 
and sensitivity of this method is ensured by the excitation of the surface plasmon 
modes of nanostructured metallic films of silver or gold. Unfortunately, many important 
analytes such as sulfur organic compounds existing in fossil fuels demonstrate main 
absorption lines in UV region, far below the plasmonic band of ca. 400 nm for silver or 
500 nm for gold; therefore these molecules become practically “invisible” for SERS. 
This report suggests a novel approach expanding the range of important molecules 
such as DBT, DMDBT, and their oxidized derivatives with absorption peaks in UV‒ 
region becoming available for such analysis due to trapping them into charge‒transfer 
complexes immobilized onto SERS‒active Ag-nanostructures. This approach was 
used to develop a SERS-based optical biosensor for the determination of the above 
mentioned markers of oil quality and was successfully applied for analysis of real 
samples of fossil fuel. The work was supported by the Russian Foundation for Basic 
Research (grants no. 14-03-01151a and 15-29-01330 ofi-m). 
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Trace concentrations of antimony in aquatic samples were determined by 
continuum source high resolution atomic absorption spectrometry (CS-HR-AAS). 
Antimony was electrochemically deposited in a porous glassy carbon electrode 
as elemental antimony then was electrochemically convered at the same 
electrode surface to antimony hydride which was transported by argon gas to the 
quartz cuvette of the spectrometer.   

The detection limit and precision of the method are below 1 ug/l and 5 %, 
respectively. The method was used for analysis of various water samples 
including surface, underground water and waste water.  

 
Keywords: antimony, AAS, electrochemical preconcentration, hydride generation 
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Plants are complex organisms which account for 99% of the biomass on Earth. They 
are the first link of the food chain, located at the interface of soil, atmosphere and 
consumer. Plants are approximately constituted of water and organic matter for 90% 
and 10% of mineral elements in variable quantities which can be associated to a 
deficiency or an excess. They absorb all the elements present in their environment. 
Several elements play an essential role (K, Ca, Mg) or are beneficial (V, Si) for vital 
specific functions. Inversely, some metals (Cd, Hg, Pb) can become rapidly toxic and 
are the subject of a constant attention. The significant role of element in plants is, 
then, an important field of research in physiology, nutrition and environment. 
However, the improvement of knowledge on the biochemical functions of these 
elements necessarily involves the use of analytical chemistry. The principles of plant 
analysis were developed at the beginning of the XIXth century (De Saussure). Since 
1915 (Lundegardh), the digestion of plant samples, followed by the determination of 
the total contents by atomic spectrometry represents the traditional way of analysis. 
In the last years, the improvement in instrumentation technology led to the 
emergence of new analytical challenges. Among the recent applications, direct 
analysis of plants, speciation, ionomics or the use of isotopic ratios measurements 
can be cited. Our goal is to show how the developments in analytical chemistry play 
an essential part in the plant science.  
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The development of analytical microdevices is a promising challenge in 

scientific field that is constantly evolving. In this area, microfluidics provides practical 
applications in the design of microsystems in which small volumes are handled. 
However, only few investigations take benefit of the coupling between microfluidics and 
electrochemistry. 
 

One of the key issues is to understand and control electrochemical phenomena 
taking place in the vicinity of electrodes located on the walls of microchannels. Actually, 
electrochemical reactions occur at an interface (2D) while the created or detected 
phenomena occur in a volume (3D) in the presence of a flow. Mass transport by 
diffusion-convection is then critical for spatially and temporally resolved generation / 
detection of species. 
 
 In that context, we will show that the electrochemical generations of modulated 
concentration gradients within microchannels can be carried out experimentally, 
according to the geometry of the device and flow velocity. Under given conditions, 
these concentrations gradients can be considered as series of microreactors in which 
species are generated sequentially. Thus, further detections operating along the 
microchannel will allow the monitoring of species concentrations within these 
microreactors during the time of flight between the generation and detection locations. 
By the same way, we will show that the content of droplets generated upstream, in 
diphasic medium, can be also electrochemically probed. These results will be reported 
with optimized conditions in order to perform high performances electrochemical 
detections under various circumstances. This approach should lead to innovative 
applications in digital microfluidics. 
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There is a great interest in estimating total phenolic contents in food samples because of 
their biological properties, namely anti-inflammatory, anti-histaminic and anti-tumor 
activities, and as free radical scavengers and protection against cardiovascular diseases. 
The standard method currently known as Folin - Ciocalteu method (FC) suffer being not 
very sensitive and also not highly selective as many other type of compounds commonly 
present in food samples may interfere with the quantitative determination of the total 
phenolic content.  
Chemiluminescence (CL) is an attractive detection method for estimating total phenolic 
content due to the high sensitivity in comparison to the FC method. High sample dilution 
is possible and this reduces the interference from other constituents of food products. 
Flow-based analytical techniques are the ideal means to reproducibly mix samples with 
CL reagents and present the reaction mixture to a photodetector at the time of the highest 
emission intensity. Microfluidics is a flow technique in which channels of sub-millimetre 
dimensions are etched on a solid substrate where mixing, reaction, detection, signal 
evaluation and quantification can be carried out [1]. 
Several microfluidics-CL methods for estimating total phenolic contents in food samples 
have been developed by our group like Ce (IV) - rhodamine 6G, Ce (IV) - rhodamine B 
and formaldehyde-potassium permanganate [2].  
In this presentation a critical comparison between these CL methods will be carried out in 
terms of sensitivity, selectivity, reagent consumption and ease of use.  
 
[1] H. A. J. Al Lawati, Luminescence, 28 (2013) 618-627   

[2] H. A. J. Al Lawati, B. Al Haddabi, F. O. Suliman, Analytical Methods, 6 (2014) 7243-7249. 
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A cellulosic paper-based microfluidic analytical device (µPAD) for determination of 
glucose has been developed. A simple synthesis of hybrid nanoflowers using a 
combination of inorganic and organic compounds, Cu3(PO4)2·3H2O and two enzymes, 
horseradish peroxidase (HRP) and glucose oxidase (GOx), respectively, is carried out 
onto a paper membrane. A colorimetric enzymatic cascade reactions1 are taking place 
in the paper when it is in contact with the glucose with a visible naked eye change. 
The H2O2 generated by the oxidation of the glucose with the GOx confined in the 
nanoflowers oxidizes the chromogenic reagent aided by the HRP, which generates a 
color change in the detection zone. The use of co-embedded enzymes in an inorganic 
structure with a flower shape increases the surface area and the functionality of 
bienzymatic system, which permits their reusability. The µPADs design consisted on a 
two layers overlapped each other. The first part if formed by two zones, one for 
sample reception and other for the detection with the chromogenic reagent 
immobilized. The second layer consists of a reaction zone where the nanoflowers are 
immobilized. A cellulosic membrane was selected as the best substrate for 
immobilizing and carrying the analyte through the microfluidic device from the 
sampling zone until the detection zone as is presented in the figure 1. We used a 
digital camera for quantitative analysis of glucose with the color coordinate S of HSV 
color space as analytical parameter.  
 

 
  

Figure 1 
 
Keywords: Nanoflowers; Enzymes; µPADs; Colorimetric detection; Glucose. 
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Explosives are substances that decompose rapidly under certain conditions with the 
production of hot gases, which expand. Nitroaromatic compounds (NAC) are a family 
of compounds that accomplish with this definition and are the most known explosive 
family. Global security concerns demand the development of rapid, simple and cheap 
detection methods of nitroaromatic explosives. We present a microfluidic 
thread-based microfluidic device that allows us the identification of different mono-, di- 
and tri-nitro derivatives. The threads that form the microfluidic device contain 
immobilized reagents that produced a unique color pattern for each compound based 

on the different chemical interactions that occurs. After 
contact with the microfluidic with sample, this is 
digitalized with a scanner or digital camera, and the 
color coordinates of the different threads are used to 
discriminate NAC by means hierarchical clustering 
analysis (HCA) and principal component analysis 
(PCA).  

This report describes a new low-cost, low-volume, easy-to-use microfluidic device for 
NAC identification using threads to transport liquid via capillary wicking and material 
for reagents immobilization and reaction. 

 
Keywords: Thread-based sensor, colorimetry, explosive determination  
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contact with the microfluidic with sample, this is 
digitalized with a scanner or digital camera, and the 
color coordinates of the different threads are used to 
discriminate NAC by means hierarchical clustering 
analysis (HCA) and principal component analysis 
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Keywords: Thread-based sensor, colorimetry, explosive determination  
 
 
Acknowledgements: This work was partially funded by the Spanish Ministerio de Economía 
y Competitividad under project CTQ2013-44545-R. 

P363

545 sur 745



 
 

STUDIES ON QUANTUM DOTS IN A LAB-ON-A-CHIP MICROFLUIDIC SYSTEM 
WITH THE USE OF ELECTROPORATION METHOD 

 
Maja Haczyk, Ilona Grabowska-Jadach, Marcin Drozd, Mariusz Pietrzak, Elżbieta 
Malinowska and Zbigniew Brzózka 
 
Department of Microbioanalytics, Faculty of Chemistry, Warsaw University of Technology, Warsaw, Poland 

 
Bioimaging may be used to labelling normal and/or cancer cells during anticancer 

drugs development. Therefore there is a need to create novel and more selective 
chemical agents with better fluorescent properties, in comparison to conventional 
organic fluorophores. Quantum dots (QDs) nanocrystals seem to be very promising. 
They are twenty times brighter and one hundred times more stable than organic 
fluorophores. Moreover QDs may also conjugated with bioactive molecules such as 
genes or drugs. That’s why, it is very important to study interactions between quantum 
dots and in vitro cell cultures.  

The aim of this study was to define the interactions between CdSe/ZnS quantum 
dots and coculture of melanoma cells (A375 cell line) with skin keratinocytes (HaCaT 
cell line). Melanoma is one of the most common skin tumor, unfortunately mostly 
diagnosed too late. Studies were conduct on coculture of two different cell lines for 
better simulation real situation in vivo. In this study we used electroporation, method 
which stimulate internalization QDs into cells. We divided coculture of cells into two 
groups – electroporated and non-electroporated. We wanted to compare what effect 
on A375 and HaCaT cells will pose QDs localized in inner and outer cell environment. 
Quantum dots synthesis is expensive, that’s why it was important for us to use small 
amount of probes. Therefore we decided to use hybrid microfluidic glass/PDMS 
system “Lab-on-a-chip”, LOC.  

In this work we will show the character of studied interactions between CdSe/ZnS 
quantum dots and coculture of A375 and HaCaT cells.  

 

 
Keywords: Quantum dots, Lab-on-a-chip, Electroporation, Cell cultures in vitro 
 
 

Acknowledgements: This work was realized with a frame of project SONATA, which is financed 
by the National Science Centre, contract No. UMO-2013/09/D/ST5/03832. 

P364

546 sur 745



 
 

STUDIES ON CYTOTOXICITY OF AURANOFIN ON A549 AND MRC-5 CELLS 
WITH MICROFLUIDIC SYSTEM USE  

 
Maja Haczyk1, Wioletta Jakubczak2,Michał Chudy1, Artur Dybko1, Katarzyna Pawlak2 

 
1 Department of Microbioanalytics, Faculty of Chemistry, Warsaw University of Technology, Noakowskiego 3, 
00-664 Poland 
2 Chair of Analytical Chemistry, Faculty of Chemistry, Warsaw University of Technology, Noakowskiego 3, 
00-664 Poland 

 
For many years, one of basic chemotherapeutic metallo-agents was cis-platin and 

its analogs. Due to the occurrence of severe side effects and drug resistance, 
extensive search for new compounds is maintained with better selectivity of action, 
fewer side effects, and the lack of drug resistance. 

Auranofin is a gold complex known as an antirheumatic agent. Last years, it’s 
cytotoxic activity was discovered for leukemia, ovarian and lately to lung cancer cells. 
Auranofin was found to influence mitochondrial mechanism of apoptosis in contrast to 
cisplatin bounding directly to guanine of DNA. Those difference in mode of action in 
comparison to commonly used in chemiotherapy cis-platin is the main reason of 
special interest in gold complexes. 

Our aim was to study the cytotoxicity effect of auranofin on A549 (human lung 
carcinoma) and MRC-5 (human lung) cell lines. We decided to choose studies in both 
macro (96-well plates, MTT test) and micro scale (Lab-on-a-chip system, PI/CAM test) 
to better simulate the situation in vivo.  

Obtained results shows morphological response of both cell lines to auranofin. 
This work will show the character of studied cytotoxicity effect.  

 
Keywords: Auranofin, Lab-on-a-chip, Cytotoxicity, Cell cultures in vitro 
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In recent years, the interest in the development of microfluidic paper-based analytical 
device (μPADs) has been remarkably increasing, because of its low cost, ease of 
manufacture, of use, and portability. The great difficulty encountered in the 
development of μPADs lies in to effectively cut the chromatographic paper. Several 
methods have been reported to create microchannels or define the device area by 
several methods. In this work, we present a new method to manufacture μPADs using 
a inexpensive home cutter printer where the paper was cut efficiently in strait channels, 
without tearing it up. The manufactured μPADs were applied in the simultaneous 
colorimetric detection of glucose, BSA, and nitrite in artificial blood serum sample. 
Furthermore, the device was subjected to a sealing process, allows secure transport 
and storage. The colorimetric test was made using a four spots μPADs (one spot for 
control), adding to each spot 0.3 µL of reagents. When dried, it was added 10 µL of 
serum containing the sample solution and after 15 min, the devices were 
photographed using a regular point-of-shot camera (Sony – DSCW710). The obtained 
images were treated and the intensity of color change was quantitated using a Corel 
Photo-Paint X7® software. The devices showed limits of detection of 0.54 mM for 
glucose, 1.26 µM to BSA and 4.35 µM to nitrite. The μPADs showed concentration 
ranges covering the values of minimum and maximums levels of analytes in serum. 
The new method to easily produce μPADs presented an excellent analytical response 
using low-cost equipment and materials. 

 
Keywords: μPADs, Clinical Essays, Point-of-care, Low cost 
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Abstract 
We determined the crystalline characteristics of the hexagonal α-alumina phase by X-ray diffraction 
at high temperatures between 293 and 2308K under dynamic vacuum.  
Our experimental values allow us to deduce an anisotropy of the ‘c’ direction compared to the ‘a’ 
direction of approximately 12% in the range of 293K - 1760K : Such an anisotropy is related to 
internal constraints in the alumina structure which may cause plastic deformation.  
There is quite a difference in the range 1760K – 2308K : no further anisotropy remains. The perfect 
isotropic expansion of the alumina cell leads us to conclude the absence of any internal constraint 
above 1760K.  
As the anisotropy which characterizes the alumina structure is a direct consequence of the fact that 
the aluminum atoms occupy two thirds of the octahedral sites in the compact hexagonal subnetwork 
formed by the oxygen atoms, we believe that the isotropy in question must surely translate an equal 
occupation for all octahedral sites so that the site contains statistically 2/3 Aluminium atom. 
 
 
Keywords 
Alumina thermal properties 
 High temperature X-ray diffraction 
 Evolution of the alumina cell lattice parameters versus temperature 
 Alumina in-situ thermal behavior study 
 Ceramics 
 Gas solid reaction 
 Thermal expansion. 
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Abstract :  

Heated tantalum pellets progressively underwent reaction under continuous pumping or 
under controlled monoxide pressure in a graphite resistance high temperature X-ray 
diffractometer up to 2300 K.  
A thermodynamic analysis showed that this brought into play the formation of Ta2O, 
Ta2O5 (low temperature modification) and Ta2C likely to be formed between 293 and 2300 
K, in accordance with a reaction mechanism which we found to take place in four stages. 
 
 
 
Keywords :  

High temperature X-ray diffraction 
 In-situ study of tantalum 
 Thermal behavior of tantalum 
 Thermal behavior of tantalum carbide 
 Ta-O-C phases diagram 
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In the current work we applied molecular modeling methods, such as molecular 
mechanics and molecular dynamics, to studying the different processes which are 
found within the langmuir films behavior. First, we demonstrated that it is possible to 
simulate the self-assembly of such films, including the monolayer of arachidonic acid 
on the water surface and bilayer of the same compound between two boxes of water. 
It was found that time of self-assembly of such structures highly depends on the 
temperature of the environment (the lower the temperature is, the slower the 
assembly time). We simulated also the self-assembly of mono- and bilayers made of 
arachidonic acid with 4-cyano-4'-octylbiphenyl as a new fatty acid. It was found that 
additional type of fatty acids inserted in the initial structure for mono- and bilayer 
assembly has slowed down length time of the aforementioned process. In addition, 
we studied processes of destruction of the films in the environment of ionized water 
and application of external electric field. Such destruction was observed on the basis 
of natural full-scale experiments before it was demonstrated using theoretical 
(computer) simulation. 
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Miniaturization is one of the major trends in modern mass spectrometry techniques. 

Remarkable progress has been made in the development of a miniature mass analyzer 
capable of working in low vacuum conditions. Equally important is the issue of 
minimization of gas load produced by the inlet system and ion source, to reduce the 
pumping speed and the size of the vacuum system. 

Atmospheric pressure ion sources are unrivaled for trace detection, however, this 
kind of apparatus is hard to miniaturize because of high gas load. Considering the ion 
interface with two pumping stages, when decreasing the inlet flow of carrier gas 
transporting ions, one should expect corresponding decrease in ion production. On the 
other hand, small inlet flow becomes preferable to combine the ion source with the 
pulse inlet system during the stage of sample repacking to carrier gas. In this case, 
sample concentration in carrier gas rises with the decrease of the flow.  

Earlier the authors succeeded to achieve ppt level sensitivity by the miniaturized 
atmospheric pressure ionization mass spectrometric detector with the inlet flow as 
small as 60 mL/min [1]. The current work represents the results of the investigation of 
atmospheric pressure ion source with corona discharge within the inlet flow range of 
5÷20 mL/min. The combining with the direct flash thermal desorption/fast GC system 
is discussed and examples of applications are demonstrated.  

References 
1) A.L. Makas et al, Journal of Chromatography B. 800 (2004) 63-67. 
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Gamma ray sterilization is applied to very different products as medical material and gear - 
including more generally pharmaceuticals and cosmetics - and wooden craft products, e.g. 
musical instruments. The purpose of irradiating wood is to improve shelf-life, destroying 
the living causes of decay: bacteria, fungi, worms and insects with their eggs and larvae. 
In general, gamma sterilization does not induce large changes in the chemical 
components of wood, or at least, no larger than other sterilization processes.  
In this work, preliminary results are shown on chemical and structural effects of a 
sterilization experimental campaign in which increasing doses of gamma rays were 
delivered to four different types of wood: fir, maple, poplar and oak. The effects were 
evaluated comparing the results obtained with cyclic voltammetry, linear square  
voltammetry, and infrared spectroscopy techniques.  
Furthermore, the surface products of wood degradation, and in particular of the 
degradation of cellulose and hemicelluloses, were investigated with a non-invasive method 
in which they were removed with gel of gellan. After that, electrochemical measurements 
were performed of glucose - one of the degradation products of polysaccharides - 
extracted by the application of the gel.  
Results  were compared to those attained from spectroscopic analysis, to reveal structural 
characteristics and possible presence of heavy metals. 
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This work concerns a comparative study of the partial acidulation (PAPRs) of 
two phosphate rocks by a mixture of phosphoric acid and sulfuric acid. These 
phosphate rocks with different chemical composition are extracted from   the 
same deposit (Djebel Onk, Algeria). This partial acidulation is performed with 
low concentration acids (10 to 40 wt %) in order to determine the % of the P2O5 
recovery for both phosphates and to know subsequently their P2O5 water 
soluble.  Experiments performed with phosphate rocks having a particle size of 
177μm (- 80 mesh) show that phosphate rock 65.38% BPL gives a% P2O5 
recovery better than the 53.75% BPL phosphate. In the second part, 
experiments show that the phosphate rock 65.38% BPL partially acidulated by 
a mixture of sulfuric acid and phosphoric acid (30%: 30% and 40% : 40%) gives 
a P2O5 water soluble up to about 16%. The PAPRs obtained by these 
phosphates can substitute for the SSP because they are economically 
profitable and probably less harmful to the environment. These PAPRs also 
contains the residual phosphates that may become bio-available to plants. 

 

Keywords: Partially acidulated, phosphate rock, chemical solubility, mixture, sulfuric 
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Safe and reliable methods for synthesising sulfur mustard by-products and their 
derivatives were evaluated. Thiodiglycol was used as the starting material and 
hydrogen peroxide (30%) was selected as the oxidising agent of choice because it is 
safer to handle and its by-products are environmentally benign. The produced 
by-products and derivatives were analysed by GC-MS and LC-MS. Some of the 
by-products were volatilised by derivatisation for GC-MS analysis.  
 

 
Figure 1: The synthesised products 

 
Keywords: sulfur mustard, derivatives, sulfoxide, sulfone 
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The nanoparticles (NPs) have gained tremendous attention in many branches of 
science and technology thanks to the unique properties arising from the nanometer 
size. The enzyme-like catalytic activity of gold nanostructures as well as facility of their 
functionalization make them interesting material in analytical tools development. 
Bioconjugates of gold nanoparticles with receptors may be used for construction of 
biosensors and biotests, in which AuNPs play the same role as typically used enzymes. 
In case of gold nanoparticles, the key aspect in maintaining high activity lies in the 
selection of proper stabilization strategy, which allows access of substrates to active 
sites on gold surface. Stabilization of gold nanoparticles with hyperbranched 
polyglycerol (HBPG) or carboxylated HBPG (cHBPG) allows for their immobilization, 
and further bioconjugation thanks to the presence of -OH and –COOH groups. 
Importantly, these polymers as stabilizers pose a negligible impact on catalytic activity. 
The aim of presented study were the studies on the influence of HBPG and cHBPG on 
morphology, physical and catalytic properties of gold nanoparticles. Horseradish 
peroxidase-like catalytic activity towards oxidation of typical anionic and cationic 
substrates by H2O2 was investigated optically. The activity parameters, calculated 
according to Michaelis-Menten kinetics, describing thermodynamics and kinetics of 
catalyst-substrate interactions in case of various types of substrates and surface 
coatings were determined. The influence of proteins revealing affinity to gold surface 
(mainly albumins) on catalytic activity was examined. Mechanism of bovine serum 
albumin interaction with AuNPs stabilized with selected ligands was also investigated 
in the framework of these studies. 
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Nanomaterials are of great interest of the scientific world, but their widespread use is 
limited by lack of knowledge regarding their toxicity and possible accumulation in 
organisms. Quantum dots (QDs) are a new class of nanomaterials, which gained 
attention thanks to their unique optical properties and potential applicability in 
bioimaging. Most publications devoted to QDs cytotoxicity describe the results of 
studies conducted on the monolayer cell culture. However, this model is not 
appropriate approximation of conditions in the tissue, because it does not reflect the 
complex interactions between cells, which can be observed when cells are grown in 
3D structure. 
In the framework of presented studies cytotoxicity of CdSeS/ZnS QDs was tested on 
various cell culture models. The study aimed at the comparison of the cytotoxicity of 
QDs on monolayer vs. 3D cell culture. The tests were performed on human A549 cell 
line. The viability of cells after 24-hours incubation with nanomaterial was evaluated 
and cells morphological changes were observed. Cytotoxicity of the tested 
nanomaterial in case of 3D cell culture was significantly lower than this determined for 
monolayer cell culture. 
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Magnetite nanoparticles are widely used in the electrochemical immunoassay due to a unique 
combination of magnetic properties and electrochemical activity. In this paper we present several 
ways of using magnetite nanoparticles as signal labels in electrochemical immunoassay: 

1. Creation of electroactive nanocomposites based on nanoparticles 
Magnetite nanoparticles surface modified with a variety of organic compounds: polypyrrole, 
polyvinylbenzylchloride with quinoline, silica oxide with ferrocene. The electrochemical signal of 
the electroactive coating was obtained, and the magnetic core used to separate the bacteria from 
unbound nanocomposite particles. 

2. Using of direct magnetite nanoparticles as electroactive label. 
Under this approach, we have developed two variants of immunoassay: determination of 

the Fe3+ response, formed after acid dissolution immunocomplex with the substrate surface, or the 
detection of the electrochemical signal directly from the magnetite nanoparticles included in the 
immunocomplex on the working electrode surface. 
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To avoid aggregation of nanoparticles (NP) during quantum dots (QD) synthesis the 
excess of stabilizers, for example surfactants, are usually add to the solution which 
molecules cover QD surface and prevent the NP contact. Typically, after completing 
the synthesis, such additives present in solution in some excess. To reduce the 
amount of unbounded surfactant molecules one can apply filtration the QD solution 
through the membrane. The amount of surfactant penetrating through the membrane 
is very small, and it is need to develop sensitive methods that allow the surfactant 
molecules presence at concentrations less than 10-6 M to control in solution. This 
method should be sensitive, simple, inexpensive, and with sufficient accuracy.   
For this purpose we propose -A isotherms generation during formation of surfactant 
monolayer on the air/water interface. It is well-known that surface tension strongly 
depends on the amount of surfactant on the water surface. This allows enough 
reliably to register the close-packed monolayer of surfactants formation on the 
surface of the water. CdSe/CdS QD solution with excess of oleic acid was select as a 
model system and the pressure isotherm of this surfactant was recorded. Presence 
of We have investigated the solutions of surfactant stabilizer obtained by filtration of 
quantum dots. The knowledge of molecular geometry of surfactant allowed us to 
determine their concentration in solution after filtration and to check the moment of 
reaching the equilibrium in the system "Solutions of quantum dots - surfactant 
solution on the other side of the membrane and complete the filtration process. 

 
Keywords: quantum dots, Langmuir monolayer, filtration 
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Desorption nanoelectrospray ionization (nanoDESI) represents a miniaturized version 
of well-known ambient ionization technique – desorption electrospray ionization 
(DESI). For both techniques, work flow typically includes none or only minimal sample 
preparation. The differences consist in dimension of a spray tip (1-3 µm in nanoDESI, 
tens µm in DESI), assistance of a nebulizing gas which is considered to be essential 
for DESI but is not used in nanoDESI.  
Experiments were carried out using a QqTOF mass spectrometer (Q-TOF Premier, 
Waters, Manchester, UK) equipped with home-made nanoDESI ion source allowing 
motorized and controlled movement of a sample. 
For the first time, nanoDESI was coupled to a high resolving power instrument and 
this setup applied in imaging mass spectrometry. The lateral resolution of nanoDESI 
has been determined using a defined sample pattern on analyzed surface. Glass 
targets were coated by rhodamine B and lines were produced on the surface by laser 
beam. The diameter of laser beam was set at 200 µm and rhodamine B lines 90 µm 
with 200 µm gaps were created.  
Model samples were scanned using speeds – 2.5 and 5 µm/s. Signal profiles clearly 
demonstrated the best lateral resolution bellow 100 µm for 2.5 µm/s. This value was 
achieved under common experimental conditions (spray liquid - 
methanol/water/formic acid 50:48:2 v/v/v) without any special requirements e.g. on 
spraying liquid. The lateral resolution is well comparable with DESI. Higher resolving 
power can improve selectivity of nanoDESI mass spectrometry not only in imaging 
experiments. 

 
Keywords: desorption nanoelectrospray, Q-TOF, lateral resolution, mass spectrometry 
imaging 
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Currently, the need to develop new methodologies that allow screening for 
compounds of interest in specific samples without the need to use sophisticated 
instrumentation and large experimental requirements is a present trend. In particular, 
the use of inexpensive portable devices open new approaches for screening methods. 
For this purpose, the simple and inexpensive fabrication of colloidal CdSe/ZnS 
quantum dots (QDs)-modified paper devices is herein reported. The obtained 
QDs-modified paper shows uniformity and high fluorescence under a conventional 
hand-held UV lamp. This fact demonstrates that the design of CdSe/ZnS QDs 
modified paper circles could be a convenient approach for glucose detection. Several 
parameters, including the concentration of QDs, pH, photostability, as well as the 
influence of hydrogen peroxide and glucose oxidase (GOx) were investigated to 
optimize the response to glucose in clinical-relevant concentration ranges. 
As result, the proposed methodology exhibited several advantages compared to 
traditional glucose detection methods in solutions. Thus, this methodology does not 
involve cumbersome procedures for the immobilization of the enzyme to the surface 
of the QDs, and it requires a very small volume of sample (only 3 µL). Although a very 
low concentration of QDs was used (7.8 pmol), the biosensing potential is very high 
because the strong and stable fluorescence emission of QDs (under a standard 
handheld UV lamp). Given these advantages, this work could open new avenues to 
use CdSe/ZnS QDs in the development of paper-based analytical devices and their 
applications in biomedical research, particularly as rapid screening methods. 
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USED RESIDUES FROM THE TANNERY INDUSTRY TO PRODUCTION OF 
ALPHA-ALUMINA DOPED CHROMIUM NANOPARTICLES  
 

Cunha, G.C(1); Romão, L.P.C(2); Macêdo, Z.S(3) 
 

The growing evolution of the coloured ceramic and the demand for better 
quality have been stimulating the ceramic industries to invest in research to 
develop new classes of pigments, with superior durability, colour reproducibility, 
involving low-cost, straightforward and eco-friendly synthesis processes. The 
present work proposes a modified sol-gel route to produce green and pink Cr-
Al2O3 nanoparticles used solids and liquid residues from the tannery industry in 
NOM-rich water. The synthesis involved preparing a solution of Al2Cl3 and 
residues in NOM-rich water. This solution was kept under stirring to form a gel 
that was then heated up to 100 ºC to eliminate water. This material was then 
homogenized and calcined. The results indicated that single phase doped alpha-
alumina was obtained for starting solutions with pH 4.0 and calcinations at 
1100°C/4h. The colorimetric analysis of the pigments was performed following 
the CIE-L*a*b* 1976 norm. The results evidenced the strong dependence of the 
pigment colour upon the dopant concentration and the pH used in the synthesis. 
For all the samples studied, the oxidation state of Cr3+ was confirmed via X-ray 
Absorption Near Edge Spectroscopy (XANES). The particle size of the samples 
was 39 ±1 nm, as determined by FEG-SEM measurements. As a conclusion, it 
can be asserted that the proposed route was efficient to produce alpha-alumina 
pigments used the residues from the tannery industry, with considerable 
advantages from the technological and environmental views. 
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Graphene, a two-dimensional carbon layer, has recently attracted significant research 
attention because of its impressive thermal, optical, electrical, and mechanical 
properties. One of the most promising routes for the production of low-cost, and easily 
up-scalable graphene-like materials is the reduction of graphite oxide, a layered 
material constituted by graphene layers functionalized with epoxy and hydroxyl 
groups which are easily exfoliated in water. The resulting reduced graphene oxide 
powder (rGO) seems to be similar in structure to the pristine graphene. rGO is 
traditionally produced from graphite oxide (GO) using Hummer’s method. Subsequent 
reduction processes afford a variety of rGOs with tunable Carbon-to-Oxygen (C/O) 
ratios depending on the reducing agent and reaction conditions. In this work, four of 
the most popular reduction methods of graphene oxide powder available in the 
literature are evaluated. rGO powder was obtained by reduction with the following 
reducing agents: (i) hydrazine; (ii) hydroiodic acid; (iii) sodium borohydride and (iv) 
ascorbic acid. Reaction conditions were optimized for selected reducing agents by 
combining chemical and solvothermal procedures. The feasibility of tested methods to 
reduce GO was assessed by analysis of the rGO powder by several analytical 
techniques such as Raman Spectroscopy, X-Ray Diffraction (XRD), X-Ray 
Photoelectron Spectroscopy (XPS) among others. 

 
Keywords: reduced graphene oxide, characterization, synthesis 
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MICROFABRICATED, SILICON DEVICES WITH NANOWELLS AND NANOGAP 
ELECTRODES: A PLATFORM FOR DIELECTRIC SPECTROSCOPY WITH 
SILANE-TUNABLE RESPONSE

Hassan Seifi Fini, Yoshinori Suganuma, Al-Amin Dhirani 

Department of Chemistry, University of Toronto, 80 St. George Street, Toronto, OntarioM5S 3H6, Canada

ABSTRACT: Combining the advantages of nanogap devices and impedance 

spectroscopy can potentially provide a platform for dielectric spectroscopy with widely 

ranging applications - from fundamental studies at the nanoscale and surfaces to label 

free and selective sensors. The present study characterizes the impedance response of 

a microfabricated, silicon-based device with a large array of nanowells surrounded by 

annular, nanogap detection regions. Device impedance is measured vs. frequency over 

5 orders in a variety of organic solvents with dielectric constants ranging over 2 orders.  

The study finds two key results.  First, an equivalent R/C circuit model is found to 

compare favorably with device impedance response over these wide ranges of 

parameters. Importantly, the model correlates with structure of the nanogap device, 

which suggests that such a structure-impedance response approach can help guide 

modeling of other devices geometries. Second, the model points to - and data confirm –

correlation between nanogap device response and dielectric constant of materials in the 

nanogaps, particularly at low frequencies.  In addition, the correlation is significantly 

modified by robust, silane functionalization of the devices due a large surface-to-volume 

ratio of the nanogaps. These results demonstrate that nanogap impedance 

spectroscopy using microfabricated/silanized silicon devices is a robust and versatile 

platform for dielectric spectroscopy of materials on the nanoscale and on surfaces. 

KEYWORDS: Nanogap electrodes, Impedance spectroscopy, Metal-oxide-silicon, Surface 
sensitivity, Capacitive response, Electrical double layer 
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Abstract  
We report simple, rapid and sensitive colorimetric based gold nanoparticles (AuNPs) as 

a colorimetric sensor for quantitative determination of cationic surfactants (CS+) in 

domestic effluent, municipal waste and surface water samples. For this purpose, citrate, 

malonate and capped AuNPs were synthesized by simple chemical method where the 

tartrate capped NPs was found better for the determination of CS+ from water samples. 

The proposed method was based on the aggregation of AuNPs through an electrostatic 

force of interactions of CS+ with tartrate capped AuNPs. The aggregation of AuNPs 

resulted in the color change from pink red to blue due to the shift in the localized surface 

plasmon resonance (LSPR) band from 530 nm to 740 nm. In the present study, CS+ such 

as a cetylpyridinium chloride was chosen as a model compound for optimization of 

analytical performance and determination of CS+ using AuNPs as a colorimetric sensor. 

The experimental conditions for the determination of CS+ were optimized and best 

experimental conditions were obtained when the pH of solution was 9.0, reaction time 

was 5 min and concentrations of AuNPs was 60 µM. The optimized methodology 

exhibited a good linear curve for the determination of CPC in the range of 10-500 ngmL-

1 and limit of detection (LOD) was 3 ngmL-1.  

Keywords: Gold Nanoparticles, Colorimetric Sensor, Cationic Surfactants, Environmental 

Samples  
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MAGNETITE CORE-SHELL NANOPARTICLES IN CHEMICAL ANALYSIS 
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Magnetic nanoparticles (MNP) due to their unique superparamagnetic behavior are 
widely used in targeted drug delivery and imagine in medicine as well as in separation 
and detection methods in analytical chemistry. MNP have had two main applications 
in chemical analysis. First, they are used as sorbents for purification, primarily 
wastewaters and biological liquids, and separation of inorganic, organic and biological 
substances mainly by magnetic solid phase extraction (MSPE) realized by applying 
an external magnetic field for separation of liquid matrix and magnetic sorbent. 
Second application is their use in sensors including biosensors. Considerably less 
MNP are used for preconcentration of inorganic, organic and biological substances 
followed by determination with appropriate spectroscopic methods. However, it should 
be noted that number of publications devoted MNP in chemical analysis far less then 
other kinds of nanoparticles (gold, quantum dots, carbon nanotubes). The most widely 
used MNP is magnetite. Original magnetite NP (d=10-30 nm) are unstable, have weak 
sorption capacity and selectivity, therefore, the magnetite surface is usually covered 
with an inorganic substances such as silica, metal or carbon as well as organic, 
polymer and bioorganic molecules. In our research we synthesized magnetite by 
co-precipitation of Fe(III) and Fe(II) aqueous solutions at a molar ratio of 2:1 and then 
used TEOS and sol-gel process in the presence of ethanol and ammonia to form the 
porous silica shell. The dynamic light scattering TEM and XRD were used for 
magnetite characterization. The results of preconcentration of antibiotics, pesticides 
and their GC-MS, fluorescent determination were presented. 

 
Keywords: Magnetite, preconcentration, antibiotics, pesticides 
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Composite membranes are expected to play an increasing role in environmental 
monitoring. Through our work, we try to address a separation recuperative method for 
lead from diluted aqueous solutions introducing closed loop technological processes. 
The use of thiocalix [4] arene as carrier in composite liquid membrane: cellulose - 
magnetic fluid in n-octanol, allows the transport, separation and concentration of Pb 2+ 
ions under a pH gradient and a concentration of 10-4 M to  10-7 M. The influence of the 
receiving phase pH on Pb2+ ion transport through the membrane containing thio-
calix[4]arene is important. The hydrodynamic tests performed allowed to establish the 
flow for the aqueous phases between 12 mL.min-1 and 15 mL.min-1. Based on the 
results obtained it have been proposed a cause and effect diagram to identify and 
analyze the uncertainty sources affecting the results recorded. The combined standard 
uncertainty was derived using spreadsheet method, while the extended uncertainty was 
obtained by applying a coverage factor 2. Lead concentration for each lead solution was 
measured twice for a set of experimental conditions (pH, flow rate). It was applied the 
linear least square fit and 95% confidence interval was considered: uc = 0.011mg/L, and 
a residual standard deviation: S = 0.0027 mg/L. In addition, it has been considered the 
parameter time as an important factor in the concentration process. For about 60 min, 
there have been recorded small changes in concentration. It could be considered a 
rectangular distribution for 0.005%/h, so utime = 0.02 x10-3 . 

Keywords: magnetic fluid, cellulose supported membrane, lead transport, uncertainty sources 
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Size, size distribution and zeta potential are essential parameters used to 
characterize nanoparticles. Dynamic Light Scattering (DLS) and Electrophoretic Light 
Scattering (ELS) are used to characterize these parameters respectively. These 
techniques are well implanted in laboratories with marketed measurement 
instruments. Harmonization and validation of protocols for DLS size measurement 
and ELS zeta potential measurement were proposed in a previous work. Investigation 
about analytical transfer involving transfer validated procedure from our sending 
laboratory to receiving laboratories was carried out to prove the ability of each 
receiving laboratory to successfully perform the procedure and that all laboratories are 
providing with equivalent results. Transfer is a key parameter of the lifecycle of 
analytical procedures. However, no official document reports experimental strategy to 
perform transfer of methods including DLS and ELS. Based on the Code of Federal 
Regulations edited by the FDA [1] re-validation was performed by the first receiving 
laboratory due to change of the wavelength of the Laser that equipped the instrument. 
Comparative studies were achieved for the other receiving laboratories where sending 
and receiving laboratories were equipped with the same apparatus.  
Acknowledgements: This work was supported by BpI France (Project NICE). We 
thank Nanobiotix for participating in this work. 
[1] 21CFR §211.165, Code of Federal Regulations, U.S. Food and Administration. 
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Size and size distribution of nanomaterials used in nanomedicine are key parameters 
influencing their in vivo behaviour. Several methods may be applied to evaluate size 
characteristics of a dispersion of colloids including methods based on dynamic light 
scattering (DLS) described in the standard ISO 22412:2008(E). It is recognized by 
health agencies (Food and Drug Administration, FDA) and European Medicines 
Agency, EMA). It is well established and implanted in both research and industrial 
laboratories. Validation of protocol to achieve size measurements by DLS was 
proposed by investigating its robustness, precision and trueness using appropriate 
reference materials with assigned SI traceable values. Investigation was carried out to 
evaluate expanded uncertainties over a wide range of size. It included standard 
dispersions of 60, 100, 200 and 400 nm. Data were interpreted using analysis of 
variance ANOVA. The developed protocol was found robust, accurate and consistent 
with the standard ISO 22412:2008(E). The expanded uncertainties were 7.2, 4.3, 3.9 
and 3.6 % for standard dispersions of 60, 100, 200 and 400 nm respectively. Below 
100 nm, uncertainty of trueness dominated the expanded uncertainty for size 
measurements. Beyond 100 nm, any uncertainty dominated the expanded uncertainty. 
The protocol was suitable to measure size of various nanomaterials including polymer 
nanoparticles, silica nanoparticles, inorganic nanoparticles and liposomes with 
different compositions. 

 
Keywords: Nanoparticles, Size measurement, Expanded uncertainty, Range of size 
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Transport of ions within polymeric membranes/microspheres is vitally important for 
sensor analytical performance1. Slow diffusion of an analyte within the polymeric matrix 
in some cases limits the chemical recognition/ fluorimteric signal generation only to the 
surface outmost layer. This can have profound effect on the performance of the sensor. 
For optical sensors this leads to substantial change in the responses pattern of 
fluorimetric responses of polymeric microspheres2. Thus to extend the linear range of 
responses of these model type sensors, a method to limit the thickness of the reaction 
zone, i.e. to engineer the architecture of the microspheres or nanospheres is required.  
 
The aim of this work was to prepare polymeric nanospheres characterized with wide 
linear responses range due to confinement of the chemical recognition/fluorescent 
signal generation to the surface layer of the microsphere. Zinc ions fluorimetric sensors 
based on alternating polymers were studied. Poly(maleic anhydride-alt-1-octadecene) 
was chosen to check the possibility of using alternating polymers to prepare core-shell 
nanospheres using different matrices e.g. magnetic nanoparticles.  

 
Keywords: polymeric nanospheres, linear response range, fluorimetric detection  
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Lignocellulose is a renewable organic material, which is the major structural
component of all plants. It consists of three major components: cellulose,
hemicellulose and lignin, which are strongly intermeshed and chemically bonded by
non-covalent forces and by covalent cross-linkages.

A wide variety of lignocellulosic residues are available around the world, which show
the potentially negative environmental impact associated to their disposal. However,
they represent an abundant and cheap feedstock for obtaining products with industrial
interest through fermentation, given they represent a huge source of fermentable
sugars. For this reason, they can be used as raw material for lignocellulosic
biorefineries, which could work in parallel with crude-oil refineries, being biomass
converted into a mixture of products, including biofuels, valuable chemicals, heat and
electricity.

Polysaccharides contained in lignocellulosic biomass can be hydrolysed and
fermented to sugars which can be converted into a wide variety of products. In general,
such interesting compounds can be classified into two groups: energy products, such
as second generation biofuels, and biobased products, which include chemicals
(amino acids, poly-alcohols, etc).

Given the high polysaccharide content of lignocellulosic residues, their analysis is
very important in order to be able to evaluate the conversion degree of
polyssacharides into the product of interest. Moreover, lignin composition provides
information as regards previous pretreatment of the biomass, which is needed at high
lignin concentration. For this reason, the aim of this work is the determination of the
main components of lignocellulosic residues in order to be used as raw materials for
biorefineries.

Keywords: Lignocellulose, fermentation, biorefineries, agroindustrial residues
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Black polymeric food-contact articles (FCA) sold on the European market were measured for their 
bromine content followed by the identification of present brominated flame retardants (BFRs) by use of 
X-ray fluorescence spectrometry (XRF), FTIR-spectrometry and thermal desorption gas chromatography 
coupled with mass spectrometry (thermal desorption GC-MS). 

In order to confirm the possibility that recycled fractions from the Waste Electrical and Electronic 
Equipment (WEEE) stream were entering the European market in the form of black polymeric articles, 
elemental analysis was performed by use of EDX in a manner of pre-screening and inductively coupled 
plasma optical emission spectroscopy (ICP-OES) for the detailed detection of WEEE relevant elements. In 

most of the BFR positive samples typical elements used in electronic equipment (As, Cd, Cr, Cu, Fe, Hg, 
Ni, Pb, Sb and Zn) were presented either at trace level or at elevated concentrations. The measurement 
of rare earth elements (REEs) confirms additionally the suggested WEEE root of contamination. REEs like 
Ce, Dy, La, Nd, Pr and Y were detected in 4 of the 7 BFR positive samples. 

The polymer matrixes were identified by attenuated total reflection- Fourier transform infrared 
spectroscopy (ATR-FTIR) which allow a destroying-free screening of the goods. Pyrolysis GC-MS enabled 
to separate impurities from foreign polymer fractions.  
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Plastic waste reached already the animal world. In this application the view is done on the analysis of 

dead fallen (beached, dead) fulmars. Such fulmars were collected and analyzed at the IMARES 

Institute for Marine Resources & Ecosystem studies on Texel in the Netherlands. Of interest is to see 

the polymer contents in the stomach of such birds. Statistically such bird has a contents of 0.3g of 

diverse hard particles. These particles are in the focus. Polymers can be easily studied in using FTIR 

spectroscopy in combination with ATR technique. Advantage of that combination is the almost 

destroying free analysis. The identification can be done and shows surprising results. 

With EDX-RF it’s possible to screen the stomach content on the presence of heavy metals. After 

calibration it’s possible to quantify these elements. So was lead found in a plastic particle with a 

concentration of 130 ppm. Like FTIR-ATR EDX-RF is also a non-destructive method.   
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Godoy Cancho, B.1,2, Omenat Morán, D. 1, Guiberteau Cabanillas, A.2 and Martinez Cañas, 
M. A.1 
 
1 Institute of Cork, Wood and Charcoal. Centre for Scientific Research and Technology in Extremadura 
(CICYTEX). Government of Extremadura. E-06800, Mérida, Spain. 
2 Department of Analytical Chemistry, University of Extremadura, E-06061, Badajoz, Spain. 

 
The determination of the content of bioactive compounds such as phenolic 
compounds is of a great interest due to their antioxidant and anticancer properties. 
These compounds are present in different lignocellulosic materials, including cork. 
The determination of phenolic compounds from cork has been carried out by 
HPLC-DAD following different extraction methods, using different solvents such as, 
methanol, water or acetone, as well as several mixtures of them. 
Total phenolic compounds content has been determined by Folin-Ciocalteau method 
(1.0 to 11.8 mg GAE/g dry cork) while low molecular weight phenolic compounds by 
HPLC-DAD. The HPLC-DAD method has been optimized and subsequently, it has 
been verified by HPLC/Q-TOF. Gallic, protocatechuic, vanillic, caffeic, syringic, 
coumaric, ferulic and ellagic acids, coniferic and sinapic aldehydes, aesculetin, 
vanillin and eriodictyol have been identified in cork. Gallic and ellagic acids were the 
most abundant analytes in the different extracts. 

HPLC Chromatogram of a cork extract. 1: Gallic acid; 2: Protocatechuic acid; 3: Vanillic acid; 4: 
Aesculetin; 5: Caffeic acid; 6: Syringic acid; 7: Vanillin; 8: p-Coumaric acid; 9: Ferulic acid; 10: Coniferic 

aldehyde; 11: Sinapic aldehyde; 12: Eriodictyol; 13: Ellagic acid; A: Ellagitannin-type compounds; B: 
Vanillin-type compounds; C: Gallic acid-type compounds. 

 
Keywords: cork, phenolic compound, HPLC-DAD, extraction 
Acknowledgements: Authors acknowledge FEDER and Gobierno de Extremadura 
(PCJ100501) for financial support. Godoy-Cancho B. was a beneficiary of a fellowship by 
Government of Extremadura (TE10024, DOE 04/01/2011) and Fondo Social Europeo (FSE). 
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Electropolymerization of Boronic Acid-Pyrrole Copolymer 

 
Hakan SARIASLAN, Erhan KARACA, Nuran ÖZÇİÇEK PEKMEZ 
 
Hacettepe University, Department of Chemistry, 06800 Ankara, Turkey 

 
Polypyrrole has the wide range of possible applications because of their facile 
synthesize, good environmental stability and long-term stability of electrical 
conductivity [1]. The selective response of conducting polymers toward organic 
molecules has made them ideal sensors in numerous applications [2]. And boronic 
acid has several application area thanks to its electronic and physicochemical 
properties [3]. It has many similarities with carbon in terms of structural features, 
which make it very useful in the world of carbon in organic and medicinal chemistry. A 
molecular recognition agent, boronic acids, recognize cis diol configuration in 
saccharides and form reversible covalent complexes in aqueous media, represent an 
ideal synthetic molecular receptor having the ability to  selectively recognise 
saccharides [2]. In this study, electrochemical copolymerization of pyrrole and boronic 
acid on mild steel has been accomplished in an aqueous solution of 0.05 M pyrrole 
and 0.1 M boronic acid. The production of copolymers was evidenced by 
electrochemical experiments and FTIR measurements of the resulting polymers. The 
main advantage of electrochemical synthesis in conducting polymer films is that the 
procedure leads directly to a new electrode material in a single step process. This 
novel copolymer will be examined for various applications, especially, sensor 
development studies and corrosion protection etc. It is expected that this copolymer 
possesses good mechanical properties and advantageous performance 
characteristics. 
 
Literature: 
[1] H.B. Yildiz, S. Kiralp, L. Toppare, F. Yilmaz, Y. Yagci, K. Ito, T. Senyo, Conducting Copolymers of 
3-Methylthienyl Methacrylate and p-Vinylbenzyloxy Poly(ethyleneoxide) and Their Electrochromic 
Properties, Polym. Bull. (Berlin), 53 (2004) 193-201.  
[2] H. Çiftçi, U. Tamer, M.Ş. Teker, N.Ö. Pekmez, An enzyme free potentiometric detection of glucose 
based on a conducting polymer poly (3-aminophenyl boronic acid-co-3-octylthiophene), Electrochim. 
Acta, 90 (2013) 358-365.  
[3] W. Yang, X. Gao, B. Wang, Boronic acid compounds as potential pharmaceutical agents, Med. Res. 
Rev., 23 (2003) 346-368.  
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In the last years, supercritical Carbon Dioxide (scCO2; Pc=73.8bar Tc=31°C) has 
become an interesting alternative to traditional organic solvents for polymer 
processing and, among it, for impregnation process of polymer matrix with molecules 
such as drugs or dyes. Indeed, thanks to its solubility in a variety of polymers, scCO2 
can increase their free volume and temporally swell them. Moreover, scCO2 can 
solubilize different molecules and carry them into the swollen matrix. In this context, 
infrared spectroscopy is an effective tool to characterize in situ the thermodynamic 
behavior of polymer-CO2 systems and to study the polymer impregnation thanks to 
scCO2. Near and mid-FTIR (Fourier Transformed InfraRed) spectroscopy and ATR-IR 
(Attenuated Total Reflectance InfraRed) are the two main technics generally used that 
are adapted to liquid and/or large samples (mm3-cm3) 1, 2. In order to allow the in-situ 
analysis of microscopic polymer sample (~ 5-500µm) without the need to change their 
shape, we have developed a new and original method. The experimental setup 
consists in a FTIR microscope coupled with a high pressure cell that enables to work 
up to 150bar and at a controlled temperature. Thanks to the newly developed technic, 
we can determine not only the swelling and the CO2 quantity adsorbed in the matrix 3 
but also the evolution of drug loading with time. Measurements have been performed 
for the impregnation kinetics of aspirin and ketoprofen into PEO (Polyethylene Oxide) 
platelets at T=40°C and P=50; 100 and 150 bar 4. 

 
Keywords: FTIR microscopy, supercritical CO2, polymer swelling, drug loading 
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Organic thin films have wide range application areas such as biosensors, permeation 
selective barriers, molecular electronics, optical devices and coatings. Langmuir is an 
elegant technique for both the production and deposition of monolayers onto a solid 
support and to control the properties of such films which can be tuned by their 
composition, structure and uniformity. Polymers, particularly water soluble ones, are 
used as a glue to improve the cohesiveness of these Langmuir Blodgett (LB) films. 
This process is known as “gluing” where LB assemblies were cross-linked 
noncovalently. Herein, poly(4-styrenesulfonate) (PSS) was used as a gluing agent.  
The effect of gluing on stability of cetyltrimethylammonium bromide (CTAB) 
monolayers was investigated through hysteresis loops (repeatedly 
compression-expansion cycles) which were performed in the presence and absence 
of PSS in the subphase. PSS glued CTAB monolayers will be used for assembling the 
cationic gold nanorods on air–water interface. The prepared monolayers were 
transferred to the surface of the substrate by using Langmuir–Schaefer technique and 
then the performance of the obtained structures as Surface Enhanced Raman 
Scattering (SERS) substrates will be investigated. 
 
Keywords: Langmuir films, gluing, SERS substrate 
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Polymer materials are widely used for many applications owing to their designable 
advantages such as light weight, chemical resistance or low heat and electrical 
conductivity. New technologies are raising new requirements for polymer materials. 
Hybrid and composite polymers are new classes of materials with improved properties. 
Understanding the chemical bonding at a polymer-polymer interface is important for 
fundamental issues including stability and specific strength. 
Surface enhanced infrared absorption (SEIRA) is a non-linear optical effect which 
originates from an enhanced electromagnetic field in the vicinity of metal 
nanoparticles. The infrared absorption of molecules is enhanced by an order of 10 to 
1.000 when they are closed to nanoparticles surface. The metal nanoparticles are 
sandwiched in the interface. The advantage of this technique is the enhancement of 
molecular vibrational bands originating from the polymeric interface due to the 
localized surface plasmons of the nanoparticles without destroying the polymer 
composition.  
In this study we investigate the thermally initiated reaction of Bisphenol-A based 
Polycarbonate (PC) with Polyvinylamine or Chitosan. Covalent binding is obtained, 
but also the scission of the PC backbone. Urethane and Urea bonds are formed and 
detected as new covalent interfacial bonds. If backbone scission predominates, the 
mechanical properties are deteriorated and interfacial adhesion is reduced. Imaging 
techniques like Atomic Force Microscopy and Transmission Electron Microscopy as 
well as thermal methods were performed to support the structural characterization. 
We accepted the challenge to provide evidence of reaction rates normally less than 
1% and in nanometer thin polymer interfaces. 

 
Keywords: Enhanced infrared IR spectroscopy, polymer interface 
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The determination of PGEs in geological materials is difficult because of their low 

abundance, heterogeneous distributions and due to lack of universal sample digestion 
technique. Most effective techniques are alkaline fusion, NiS fire assay with tellurium 
co-precipitation and high pressure asher etc.  

In alkaline fusion samples is fused with the flux above its melting point. We aim to 
test the sintering of sample with Na2O2 flux below its melting point using glassy carbon 
crucibles. Pre-concentration has been achieved through Tellurium co-precipitation 
OKUM is a new reference material for which data through inter-laboratory comparison 
(ILC) is being collected. 0.5 g replicates of OKUM were digested and spiked with PGE. 
SnCl2 and Te were added for precipitation of PGE. Te-PGE precipitates were dried 
and dissolved with aqua regia and 0.1M HCl. Measurements were performed with 
ICP-MS/MS Agilent 8800. Preliminary data is in good agreement with literature. High 
blanks are still problematic which are being improved in further PGE study. 

 
Ru, Pd, Ir, Rh, and Au data (ng/g) with sintering-Te-Co-precipitation 

Analyte  Ru Pd Ir Rh Au 

Mean (ng/g ) 4.01 10.5 1.11 1.46 4.03 

RSD  % 15 22 9.7 10 5 

Blanks 0.028 0.410 0.17 0.38 0.325 

Savard et al., 2010 4.15 12.2 0.943 1.4 1.41 

Savard et al., 2010 4.33 11.35 1.00 1.37 
  

Keywords: Platinum group elements, sintering, ILC, Tellorium co-precipitation. 
 
References: Savard, D., Barnes, S.-J. and Meisel, T. 2010. Comparison between 
nickel-sulfur fire assay Te Co-precipitation and isotope dilution with high-pressure asher acid 
digestion for the determination of platinum-group elements, rhenium and gold. Geostandards 
and Geoanalytical Research, 34(3): 281-291.   
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CONCENTRATIONS OF CALIBRATION STANDARDS AND THEIR STANDARD 
UNCERTAINTIES INFLUENCED BY OTHER ADDED CHEMICALS  
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Calibration solutions prepared from pure standards and solvents are rarely applicable 
in analytical chemistry. Several analytical methods require additions of other 
chemicals either to buffer standard solutions or to adjust their ionic strength. In 
addition to this a simulation of a sample matrix might be necessary. Sometimes it is 
impossible to avoid that the added chemical contains as an impurity at a trace level 
the same substance which is targeted through the analysis. In several cases this can 
cause no problem. However If trace analyses are performed or an analytical method 
with a wide working range is used the concentration of the added chemical might be 
higher in concentration, even several orders of magnitude higher, than a standard 
itself. Under such circumstances the added chemical with its impurities affects the 
concentration of a standard solution and uncertainty assigned to it. The effects of 
impurities in other chemicals on concentrations of standard solutions and their 
uncertainties will be systematically evaluated and the significance of these 
contributions under different circumstances evaluated.  

 
Keywords: standard uncertainty, impurities, calibration standards, concentration  
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HIGH-PERFORMANCE QUANTITATIVE 1H-NMR (HP-QNMR®) YIELDS ORGANIC 
CERTIFIED REFERENCE MATERIALS (CRM) FOR CHROMATOGRAPHY WITH 
TRACEABILITY AND LOW MEASUREMENT UNCERTAINTY 
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Quantitative nuclear magnetic resonance (qNMR) spectroscopy is employed by an 
increasing number of analytical and industrial laboratories for the assignment of 
content and quantitative determination of impurities. Since the signal intensity is 
directly proportional to the number of protons contributing to the resonance, qNMR is 
considered as a relative primary method. It is therefore possible to directly compare 
the integrals of an analyte and an internationally recognized primary reference 
standard and thus obtaining traceability to an SI unit. Chromatographic techniques 
such as HPLC or GC usually do not provide this traceability, because they require a 
highly pure standard of the substance of interest, which is often not available. In this 
work, we present the application of a routine certification procedure by qNMR for the 
generation of CRMs for chromatography, containing analytes from different 
substance classes, e.g. amino acids, polyaromatic hydrocarbons, pesticides, 
plasticizer, antibiotics, natural substances, fatty acids and fatty acid esters. In the 
experiments shown, high-performance qNMR (HP-qNMR®) was used under ISO 
accreditation (ISO/IEC 17025 and ISO Guide 34). 

 
Keywords: qNMR, Certified Reference Material, Traceability, Accreditation 
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Material (KRISS CRM 114-01-001) 
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Accurate measurement of the hazardous elements in cosmetics is considerably 
important in response to cosmetics safety issues. A sample preparation method using 
microwave-assisted acid digestion combined with double isotope dilution inductively 
coupled plasma/mass spectrometry (ID ICP-MS) was used for certification of the 
hazardous elements Cd, Hg and Pb in cosmetic powder samples. The HF-free sample 
preparation method was validated and applied to analyse Cd and Pb in cosmetic 
powder. The Hg content in the sample was determined by employing a fast valve 
sample introduction system in order to resolve the severe memory effect in Hg 
analysis. Homogeneity and stability were also evaluated. The certified values of Cd, 
Hg and Pb were (24.8 ± 1.2) mg/kg, (0.648 ± 0.064) mg/kg and (24.55 ± 0.29) mg/kg, 
respectively. The relative combined standard uncertainty was 2.5 % for Cd, 4.6 % for 
Hg and 0.57 % for Pb. Also presented is the detailed procedure for certification and 
evaluation of the associated uncertainty. The proper use of the developed CRM for 
quality control and method validation in testing laboratories and the cosmetics 
industry is expected to significantly improve the reliability and quality of test results for 
hazardous elements in cosmetics, thereby contributing to cosmetics safety.  

 
Keywords: Certified Reference Material, Cosmetics, ID ICP-MS, Uncertainty, Hazardous 
Elements  
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The Walkley & Black and CHN methods were evaluated as reference methods to 
determine organic carbon in Brazilian soils using near infrared spectroscopy (NIRS) 
as an alternative. The main objective of this study was to evaluate which of the 
reference methods could provide a calibration model with higher predictive ability. A 
total of 161 soil samples obtained from horizons in full profiles were selected. These 
samples origin was Parque Estadual da Mata Seca in the state of Minas Gerais, Brazil. 
The models were mean centered and built from partial least squares (PLS) with ten 
latent variables. The modified Walkley & Black presented a lower accuracy when 
compared to CHN as reference method for near infrared spectroscopy. Other figures 
of merit such as sensitivity, analytical sensitivity, detection and quantification limits, 
adjust and linearity presented results very similar. A paired t-test was applied to the 
results of figures of merit obtained from both models and with 95% confidence did not 
show significant differences between the two methods used as reference for NIRS. 
The non-parametric Mann Whitney test showed that the samples provided with the 
PLS model when the reference method is the Walkley & Balck and samples provided 
with the PLS model when the reference method was the CHN come from the same 
population. 

  
Keywords: organic carbon, soils, NIR, PLS 
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Plasmas are widely employed as atomization/excitation sources in atomic emission 
spectrometry (AES). Among them, inductively coupled plasma (ICP) is the most 
employed due to its robustness and good analytical figures of merit. Nonetheless, 
other sources such microwave induced plasma (MIP) are also employed in the 
literature as a potential alternative to flame atomic absorption spectrometry. 
Sample concomitants could affect negatively analytical results in plasma based 
techniques due to changes in the aerosol generation, transport phenomena and/or in 
the plasma conditions when compared to analyte standards. Thus, for instance, 
analytical signal is usually suppressed by the use of samples containing salts and/or 
acids. When operating organic solutions, analyte signal could be either enhanced or 
depressed depending on the solvent volatility. A better understanding of these 
processes is necessary to mitigate matrix effects and for modelling of the plasma. 
The aim of this work is to study matrix effects in ICP-AES and MIP-AES for nitric acid, 
sulphuric acid, glycerol and calcium nitrate solutions. To this end, the effect of plasma 
experimental conditions (sample uptake rate, r.f. plasma power and sample 
introduction system) on the behaviour of atomic and ionic emission lines of several 
elements has been studied. In general, matrix effects for MIP-AES are similar to those 
observed for ICP-AES. Nevertheless, some differences are noticed for MIP-AES: (i) 
no signal enhancement due to carbon and sulfur-based charge transfer reactions; (ii) 
carbon does not suppress the signal for atomic lines; and (iii) calcium enhances the 
signal for some atomic lines. 

 
Keywords: matrix effects, atomic emission spectrometry, microwave plasmas, inductively 
coupled plasma 
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A reliable and sensitive quantification method based on stir bar sorptive extraction 
(SBSE) coupled with thermal desorption-gas chromatography-mass spectrometry 
(GC-MS) was described for the simultaneous determination of different 
organophosphorus pesticides in water samples. The analytes were extracted by 
hydroxyl modified multi-walled carbon nanotubes (MWCNTs-OH) as coating material. 
The adsorbed compounds were thermally desorbed using a thermal desorption unit 
connected to a programmed-temperature vaporization (PTV) injector. The desorbed 
analytes were determined by GC-MS analysis in 32.5 min run time. The method was 
optimized and validated using quality control samples at different concentrations levels. 
The optimum condition were found to be 5.5-7.5 for the pH,  30 % (g/v) for the amount 
of salt,  35 °C and 60 min for adsorption temperature and time respectively, 1500 rpm  
for stirring rate, programmed  desorption at 20 °C  for 0.5 min, then to 300 °C (at 
60 °C min-1, held for 5 min). The developed method showed good performance. The 
acquired calibration curves were linear (r2 ≥ 0.96) over the concentration range from ≤5 
to 1000 ng L−1. For all of the analytes, the limit of detection was below 2.4 ng L−1. 
Interday precision values for the analytes were always ≤12% and the reproducibility 
between coated stir bars for extraction of PAHs was found acceptable (RSD <11 %). 
The recoveries were in the range of 80-88 % with low relative standard deviation (RSD) 
values in the range of 8.2-9.5%. Good solvent and thermal-resistance are the other 
advantages of this coating material which makes it suitable for extraction of target 
compounds exist in water samples. The developed method was successfully applied 
to determine target organophosphorus pesticides in real samples. Based on the 
results diazinon and malathion were found in more than 80% of the samples in the 
range of 10-150 ng mL-1. 

 
Keywords: stir bar sorptive extraction, multi-walled carbon nanotubes, organophosphorus 
pesticides, GC-MS 
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Selenium is a naturally occurring element that is nutritionally essential, but it can be toxic 
to aquatic life (such as fish) where concentrations are elevated. Therefore, removal of 
selenium from environment is important issues. Several methods are used for the removal 
of oxianions from aqueous solutions, such as, electrolysis, ion exchange, reverse osmosis, 
solvent extraction, adsorption, complexation and precipitation. Among all these, adsorption 
is considered as an effective and economical method to remove Se(VI) from aquatic 
systems. Radiation-induced graft polymerization (RIGP) is a well-known method to 
prepare specialty polymers or to modify the physical and chemical properties of existing 
polymeric materials. Graft polymerization on polymeric matrixes followed by 
functionalization is widely used for the surface modification of polymeric adsorbent 
materials[1]. Radiation grafted adsorbents have been used usually for separation and 
wastewater treatment. 
 
 
In this study, quaternized 4-vinyl pyridine (VP) grafted polyethylene/polypropylene (PE/PP) 
nonwoven fabric was prepared by radiation-induced graft polymerization[2,3]. Grafting 
conditions were optimized and about 150 % VP grafted samples were used for further 
experiments. For the preparation of strong base anion exchanger, VP graft chains were 
quaternized with dimethyl sulfate. Adsorption experiments were conducted with 
quaternized VP grafted fabric for the removal of Se(VI) in different adsorption conditions 
such as pH and initial concentration. The selectivity of adsorption of Se(VI) in the presence 
of other competing anions was also studied showing enhanced selectivity for chromate 
ions.  In the adsorption of Se(VI) ions, the adsorption rate, pH effect, initial concentration 
effect and desorption were investigated. It was concluded that quaternized VP grafted 
nonwoven fabric can be considered as a promising adsorbent for Se(VI) removal from 
aqueous media. 
 
Keywords: strong base anion exchanger, 4-vinylpyridine, Se(VI) removal, quaternization, radiation 
induced graft polymerization. 
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Treatment of heavy metals such as Pb (II), Ni (II) and Zn (II) from contaminated 
water using biomass materials is a modern technology, which is characterized 
with low cost, high efficiency, renewable source, and availability has been 
investigated. Usually, heavy metals released into the environment by natural 
sources such as soil erosion, and anthropogenic activities such as mining’s and 
various industrial activities. Heavy metals are very toxic and possess a high risk 
to the aquatic environment greatly limits our water supplies and threatens our 
health.  Biomass sorption such as coffee bean chaff and peelings from trunk of 
palm tree were studded.  Batch adsorption experiment was performed to study 
adsorption potential of biosorption at initial concentration 400 ppm and contact 
time (30, 60, 90, and 120 min) with the heavy metals. The equilibrium contact 
time was fond to be 30 min the average removal efficiency for all biosorbent 
species was 91.7 %, 32.2 % and 41.75 % of Pb, Ni and Zn respectively. The 
adsorption capacity of the sorbents was 9.17 mg/g for Pb, 3.22mg/g for Ni and 
4.175mg/g for Zn. The adsorption data was applicable on Langmuir and 
Freundlich isotherm models. The present investigations revealed that biomass 
sorbents can serve as low-cost alternative for removal of heavy metals from 
wastewaters. 
 
Keywords: Biomass, sorbent, heavy metal, water contamination. 
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Monolithic materials gained an increased popularity  in many applications in 
separation science.  In this work, a straightforward sol-gel process for potassium 
silicate colloid in the presence of water soluble polymers, and drying controlling 
agents, used to produce porous monolithic silica inside silica capillaries. The porous 
structure and high surface area possessed by these materials made it possible to use 
them as adequate supports to synthesis monolithic silica-based chelating resins 
applicable  as miniaturized solid phase extraction (SPE) apparatus  for the 
extraction/preconcentration of transition metals. This feasibility was demonstrated by 
modifying an immobilization technique for the attachment the chelating reagents; 
8-Hydroxyquinoline (8-HQ) within the meso/micro pores (in situ) of the monolithic 
columns. The functionalized column showed comparable capacity exchange, relative 
to other silica-based chelating resins, and exhibited low flow resistance for aqueous 
solutions when used in hydrodynamic systems. Therefore, it was easily integrated into 
a miniaturized flow injection system operated by peristaltic pumps. The system 
employed in an off line mode to eliminate environmental matrices prior to the 
determination of transition metals by ICP-MS. The optimized FI system, incorporating 
the miniaturized SPE column, was demonstrated a potential applicability for the 
analysis of Zn, Cu, Ni and Co in groundwater reference materials and real samples 

 
Keywords: Porous silica monoliths, chelating resins, miniaturized column, , solid phase 
extraction,  

P406

588 sur 745



 
 
Phosphorus containing calix[4]arenes toward lanthanoids: synergistic solvent 
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Mixed ligand chelate extractions of  lanthanoids (La, Nd, Eu, Ho and Lu) with 
3-methyl-1-phenyl-4-(4-trifluoromethylbenzoyl)-pyrazol-5-one (HL) and 
5,11,17,23-tetra-tert-butyl-25,26,27-tris(dimethylphosphinoylpropoxy)-28-hydroxy-cali
x[4]arene(S1) or 5,11,17,23-tetra-tert-butyl-25,27-bis(dimethylphosphinoylpropoxy) 
-26,28-dihydroxy-calix[4]arene (S2) as synergists were carried out in chloride medium 
at constant ionic strength μ=0.1 and CHCl3 as organic phase. The interactions 
between the extractants in deuterochloroform were studied by 1H, 13C, and 31P NMR 
spectra. The composition of the extracted species was established as LnL3·HL (L 
represents HL anion) with HL as a single extractant, and as LnL3·S in the presence of 
the phosphorus-containing calix[4]arene. On the basis of the experimental data, the 
values of the equilibrium constants were calculated. The influence of the level of 
substitution of tert-butyl-calix[4]arene on the extraction process was discussed. The 
synergistic enhancement and separation factors between metals were evaluated. 
Finally, the extraction of La(III) and Eu(III) ions was performed by using an ionic liquid, 
1-methyl-1,3-butylimidazolium-bis(trifluoromethanesulfonyl)imide, as a diluent and 
varying the type of ligands. By comparison to CHCl3, the IL offers increased 
distribution ratios, at the expense of a levelling off the separation factors.  

 
 
Keywords: solvent extraction, separation, 4-acylpyrazolones, calixarenes 
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2 Centro Andaluz de Investigaciones Vitivinícolas (CAIV), Universidad de Cádiz, Apdo. 40, Puerto Real, 11510, 
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The jabuticabeira is a fruit-bearing tree that belongs to the Myrtaceae family, which 
grows naturally in a large area of Brazil. The tree produces round grape-like fruits with 
a reddish-black peel and a mucilaginous whitish pulp that is both sweet and sour, and 
very tasty. Jabuticaba peels are a source of anthocyanins, the flavonoids responsible 
for the dark colour of the fruit. These pigments possess potent antioxidant and 
anti-inflammatory compounds, with antimutagenic and chemopreventive activities. In 
recent years a large number of foods made from jabuticaba, such as jams, juices 
concentrates, extracts, liquors, etc., are being commercialized so it is necessary to 
develop extraction techniques and analysis of these compounds. Ultrasound Assisted 
Extraction has been used to extract both anthocyanins and total phenolic compounds. 
The optimization of the extraction variables (% methanol, pH, temperature, amplitude, 
cycle and ratio mass/solvent) was performed using the Box-Behnken methodology 
considering the total amount of anthocyanins on the one hand and total phenolic 
compounds on the other hand. Three anthocyanins were identified 
(cyanidin-3-O-glucoside, delphinidin-3-O-glucoside and peonidin-3-O-glucoside) 
using UPLC-Q-ToF-MS. Anthocyanins were analyzed by UPLC-UV-Vis and total 
phenolics by the Folin-Ciocalteu spectrophotometric method. The percentage of 
methanol and the temperature of extraction are the most critical variables in extracting 
anthocyanins and the percentage of methanol is the most critical for the total 
phenolics. The methods developed have a good repeatability and reproducibility (RSD 
< 5%). The two methods developed have been used for the analysis of anthocyanins 
and total phenolics in foods made with jaboticaba.  

 
Keywords: jabuticaba, anthocyanins, phenolic compounds, ultrasound assisted extraction 
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ROTATING-DISK SORPTIVE EXTRACTION COMBINED WITH HPLC-DAD FOR 

DETERMINATION OF VETERINARY ANTIBIOTICS IN COW’S MILK 
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The maximum residue limit (MRL) is the maximum concentration of residue accepted 
by the European Union (EU) in a food product obtained from an animal that has 
received a veterinary medicine or that has been exposed to a biocidal product for use 
in animal husbandry. The EU requires by law that foodstuffs, such as meat, milk or 
eggs, obtained from animals treated with veterinary medicines or exposed to biocidal 
products used in animal husbandry must not contain any residue that might represent 
a hazard to the health of the consumer. 
The main purpose of this work was developed an analytical method using a rotating 
disk sorption extraction (RDSE), with styrene-divinylbenzene as sorbent phase, for 
the determination of veterinary antibiotics residuals in cow's milk for human 
consumption (with exactly and precision below MRL levels).   
In this study was optimized a method for extraction of six analytes models 
(oxytetraciclyne, 4epi-oxytetraciclynelindane, enrofloxacin, criprofloxacin, sulfadoxine 
and trimetoprim) by RDSE system. The identification and quantification was realized 
by HPLC-DAD, with a limit of quatification (LOQ) value below MRL for this analytes in 
milk matrix. 
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Antidepressant drugs are widely used in clinical practice for the treatment of different 
types of depression and other psychiatric disorders. Fast and selective sample 
preparation procedures using small amounts of biological samples and solvents are 
demanded to meet the Green Chemistry principles. In this work, a rapid, efficient and 
fully automated technique for the extraction of six antidepressants (mirtazapine, 
venlafaxine, escitalopram, fluvoxamine, fluoxetine and sertraline) in human plasma 
was developed using microextraction by packed sorbent (MEPS®). Several 
experimental variables that affect MEPS performance, such as sampling, washing, 
washing solution volume, sample charging and discharging in the same tube or 
outside, elution conditions, pH and number of extraction cycles (strokes) were studied. 
A Doehlert response surface design, followed by desirability function, was used for the 
simultaneous optimization of pH and number of strokes. The optimal conditions were: 
300 µL of plasma plus 200 µL MeOH to eliminate proteins, 100 µL MeOH as elution 
solvent, pH adjusted to 4 and 8 sample loading strokes inside the same tube. 
   

 
Keywords: Microextraction by packed sorbent; antidepressants; experimental design; 
plasma. 
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In the present study, electrochemical process was studied via removal of diazinon 
(O,O-diethyl O-2-isopropyl-6-methylpyrimidin-4-yl phosphorothioate) as an 
insecticide/acaricide organic case study. Influences of three operational parameters 
including initial ferrous ion concentration, initial hydrogen peroxide concentration, and 
initial diazinon concentration were measured and optimized in diazinon removal 
process. Response surface methodology (RSM) was used to design the experiments. 
The experimental data collected in a laboratory scaled batch reactor equipped with 
four graphite bar electrode as cathode and an Aluminum sheet electrode as an anode. 
Quantitative analysis of diazinon was done with gas chromatography equipped with 
flame photometric detector. Disperse liquid-liquid micro extraction was used prior to 
gas chromatography in order to extraction and pre-concentration of diazinon from 
aqueous media to extraction phase. Acetone and chlorobenzene were used as 
disperser and extraction solvent, respectively. Maximum diazinon removal efficiency 
of 87% (0.85 mg mass removal) in C0 of 2 mg/l and 80% (120 mg mass removal) in C0 
of 300 mg/l was achieved under different experimental conditions. The obtained 
experimental data were used for model building by RSM approach. Finally, 
optimization process was carried out using RSM algorithm. 

 
Keywords: Disperse liquid-liquid micro extraction, Diazinon Removal, Electrochemical 
process, Response surface methodology 
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Preconcentration and Determination of Traces of Heavy Metals with Polymer 
Chelating Sorbents in the Analysis of Natural and Waste Water 
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Monitoring the concentrations of heavy metals in natural and waste water at and 
below the level of their maximum permissible concentrations is an urgent 
environmental problem. Hence, new procedures for the preconcentration of heavy 
metals with their subsequent determination by different methods are required. Along 
with other sorbents, significant attention is attracted to polymer chelating sorbents, 
which provide individual or group extraction of trace elements, eliminate matrix effects, 
and provide high concentration factors. The effect of the various parameters such as 
electrochemically and chemically synthesis methods, physical oxidation state of the 
polymer, polymer thickness, solution pH and metal ion concentration on the 
adsorption, kinetics and efficiency were investigated. The results showed a vary broad 
concentration range of the heavy metals from (0.05 to 10 mg/L) can be adsorbed on 
different kinds of polymers at different pH values and different efficiently. The 
adsorption capacity of the polymer to different concentrations of heavy metals was 
evaluated as the milligram of metal ions by one gram of various forms of the polymer. 
The DC conductivity measurements were also employed on the solid polymer before 
and after adsorption of metal ions. The experimental adsorption date was fitted to 
different mathematical isotherms to estimate the binding constant of heavy metals 
with the polymer in both single and mixed ion solutions. The method provides the 
extraction of analytes from natural water of complex composition containing high 
concentrations of alkali, alkaline-earth and other elements and is characterized by 
rapidly, selectivity, low detection limits, and a high reproducibility of the results. The 
relative standard deviation is 2-4%. The technique was test with real waste water 
samples 
Keywords: Polymers Sorbents, Heavy Metals, Preconcentration, Adsorption Isotherms, 
Mixed Ion Solutions, Selectivity 
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The novel method Ultrasound and air assisted liquid–liquid micro extraction 
technique for the determination of phthalate esters from water prior to their 
determination by Gas chromatography –mass spectroscopy  
 
 
Farahani Abolfazl a,  Ramezani Majid a , Hasan Jalal b 
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b  Department of Veterinary Medicine, University of Tehran, Iran 

 
 

Abstract 
 
We have developed  a  highly sensitive and reliable micro extraction method  based on 
sonicate  and air assisted for the preconcentration of some phthalate esters such as 
dimethyl phthalate, diethyl phthalate,   di-nbutyl- phthalate, bis(2-ethylhexyl) phthalate , 
butyl benzyl phthalate , di n-octyl-phthalate and diethyl-hexyl phthalate prior to their 
determination by GC-MS. In this technique, extraction solvent was dispersed into the 
aqueous sample solution by using ultrasonic bath.  The effects of the solvent type, 
extraction time, pH values and salt concentration were investigated. After extraction, 
organic solvent injected to the GC/MS instrument for quantification. Acquisition was 
performed in the selected ion monitoring mode. Under the optimum conditions, the 
enrichment factors range from 200 to 250   Response is linear in the concentration range 
from 0.1 to 100 ng mL−1. The calibration curves showed good linearity (r               ) and 
precision (RSD 5.0%) in the working concentration ranges. The method was successfully 
applied to the determination of six phthalate esters in real samples with complex matrices. 
 
 
Keywords:  Phthalate esters, novel method, ultrasonic and air assisted microextraction, GC-
Mass 
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2 Department of Analytical Chemistry, Faculty of Chemistry, Regional Campus of International Excellence 
"Campus Mare Nostrum", University of Murcia, Murcia, 30100, Spain 

 
Fungicides are widely used to control a diversity of common diseases that 

affect different crops and their residues can reach natural waters. The determination 
of different fungicides included in the groups of oxazoles and strobilurins is here 
aborded by means of liquid chromatography and tandem mass spectrometry 
(LC-MS2), with electrospray ionization and a triple quatrupole as analyzer, in water 
samples of different origin. A clean-up and preconcentration step based on dispersive 
liquid-liquid microextraction (DLLME) has been applied. Because high 
preconcentration factors have been obtained for strobilurin fungicides when using 
organic solvents lighter than water, whereas oxazoles were more effectively extracted 
with chlorinated solvents, the combination of these two types of solvents was tested 
for the simultaneous microextraction of these pesticides. The different parameters 
affecting the emulsification, extraction and collection efficiency have been optimized. 
In this sense, nature of both extractant solvents, their volumes, the nature and volume 
of the disperser solvent, the salt concentration in the sample as well as the addition 
order of the different reagents was carefully optimized. A sedimented microdrop was 
obtained by centrifuging the mixture, for which the chlorinated solvent was evaporated 
and the enriched undecanol phase being submitted to LC-MS2. DLLME was 
compared with ultrasound-assisted emulsification liquid-liquid microextraction 
(USAEME) by substituting the disperser solvent by the application of ultrasound 
energy, the former providing better results. Enrichment factors are between 50 and 
150, depending on the compound. The analytical parameters of the developed 
method make it suitable for routine controls in water samples. 

 
Keywords: Strobilurin fungicides, Oxazole fungicides, Waters, Dispersive liquid-liquid 
microextraction, Liquid chromatography-tandem mass spectrometry 
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The accumulation of metals in soils causes a potential risk to human health due to 
their transfer to other environmental compartments. Extractable forms are better 
indicators for mobility, bioavailability, and therefore toxicity of metals. However, in the 
conventional single extraction procedures (SM&T program), long extraction times and 
large quantities of samples and reagents are typically employed for the determination 
of extractable metal contents. 
In this work, ultrasonic probe sonication (UPS) and microwave-assisted extraction 
(MAE) were assessed as alternatives to the mechanical shaking used in the 
conventional procedures (CP) for single extraction of metals in soils. Extractable 
concentrations of Cd, Cr, Cu, Ni, Pb and Zn using 0.01 M CaCl2, 0.43 M CH3COOH 
and 0.05 M EDTA at pH 7.0 were determined by ICP-AES. Optimization studies were 
carried out on BCR 483 and 700 for accuracy evaluation of methods. 
In the proposed methods, the extraction times were reduced from hours (CP) to 
minutes (UPS and MAE), reducing the amount of sample and extractants in factors of 
5-10, maintaining the w/V ratio. The optimized methods were applied to polluted soils 
from the surroundings of the Mónica mine (Madrid), with Cd, Cu, Pb and Zn 
concentration levels higher than VR90 (than MAC for Pb in some areas). Results 
showed higher mobility for Cd (up to 34% in CaCl2 extraction) and bioavailability for 
Cd, Cu and Pb (up to 50% and 36% in CH3COOH and EDTA extractions, respectively). 
Furthermore, Pearson’s coefficients showed a highly significant correlation between 
total and extractable element concentrations in soils. 

 
Keywords: Soil single extraction; Metals; Ultrasound probe sonication; Microwave-assisted 
extraction. 
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ABSTRACT 

The solvent extraction of nickel(II) from sulfate medium using di(2-ethylhexy1) 

phosphoric acid (D2EHPA, HL) at 25°C has been investigated. The influence of the 

following parameters was studied: the equilibrium pH, the concentration of the 

extractant and the nature of diluent.  

The effect of the diluent using polar and non-polar solvents in the extraction of 

nickel(II) is discussed. The extracted nickel(II) species were found to be NiL2 in 1-

octanol and methyl isobutyl ketone and NiL2.2HL in toluene, dichloromethane, 

chloroform, carbon tetrachloride and cyclohexane. The extraction constants are 

evaluated for the different diluents. 

Mots clés 
liquid-liquid extraction; nickel(II); effect of diluent 
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Belozersky glauconite mineral from Saratov region - is a natural aluminosilicate which 
possesses the pronounced sorption properties. Glauconites are layered hydromicas of an 
unstable and complex composition which can be represented by the general formula 
(K,H2O)(Fe3+,Al,Fe2+,Mg)2 [Si3AlO10](OH)2×nH2O. Stracturally glauconite is a three-layered 
silicate - a grid of octahedra corresponds to two grids of tetrahedra facing toward each other 
in their crystal lattice . The silicon ions in these tetrahedra can be replaced by aluminum ions, 
that leads to the overall positive charge. 
The uniqueness of this mineral consists in its higher ion exchange, buffering and sorption 
properties. Possessing a large active surface, the modified glauconite selectively adsorbs 
ammonia, hydrogen sulfide, methane, carbon dioxide, hydrocarbons, phenols, exo- and 
endotoxins, heavy metals, radionuclides, some microorganisms. 
Glauconite contains K2O (6-7%), and P2O5 (3%)  which makes a natural organo-phosphorus-
potassium fertilizer. A stimulating effect of glauconite on the development of beneficial soils 
microflora has been recently discovered. Glauconites used as a natural fertilizer, allow not 
only to enrich soil with potassium, but also to improve its structure, retain moisture and 
stimulate growth of plants. In livestock and poultry the glauconite improves metabolism, 
increases the digestibility and assimilation of food, reduces the concentration of ammonia, 
mycotoxins, heavy metals, radionuclides and other toxic components formed in the body 
during digestion and activity. Glauconite also improves the hygienic conditions (reduces 
concentration of ammonia and other harmful gases, reducing the unpleasant odor) in 
livestock buildings. 
The modified glauconite has been successfully used in medicine, for wastewater and drinking 
water, cosmetics and environmental purposes. 

 
Keywords: glauconite, sorption, sewage treatment, wastewater, fertilizers, premixes. 
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Mycotoxins are toxic secondary metabolites produced by different fungi species. 
Among them, zearalanone (ZAN), zearalenone (ZEN) and some of their derivatives 
are of high interest because of their capacity to interact with endocrine receptors 
which may cause disorders in human’s health. Some of them have been widely used 
as livestock growth promoters and, as a result, they could transfer to milk. That is why 
they are currently banned in Europe [1], though MRLs have not been established yet 
for any of them in milk. 
Because of the high complexity of dairy samples and the low concentrations at which 
mycotoxins may appear, a preconcentration step is frequently necessary for their 
analysis. In this sense, dSPE with coated magnetic nanoparticles (m-NPs) has proven 
to be a good and simple alternative for their extraction from water samples [2]. In fact, 
due to the high surface area-to-volume ratio, which results in a much greater 
extraction capacity and efficiency compared with other sorbents, coated-NPs have 
become very important sorbents in sample preparation, especially when m-NPs are 
used. 
Considering the above, we have applied laboratory synthesized core-shell 
poly(dopamine) m-NPs as dSPE sorbent for the extraction of six mycotoxins of 
interest (ZAN, ZEN, α and β-Zearalanol, α- and β-Zearalenol) from different milk 
samples prior to their LC-MS analysis. Preliminary results have shown that core-shell 
poly(dopamine) m-NPs provide a good and reproducible extraction of these analytes 
with relative recoveries range between 70-120% and interday RSDs lower than 10%. 

 
Keywords: mycotoxin, milk, poly(dopamine), magnetic nanoparticles, dispersive solid-phase 
extraction, LC-MS  
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Chlorinated phenols belong to the most important environmental contaminants. They 
are commonly used in the production of paper and pesticides but also as 
intermediates in the production of dyes, and plastics. In addition, this class of organic 
compounds has been also detected in drinking water as a result of tap water 
chlorination treatment. These pollutants can be a public health problem due to their 
carcinogenic properties. In this study, ultra-high pressure liquid chromatography 
(UHPLC) coupled to a photodiode array detector (PDA) was used for the development 
of an analytical method capable of simultaneous identification and quantification of 
two chlorophenols namely, 4-chlorophenol and 2,6-dichlorophenol in water samples. 
In addition, a solid phase extraction (SPE) procedure for the extraction of these 
compounds was optimized. The chlorophenols were separated by an Acquity BEH 
C18 (100 x 2.1 mm, 1.7 μm) column with a mobile phase of acetonitrile/ultrapure 
water/formic acid. The flow rate of the mobile phase was 0.4 mL min-1. The optimized 
SPE-UHPLC/PDA technique was evaluated in terms of robustness, considering the 
enrichment factor for all of the studied chlorophenols. Linear calibration was obtained 
with correlation coefficients r² ≥ 0.997. The obtained extraction recoveries were higher 
than 97%. The pre-concentration factor was 2.500 for the both analytes. Under 
optimized conditions, the detection limits of the overall SPE-UHPLC/PDA method 
were in the ng L-1 level. The excellent performance of the developed method, as well 
as the short analysis time makes it a promising analytical tool for the screening of 
chlorophenols in environmental water samples. 
 
Keywords: chlorophenols, extraction, ultra-performance liquid chromatography, 
environmental water 
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WEAK BASE ANION EXCHANGE NONWOVEN FIBERS FOR As(V) 
ADSORPTION FROM AQUEOUS SOLUTIONS 

 
 

Cengiz Kavaklı, Serhad Tilki, Pınar Akkaş Kavaklı 
 

Department of Chemistry, Hacettepe University, Beytepe, 06800, Ankara, Turkey 

 
Arsenic has been considered as one of the most hazardous element for the living 
organisms and its presence in natural waters, can result in serious environmental 
problems. The major treatment technologies for the removal of arsenic include 
chemical precipitation, membrane filtration, adsorption and ion exchange processes. 
Among various treatment technologies, ion exchange and adsorption are well studied 
since they are efficient for As(V) adsorption. Compared with traditional granular     ion-
exchange adsorbents, fibrous ion-exchange adsorbents have advantages of large 
external surface area, fast adsorption rate, easy regeneration and various application 
forms such as fibers, nonwoven fabrics, threads, and cloths. Therefore, it is of great 
practical and research interest to develop effective fibrous adsorbents for removing 
As(V) in aqueous solutions [1].  
 
Recently, wide range of amine groups attached to various adsorbent materials having  
weak-base anion-exchange property have been extensively studied for arsenic 
adsorption, such as cellulosic adsorbent modified with dimethylamine, 
dimethylaminoethylmethacrylate, glycidyl methacrylate grafted cotton cellulose 
modified with tetraethylenepentamine, glycidyl methacrylate resin functionalized with 
tetraethylenepentamine, ethylenediamine modified polyacrylonitrile ion-exchange 
fiber. In the present study, weak-base amine nonwoven fibers were prepared by 
radiation induced graft polymerization of glycidyl methacrylate (GMA) onto the 
polyethylene/polypropylene (PE/PP) nonwoven fibers and followed by modification 
with ethylenediamine (EDA) for the adsorption of As(V) ions.  The effect of the pH, 
contact time, and the initial As(V) ion concentration on the adsorption capacity of the 
weak base amine fibers for As(V) ions were investigated. The weak base amine fibers 
are effective for As(V) adsorption at pH 3. Experimental results show that more than 
90 % of As(V) adsorption onto the weak base amine fibers was achieved within 90 min. 
The Langmuir isotherm and pseudo second-order kinetic models agreed well with the 
experimental data. The weak base amine fibers can be used as an effective adsorbent 
for the removal of As(V) in aqueous solution due to high adsorption capacity and short 
adsorption time. 
 
 
Keywords: Arsenic(V), adsorption, ethylenediamine, weak-base anion exchange fibers.           
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REMOVAL OF As(V) FROM AQUEOUS SOLUTIONS BY USING WEAK-BASE ANION 
EXCHANGE RESIN ADSORBENT 

Cengiz Kavaklı, Serhad Tilki, Pınar Akkaş Kavaklı,  
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Contamination of water sources with heavy metals is a major concern in 
developing countries . Due to the toxicity and carcinogenicity of heavy metal ions, 
they present a threat to human health and the environment when they exist in various 
water resources . Increasing concentrations of heavy metals in the water sources 
constitute a severe health hazard mainly due to their nondegradability (chemical, 
biological and thermal) and toxicity in environment. Some heavy metals such as 
chromium Cr (III) and Cr (VI), copper (Cu),lead (Pb), manganese (Mn), mercury (Hg), 
cadmium (Cd), Arsenic (As)(V) etc. are known to be significantly toxic. As(V)  is one 
of the most toxic and ubiquitous element for human health and the environment . 
As(V) removal from water sources and even drinking water systems has become 
very important for several years. The removal of As(V)  from wastewaters have been 
extensively investigated by applying several methods. The major treatment 
technologies for the removal of As(V)  include chemical precipitation, membrane 
filtration, adsorption and ion exchange processes. Among them, ion exchange and 
adsorption are the most widely studied treatment technologies due to the efficiency in 
aqueous solutions. In particular, the amino groups on an adsorbent have been found 
to be one of the most effective chelating groups especially for the adsorption of As(V) 
ions from  aqueous solutions[1]. Recently, wide range of weak-base anion-change 
adsorbents that contain amine functional groups  have been extensively studied for 
As(V)  adsorption [2]. 

In these study, Lewatit VP OC 1065 weak-base anion exchange resin for 
adsorption of As(V) was studied. Weak-base resin structure were characterized by 
FTIR, XPS and SEM techniques. The effect of solution pH, contact time, initial As(V) 
ion concentration on the adsorption capacity of the resins were investigated.  

Keywords: Arsenic(V), adsorption, , Lewatit VP OC 1065  , weak-base anion 
exchange resin 
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Simultaneously preconcentration of Cd, Cu, Ni and Zn with ammonium lauryl sulphate 
coated alumina immobilized with 1, 5-diphenylthiocarbazone with online FAAS 
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A sensitive and simple method for online simultaneous preconcentration of trace heavy metal ions in 
some environmental samples by flame atomic absorption spectrometry has been reported. The method is 
based on the adsorption of Cd, Cu, Ni and Zn on dithizone loaded on ammonium lauryl sulphate coated 
alumina. The adsorbed metals on modified alumina were eluted using 1 mL of 1 mol L-1 hydrochloric 
acid. The influences of the analytical parameters including pH, flow rate of sample, type and volume of 
eluent and sample volume were investigated. The calibration graph was linear in the range of 0.05-0.5 
ng mL-1 for Cd, Cu, Ni and Zn. The limits of detection were 1, 0.5, 1.1 and 0.61 ng mL-1 for Cd, Cu, Ni 
and Zn respectively. The preconcentration factor of 100 for Cu and 150 for Cd, Ni and Zn was achieved. 
The developed method was successfully applied for the determination of trace metal ions in soil, water 
and plant samples. 
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Parabens are esters of para-hydroxybenzoic acid. Due to their antiseptic and 

fungicidal properties they are widely used as preservatives in cosmetic, 
pharmaceutical and food products. 

Contradictory opinions on the toxicity and carcinogenicity of parabens and the 
possibility of coming them into the environment and the human body creates the 
nessecity for regular monitoring of content of parabens in different products, biological 
samples, environmental objects and  the development of new methods of their 
identification, including extraction and preconcentration. 

The possibility of combining the acylation of methyl, ethyl, propil- and 
butylparabens using propionic anhydride with dispersive microextraction and further 
GC/FID detection has been investigated. The following parameters of derivatization: 
amount of propionic anhydride,  temperature, time, pH were optimized. 

It was obtained that parabens were acetylated at room temperature during 2-5 
min. It is shown that only 10 l propionic anhydride were needed for acylation in water 
solution  with concentration of parabens  0.005 - 5.0 mg /L. The nature and amounts 
of dispersive and extraction solvents, ionic strength, pH, time of extraction were 
examined. 

It has been shown that the most effective dispersive solvents are acetone and  
acetonitrile, extraction solvents are chloroform and carbon tetrachloride. The influence 
of pH on the efficiency of derivatization and dispersive microextraction has been 
explored. It was established that the pH range of 7-10 is the best for acylation and 
microextraction. It is shown that the addition of a strong electrolyte has little effect on 
the dispersive microextraction of acetylderivatives parabens. 

Under the optimal conditions the enrichment coefficients (EC) and the 
extraction recovery (ER) have been calculated. EC and ER were 250-270 and 94% - 
100%  respectively. 

The proposed method was used for the analysis of water samples spiked 
prabens and some pharmaceutical objects. The good accuracy and reproducibility 
were obtained (Sr = 1,6 - 10% for n = 3 and P = 95%).  

 

 
Keywords: dispersive microextraction, parabens. 

P423

605 sur 745

https://mail.univ.kiev.ua/squirrelmail/src/compose.php?send_to=%D0%92%D0%B0%D0%BB%D0%B5%D0%BD%D1%82%D0%B8%D0%BD%D0%B0%20%D0%9B%D0%B5%D0%B2%D1%87%D0%B8%D0%BA%20%3CV_levchuk%40univ.kiev.ua%3E


 
 

DEVELOPMENT OF AN EXTRACTION AND CLEAN-UP METHOD FOR 
PESTICIDES IN SHRIMP 

 
Caroline Martin1, Lamis Yahia-Cherif1, Bérenger Levesque1, Alexia Legeay2, Jérôme Cachot2, 
Philippe Boët1 and Nicolas Mazzella1 
 
1 Laboratoire de Chimie des Eaux, équipe CARMA, unité EABX, IRSTEA Bordeaux, 50 avenue de Verdun 
33612 CESTAS Cedex, France 
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Facultés 33405 TALENCE Cedex, France 

 
Our study deals with an innovative multi-residue extraction and analytical method for 
wide range of moderately hydrophilic and hydrophobic (log Kow=2-4.5) pesticides from 
biological samples: deformed shrimps (Palaemon longirostris) coming from the 
Gironde and the Loire estuaries (France). 
 
The important amount of morphological anomalies observed in this species (around 
80%) could be explained by the environmental conditions, especially the presence of 
pesticides in the estuary for years. The water analysis and accumulated pesticides in 
shrimps, and their comparison would bring a complementary approach of the previous 
studies done on this species (Béguer & al., 20103; Feuillassier & al., 20124). 
 
We develop a new extraction and purification process, based on Accelerated Solvent 
Extraction, followed by purification tested in normal and reverse phase Solid-phase 
extraction in order to evaluate the elimination of co-extracted interfering lipids and the 
preservation of compounds of interest. The extracts are analyzed on 
high-performance liquid chromatography and gas chromatography coupled with 
tandem mass spectrometry, to cover a large range of pesticides, with both and 
physico-chemical properties.  

 
Keywords: Pesticides, biota, ASE, clean-up, LC-MS/MS and GC-MS/MS 
 
 
References:  
3 M. Béguer, L. Feuillassier, P. Elie, P. Boët, M. Girardin, Marine Environmental Research volume 69, 
issue 3 (April 2010) 109-117 
4 L. Feuillassier, M. Béguer, G. Pauliac, P. Boët, M. Girardin, P. Elie, Crustaceana, volume 85, issue 1 
(2012) 11-25 
 

P424

606 sur 745



 
 

NEW OPPORTUNITIES TO INCREASE A DETECTION LIMIT OF ELEMENTAL 
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In recent years increasing attention is being paid to the problems of metal removal 
and determination in oil. The limiting step in the elemental analysis of oil is sample 
preparation. To be accepted, methods of sample preparation for subsequent 
instrumental analysis of oil should be time-efficient, productive, and also ensure the 
minimization of element losses as volatile species and the minimal level of sample 
contamination by reagents and materials use for glassware and equipment. Extraction 
processes are among the more promising methods for separation and remove of 
metals from oil products. At this study the applicability of multistep extraction 
procedure on rotating coiled columns (RCC) for demetallization of oil/oil product 
samples is considered. The combined method for ICP-AES or ICP-MS determination 
of metals in oil was proposed. Using extraction in RCC the recovery and concentration 
of metals (including rare and rare-earth elements) in aqueous solution of mineral acids 
are achieved. The method proposed in this research allows to determine the elements 
couldn’t be detected using standard approaches. 
 

 
Keywords: extraction, demetallization, oil/oil products, ICP-MS, ICP-AES determination 
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ENDOCRINE DISRUPTING PHENOLS IN WATERS 
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Solid-phase microextraction (SPME) is a powerful technique used in analytical 
chemistry to extract and preconcentrate analytes from a wide variety of samples of 
different nature. Given the increasing number of SPME applications, current 
investigations are focused on the development of novel coatings able to improve the 
characteristics of the seven coatings commercially available. 
Among them, polymeric ionic liquids (PILs) constitute a potential alternative as 
sorbent coatings for SPME. PILs present a unique set of properties such as high 
thermal and chemical stability, negligible vapor pressure at room temperature, high 
viscosity, impressive tuneability, and ease of synthesis. Besides, recent investigations 
have shown that crosslinked PILs exhibit high mechanical resistance, which ensures 
increasing fiber stability in direct immersion mode, and also high viscosity, which 
guarantees uniform coatings. 
In this work, the extraction efficiency of novel SPME coatings based on crosslinked 
PILs has been evaluated in a direct-immersion mode, for first time in combination with 
high performance liquid chromatography (HPLC) with diode array detection (DAD). 
The studied crosslinked PIL-based coatings were based on 
1-vinyl-3-hexylimidazolium chloride (ViC6Im-Cl), and 
1-vinylbenzyl-3-hexadecylimidazolium bis[(trifluoromethyl) sulfonyl]imide 
(ViBzC16Im-NTf2]) as IL monomers; and 1,12-di(3-vinylimidazolium) dodecane 
dibromide ((ViIm)2C12-2Br) and 1,12-di(3-vinylbenzylimidazolium) dodecane 
dibis[(trifluoromethyl) sulfonyl] imide ((ViBzIm)2C12-2NTf2) as dicationic IL 
cross-linkers, respectively. Both coatings were supported onto modified nitinol wires 
and included onto a SPME commercial assembly. 
A systematic comparison with commercial SPME coatings has also been carried out. 
All SPME fibers were tested for the determination of five endocrine disruptor phenols 
in environmental water samples, specifically bisphenol A, 4-cumylphenol, 
4-octylphenol, 4-tert-octylphenol and 4-n-nonylphenol. 

 
Keywords: Cross-linked polymeric ionic liquids, Solid-phase microextraction, Novel coatings, 
High-performance liquid chromatography, Environmental monitoring 
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A new technique of stir bar sorptive extraction (SBSE) using stir bar 10 mm long 
coated (50 µm to 175 µm) with hydroxyl modified single-walled carbon nanotubes 
(SWCNTs-OH) was used to determine polycyclic aromatic hydrocarbons (PAHs) in 
water samples. Quantitative HPLC analysis was carried out using a 35 min gradient 
elution and fluorescence detection with excitation and emission wavelengths 
optimized for each compound. Optimization of experimental conditions including 
different extraction and desorption factors was performed. The optimum condition 
were found to be 50 °C and 1 h for adsorption temperature and time respectively, 25 
°C and 15 min for desorption temperature and time respectively,  acetonitrile for 
extraction solvent. Based on the validation study results, the developed method 
showed good performance. The acquired calibration curves were linear (r2 ≥ 0.97) 
over the concentration range from ≤1 to 100 ng L−1. For all of the analytes, the limit of 
detection was below 0.5 ng L−1. Interday precision values for the analytes were 
always <12% and the reproducibility between coated stir bars for extraction of PAHs 
was found acceptable (RSD <12 %). The total recoveries were 88.4 to 96.3%. In 
addition, the coated material showed good solvent and thermal-resistance that is 
especially advantageous to extraction of target compounds exist in aqueous media. 
The developed method was applied to the analysis of PAHs in different water 
samples. One of the samples was found to be polluted with naphthalene. Results of 
the present study demonstrate the feasibility of the SWCNTs as SBSE adsorbent for 
the determination of PAHs in water samples. 

 
Keywords: stir bar sorptive extraction, single-walled carbon nanotubes, polycyclic aromatic 
hydrocarbons, GC-MS 
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Polycyclic aromatic hydrocarbons (PAHs) are widespread contaminants, well-known 
by their carcinogenic, mutagenic, teratogenic, and endocrine disrupting effects. 
Several international organizations have regulated the maximum allowable presence 
of 8 PAHs in drinking waters, down to 100 ng·L-1. Given these levels, sensitive 
methods are clearly required for their monitoring. 
New trends within Analytical Chemistry are devoted to the utilization of 
environmental-friendly procedures, such as microextraction approaches or less toxic 
materials. 
Among them, it results very interesting the miniaturized version of the classical 
solid-phase extraction method, performed in its dispersive mode (µ-DSPE). In 
µ-DSPE the solid sorbent (<500 mg) is directly put in contact with the aqueous sample 
containing the target analytes, and dispersed with the aid of stirring, ultrasounds or 
vortex to facilitate the transfer of the analytes. It is possible to separate the extracted 
analytes linked to the sorbent from the remaining aqueous phase with the aid of 
magnet if the solid sorbent is associated with magnetic nanoparticles (MNPs), without 
any further centrifugation or filtration step. Afterwards, a simple elution step of 
analytes form the sorbent is undertaken. 
Metal-organic frameworks (MOFs) are porous hybrid materials composed by metal 
ions and organic linkers, presenting the highest surface area known. These unique 
characteristics make them promising agents as extraction materials. 
This work proposes an extraction method using the MOF HKUST-1 as extraction 
sorbent in combination with MNPs of α-Fe3O4 in a magnetic-assisted µ-DSPE method 
followed by ultra-high-performance liquid chromatography (UHPLC) and fluorescence 
detection (FD) to determine a group of heavy PAHs in waters. 

 
Keywords: Sample preparation, PAHs, µ-DSPE, UHPLC, environmental monitoring 
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Permeation liquid membrane (PLM) extraction devices have been recently used to 
emulate heavy metals extraction in biological systems and predict the bioavailability of 
metals by microorganism under specific environmental conditions. However in natural 
water there are many factors that can disturb the speciation of metals, such as: pH, 
organic matter, inorganic ligands, concomitants ions, etc. In this study the 
bioavailability of Cu (II) evaluated through the use of both Hollow Fiber PLM devices 
and two strains of microalgae (Scenedesmus acutus and Pseudokirchneriella 
subcapitata) was compared through a 24 experimental design array to determinate the 
influence of 4 factors: pH, humic acids, citrates and calcium in synthetic water. In 
addition the influence of inorganic ligands (chlorides, sulfates, phosphates, 
carbonates and nitrates), and concomitants cations (zinc, iron, magnesium, aluminum 
and potassium) was evaluated in separate experiments. According with the 
experimental design results a good correlation with both strains of microalga and PLM 
module was observed. The S. acutus strain showed a similar influence of pH, organic 
ligands (humic acids and citrate) and presence of phosphates and carbonates as the 
PLM module, decreasing such factors Cu (II) bioavailability significantly. On the 
contrary the P. subcapitata strain shown an increase of this parameter with the 
augment of pH. No effect of the concomitant cations on Cu (II) bioavailability was 
observed. Through this study the ability of Hollow Fiber PLM to emulate the extraction 
of metals under the influence of several factors in aquatic systems (synthetic medium) 
using two biological references was demonstrated.  
 

 
Keywords: Bioavailability, Copper, membrane, microalgae  
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The gadolinium (Gd)-based contrast agents are a class of compounds used in 
magnetic resonance imaging as contrast agents because this metal has paramagnetic 
properties. Although these compounds are apparently free of toxic effects, it has 
emerged a clinical condition called Nephrogenic Systemic Fibrosis, especially in 
patients with renal insufficiency. As there is not a relatively inexpensive method for 
determination of gadolinium, this paper proposes a simple spectrophotometric method, 
inexpensive and sensitive for determination of gadolinium. The basic pH between 8 
and 9 was more efficient for the complexation of gadolinium with piridil azo naftol 
(PAN). The determination of the complexes (Gd-PAN) were made with scanning 
spectrophotometer from 350 to 700nm. The optimization of experimental conditions for 
cloud point extraction and pre concentration of Gd using the 23 full factorial design and 
the Doehlert design was applied. From the optimization experiments were chosen the 
values of maximum extraction complex (2.7 mg L-1 PAN and 0.04% m/v Triton X-114). 
A good linearity was found in 555 nm, with a correlation coefficient of 0.999. The cloud 
point extraction exhibited low limit of detection and quantification, 1.0 and 3.2 μg L-1 
respectively, being efficient for the determination of low concentrations of gadolinium 
in µgL-1 levels, showing also good sensitivity, besides a great enrichment factor. The 
spectrophotometric method was applied in the analysis of (Gd)-based contrast by 
comparing with the value of the manufacturer's package, with concordance of 88 ± 8%.  

 
Keywords: spectrophotometric method; gadolinium; optimization.  
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Sample preparation is a crucial step in any analytical method development. It 
is as important for the success of the method as the chromatographic 
conditions used for determination of assay and purity of pharmaceutical 
products. 
Analysis of ointment products can be challenging and may require a complex 
extraction methodology for sample preparation. The aim is to develop a 
simple and practical methodology, such as mixing or shaking using a polar 
organic solvent compatible with the chromatographic conditions and the 
desired detection technique.   
The main challenge is to ensure that the API and additives such as 
antioxidants are fully extracted from the matrix, which is often practically 
insoluble in polar organic solvents or organic/aqueous mixtures. If an 
extraction methodology affords assay results close to 100%, can we be 
confident that extraction was complete? 
During preliminary development of a new ointment product, several 
formulations were assessed at release and during storage for 6 months at 
25°C and 40°C. Problems with extractions occurred with one of the 
formulations stored at 25°C, resulting in differences in assay between 
duplicate preparations and erratic assay values.  
As no concerns regarding stability, homogeneity or human error existed, 
variability was attributed to insufficient extraction. 
The experiments included extraction with various solvents, different 
mechanical forces, and varying extraction duration and temperature in order 
to develop a method for complete extraction of the API and antioxidant from 
the matrix.  

 
Keywords: sample preparation, extraction, ointment formulation  
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In this study, a mesoporous chemosensor was developed for colorimetric detection 
and removal of Cu(II) ions from water samples. Mesoporous silica was prepared 
under basic condition by using hexadecyltrimethylammoniumbromide and sodium 
silicate solution by means of sol–gel method. Mesoporous silica particles were 
modified with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (PADAP) and used as a 
colorimetric adsorbent (Si-PADAP) for detection and removal of Cu(II) ions. The 
resulting material (Si-PADAP) has been characterized by FT-IR, SEM, EDX and 
elemental analysis.  
 
The adsorption behaviour of Cu(II) ions on the Si-PADAP particles was evaluated. 
The experimental conditions were optimized based on contact time, solution pH, initial 
Cu(II) concentration and diverse metal ion concentrations. Under the optimum 
conditions, maximum adsorption capacity of Si-PADAP particles was found to be 36.7 
mg/g for Cu(II).  
 
After addition of Cu(II) to the Si-PADAP particles, color change has been observed. 
The color change was evaluated by diffuse reflectance measurements. The 
concentration of Cu(II) was determined using the Kubelka–Munk function calculated 
from the diffuse reflectance spectrum of the Si-PADAP surface. The linear calibration 
range is 0.5-100 g/L for this method. The adsorbent is highly sensitive and the limit of 
detection is 0.2 g/L for Cu(II) ions. Therefore, using this adsorbent, Cu(II) 
concentration can be monitored by a single process step without the need for 
sophisticated instruments.  

 
Keywords: Cu(II), water samples, colorimetric detection, removal  
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The elevated level of heavy metals in water presents a serious risk to human health 
and ecological systems. Lead and cadmium are toxic pollutants and they exert 
harmful effect on the environmental and human health. Several materials have been 
investigated as effective adsorbents to remove metal ions from water. Mesoporous 
materials, having large surface area and uniform pore distribution, have been 
extensively studied for adsorption and separation process. The mesoporous inorganic 
silica has been modified with various organic groups for effective adsorption of heavy 
metal ions. The present work aims to develop ligand functionalized mesoporous silica 
adsorbent for Pb(II) and Cd(II) ions removal from water samples. For that purpose, 
mesoporous silica particles were synthesized and the functional group 
2-amino-4-chlorobenzenethiol was attached onto a silica surface through an 
organosilane reaction. It was characterized by FT-IR, scanning electron microscope 
(SEM), energy dispersive X-ray spectroscopy (EDX) and elemental analysis. 
Adsorption experiments were carried out using batch method. The removal efficiency 
was carried out as a function of solution pH, adsorption time, initial metal ions 
concentration, and co-existing ions. The obtained maximum adsorption capacity for 
Pb(II) and Cd(II) is 243 mg/g and 283 mg/g, respectively. 

 
Keywords: Pb(II), Cd(II), Adsorption, Mesoporous silica 
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Biogas is a natural gas, rich in methane, produced by microorganisms during 
degradation processes in landfills and sewage treatment plants.  This natural by-
product is becoming increasingly important as a widely available, inexpensive energy 
source, particularly for the production of electricity.   
The electricity is produced by large gas motors coupled with generators.  One quite 
significant problem became apparent during implementation of this process.  Inorganic 
residues from the combustion of biogas caused serious motor damage after prolonged 
use.  The principal source was discovered to be volatile organic silicone compounds, 
better known as siloxanes, particularly the cyclic compounds D4 and D5, present in 
concentrations in a magnitude of mg/m3.   
The state-of-the-art method for overcoming this problem is to use activated charcoal 
for non-continuous adsorption of the siloxanes.  Unfortunately, many other compo-
nents of biogas, such as water, hydrocarbons, sulfur-containing substances, etc., have 
a negative impact on the desired cleaning effect.  It is thus impossible to calculate the 
service life of a charcoal cleaning device for biogas with different compositions.  From 
an economical point of view, however, it is vital to renew the charcoal at the optimum 
time. 
This presentation provides a detailed overview of all parameters in the biogas and 
their influence on the adsorption capacity of the charcoal.  Initially, data from sewage 
treatment plants are presented, showing the semi-continuous concentration profile of 
the siloxanes over a period of months before and after cleaning.  These data are 
compared with the quantity of adsorbed siloxanes on the activated charcoal in the 
cleaning device and discussed. 

 
Keywords: Biogas, Sewage Treatment Plant, Siloxanes, Cleaning of Biogas, Activated 
Charcoal, Calculation of Lifetime, GCMS.  
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FOURIER TRANSFORM INFRARED SPECTROSCOPIC (SDME/DRS-FTIR) 
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Molybdenum is an important micronutrient present in plant, human and animal tissue 
as well as a toxicant depending upon its extent presence in different environmental 
forms. In the present work we employed a new single-drop micro-extraction combined 
with diffuse reflectance Fourier transform infrared spectroscopy (SDME/DRS-FTIR) for 
the trace determination of nanogram level molybdenum(VI). As metaloxy anionic 
species i.e. molybdate (MoO42–) in the form of molybdate-Hydroxyamidine 
(Mo(VI):HOA) complex in single drop of dichloromethane containing N1-Hydroxy-
N1,N2-diphenylbenzamidine (HOA)  in acidic medium. The most steady and the 
strongest characteristics vibrational IR peak at 911±2 cm–1 (1ט) is selected for the 
quantitative analysis of molybdenum(VI). Nitrogen and oxygen atoms of HOA bind 
with molybdate and form a selective 1:2, Mo(VI):HOA complex in acidic medium. Here 
we discussed the chemistry of pure molybdate and that of its HOA complex through 
FTIR spectra. The limit of detection (LoD) and limit of quantification (LoQ) of method 
are found to be 10 ng mL–1 and 33 ng mL–1 respectively. The standard deviation (SD), 
at a level of 10 ng Mo/mL aqueous phase for n=10 is found to be 0.013 ng mL–1.  

Keyword: Single-drop micro-extraction, diffuse reflectance spectroscopy, Hydroxyamidine, 
Mo(VI):HOA complex. 
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The use of carbon nanotubes (CNTs) as sorbents for diverse extraction procedures 
has gained importance in Analytical Chemistry over the last years since these 
materials allow the selective extraction of inorganic and organic compounds due to 
their small size and extremely high surface area. One of the procedures most 
commonly used is solid-phase extraction (SPE) although it can often be time 
consuming, especially when high sample volumes are required. However, the 
so-called dispersive-SPE (dSPE) approach offers an interesting and faster alternative, 
without losing its high extraction efficiency. In this case, analytes are directly extracted 
in the bulk solution usually assisted by agitation, avoiding the necessity of previous 
conditioning. 
 
In this work, a dSPE method based on the use of pristine MWCNTs with an average 
diameter of 110-170 nm and 5-9 µm of length has been proposed for the extraction of 
a group of 11 estrogenic compounds including three natural (i.e. estrone, 
17α-estradiol and 17β-estradiol), two synthetic (i.e. ethynylestradiol, and hexestrol) 
and six mycoestrogens (i.e. zearalanone, zearalenone, α-zearalanol, β- zearalanol, 
α-zearalenol and β-zearalenol) and their subsequent determination by 
high-performance liquid chromatography (HPLC) with mass spectrometry (MS) 
detection. Parameters that affect the extraction efficiency such as sample pH, sorbent 
amount, elution solvent and volume, among others, were evaluated by means of a 
step-by-step approach with the aim to obtain the best extraction conditions. The 
methodology was validated for different water samples obtaining limits of detection in 
the µg/L range with recoveries in the range 70-120% and relative standard deviations 
below 20%. 

 
Keywords: carbon nanotubes, dispersive solid phase extraction, estrogenic compounds 
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Lovastatin is the first commercially available inhibitor of 3-hydroxy-3-methylglutaryl 
coenzyme A reductase. This cholesterol-lowering drug is the only therapeutically used 
statin which is also found in nature, particularly in mushrooms and fermented food 
such as red yeast rice. It is produced as a secondary metabolite by Aspergillus terreus, 
Monascus ruber and also by some other filamentous fungi. Statins exist in lactone 
(prodrug) and open hydroxy-acid (active) form and the interconversion between them 
is observed both in vivo and in vitro. Therefore, both forms of statins must be 
monitored simultaneously. 
Analysis of lovastatin and its hydroxy-acid form contained in edible mushroom 
samples was performed using ultra-high performance liquid chromatography coupled 
to mass spectrometry (UHPLC-MS). Despite all the advantages that UHPLC-MS 
brings, it suffers from a major drawback called matrix effects. Molecularly imprinted 
solid-phase extraction (MISPE) was employed for sample preparation due to its ability 
to clean-up complex matrices and to avoid matrix effect phenomena. Molecularly 
imprinted polymers (MIPs) are synthetic materials possessing specific recognition 
sites (cavities) that are "tailor-made" for a target analyte. The acrylic based MISPE 
sorbent was prepared using semisynthetic analogue of lovastatin (simvastatin) as a 
template molecule. SPE procedures were performed on both molecularly imprinted 
and non-imprinted polymer (NIP) at the same time to confirm the presence of 
imprinted cavities. NIP was prepared according to the same procedure as MIP, except 
that no template was added to the polymerization mixture. First, the extraction 
procedure was developed in pure medium and then applied to the real sample 
analysis. 

 
Keywords: lovastatin; molecularly imprinted polymers; solid-phase extraction; UHPLC-MS 
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SYNTHESIS AND CHARACTERIZATION OF MAGNETIC MOLECULARLY 
IMPRINTED POLYMERS FOR EXTRACTION OF PHENOLIC ACIDS 

 

Paniz Tashakkori1, Pelin Erdem2, Serap Seyhan Bozkurt2 

  

1 Dokuz Eylul University, The Graduate School of Natural and Applied Sciences, 35160, Izmir, Turkey 
2Dokuz Eylul University, Faculty of Science, Chemistry Department, 35160, Izmir, Turkey 
 

Phenolic acids known as secondary metabolites are contribution to the taste, colour and 
nutritional properties of fruits and vegetables. These compounds known as food 
component lead unwanted color changes known as loss of quality. The consumption of 
these foods gives rise to toxic effects in humans. Thus the analysis of phenolic acids in 
different matrixes is important. But these compounds must be separated and 
preconcentrated from analytical matrix before their analysis [1]. Magnetic molecularly 
imprinted polymers are usually used for the isolation and clean-up of various analytes in 
different matrixes in recent years. These polymers have interested attentions due to their 
favorable features, predetermined recognition capability, high selectivity, reusability, high 
capacity, mechanical and chemical stability, and potential application to a broad range of 
target molecules [2,3].The aim of the present work was to synthesize 1-allyl-3-
ethylimidazolium tetrachloroferrate ionic liquid and use as functional monomer for the 
preparation of magnetic molecularly imprinted polymers for phenolic acids. Prepared 
polymers have been characterized by FTIR, scanning electron microscopy and thermal 
properties of the sorbents have been investigated thermogravimetric analysis. Then these 
sorbents have been used for extraction of gallic acid, protocatechuic acid, caffeic acid, 
chlorogenic acid, p-coumaric acid and ferulic acid. The phenolic acids were determined 
by HPLC after extraction.  

Keywords: ionic liquid, magnetic molecularly imprinted polymer, phenolic acid, HPLC. 
Acknowledgements: The authors would also like to thank TUBITAK financially supported by 
project 113Z679. 
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Several methods are being developed for the control of phenolic compounds in foods 
because of their toxic effects in human. One of the methods used for the separation of 
phenolic acids in food products is adsorption. Adsorption is a well-known removal 
technique for organic compounds [1] due to its simple design and relatively low cost. 
Moreover, these methods are normally non-selective and this has led to continue 
searching for more reliable, cost-effective and highly selective materials for removal of 
organic molecules [2]. Molecular imprinted polymers are widely used in various fields 
including preconcentration and separation technologies [3]. In this study, magnetic ionic 
liquid (1-allyl-3-buthylimidazolium tetrachloroferrate) was synthesized and used as 
functional monomer in the preparation of molecular imprinted polymer. Gallic acid was 
used as template molecule. The magnetic molecularly imprinted sorbent was obtained by 
removing the template molecule from polymeric structure The sorbent was characterized 
by SEM, FTIR and TGA and used to evaluate the influences of adsorption parameters 
(pH, contact time, initial concentrations, adsorbent amount and temperature) for 
adsorption of phenolic acids (gallic acid, caffeic acid, p-coumaric acid and ferulic acid). 
Also, the kinetic and isotherm model that best described the adsorption process of 
magnetic molecularly imprinted polymer was investigated.  

Keywords: magnetic ionic liquid, molecularly imprinted polymer, phenolic acid, adsorption. 
Acknowledgements: The authors would also like to thank TUBITAK financially supported by 
project 113Z679. 
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Contamination of water sources with heavy metals is a major concern in 
developing countries . Due to the toxicity and carcinogenicity of heavy metal ions, they 
present a threat to human health and the environment when they exist in various water 
resources . Increasing concentrations of heavy metals in the water sources constitute 
a severe health hazard mainly due to their nondegradability (chemical, biological and 
thermal) and toxicity in environment. Some heavy metals such as chromium Cr (III) 
and Cr (VI), copper (Cu),lead (Pb), manganese (Mn), mercury (Hg), cadmium (Cd), 
Arsenic (As)(V) etc. are known to be significantly toxic. As(V)  is one of the most toxic 
and ubiquitous element for human health and the environment . As(V) removal from 
water sources and even drinking water systems has become very important for several 
years. The removal of As(V)  from wastewaters have been extensively investigated by 
applying several methods. The major treatment technologies for the removal of As(V)  
include chemical precipitation, membrane filtration, adsorption and ion exchange 
processes. Among them, ion exchange and adsorption are the most widely studied 
treatment technologies due to the efficiency in aqueous solutions. In particular, the 
amino groups on an adsorbent have been found to be one of the most effective 
chelating groups especially for the adsorption of As(V) ions from  aqueous solutions[1]. 
Recently, wide range of weak-base anion-change adsorbents that contain amine 
functional groups  have been extensively studied for As(V)  adsorption [2]. 

In these study, Lewatit VP OC 1065 weak-base anion exchange resin for adsorption 
of As(V) was studied. Weak-base resin structure were characterized by FTIR, XPS and 
SEM techniques. The effect of solution pH, contact time, initial As(V) ion concentration 
on the adsorption capacity of the resins were investigated.  

Keywords: Arsenic(V), adsorption, , Lewatit VP OC 1065  , weak-base anion 
exchange resin 
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 A rapid, sensitive and efficient analytical method based on the use of ionic liquids 
for determination of non-steroidal anti-inflammatory drugs in water samples was 
developed. High-performance liquid chromatography - diode array detector was used 
for quantification of ketoprofen, naproxen and diclofenac sodic. This new approach 
relies on the use of two ionic liquids with multiple functionalities: one functions as an 
extraction solvent (1-hexyl-3-methylimidazolium hexafluorophosphate ([C6MIM][PF6]), 
and the other changes the polarity in the aqueous medium 
(1-butyl-3-methylimidazolium tetrafluoroborate, ([BMIM][BF4]). Factors such as the 
type and volume of the extraction IL, sample volume, and agitation time were 
optimized. Our results also indicated that using [BMIM][BF4] as an additional 
semipolar IL can further increase the efficiency of the extraction process, through 
changing the polarity of the extraction system and decreasing the miscibility of the 
analytes in the aqueous phase. The newly method exhibited a large linear range and 
good repeatability, precision, and accuracy for the three studied drugs. It also 
provided several other advantages, such as a good enrichment factor, simplified and 
fast operation, and very low consumption of organic solvent. The optimized method 
exhibited good precision, with relative standard deviation values between 2% and 3%, 
for the three NSAIDs. Limits of detection achieved were between 17 and 95 ng mL−1, 
and the recoveries ranged from 89% to 103%. Furthermore, the enrichment factors 
ranged from 49 to 57 and fast operation, and very low consumption of organic solvent. 
The proposed method was successfully applied to the analysis of NSAIDs in water 
samples. 
 

 
Keywords: Ionic liquids, Dispersive liquid-liquid microextraction, NSAIDs, High performance 
liquid chromatography 
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The utilisation of biosensors as analytical instrumentation is becoming increasingly 
popular due to their generally lower cost, rapid response and on-site applicability. This 
paper describes the fabrication and application of an inhibition-based enzyme 
biosensor proposed for environmental monitoring and assessment of Pb (II) ions in 
aqueous solution. A maize tassel- multiwalled carbon nanotube (MT-MWCNT) 
composite material was prepared and used to immobilize horseradish peroxidase 
(HRP) on a glassy carbon electrode (GCE) to produce a biosensor responsive to 
H2O2. The biosensor was incubated in Pb (II) solutions and the inhibited cathodic 
response determined amperometrically. The response was linear (R2 > 0.99) over the 
concentration range 0.092 – 0.55 mg Pb2+/L, with a limit of detection (LOD) of 2.3 
µg/L. A relative error of 7.93 % was obtained for Pb2+ when the biosensing technique 
was validated using a standard reference material. Recoveries of 96-104% were 
obtained when applied to the measurement of Pb2+ in tap water. The fabricated 
biosensor exhibited good stability, repeatability and reproducibility.  
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BUTYRYLCHOLINESTERASE BIOSENSOR FOR PARAOXON DETECTION 
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Cholinesterase (ChE) biosensor based on the use of hybrid nanocomposite Carbon Black 

nanoparticles/Cobalt Phthalocyanine (CB/CoPc) is designed. Herein, CB is proposed as a 

novel supporting material for CoPc loading in order to obtain a stable dispersion for 

modifying screen-printed electrodes (SPEs) by facile and automatable drop casting method. 

The obtained CB/CoPc nanocomposite was characterized by IR and UV-visible 

spectroscopies, which indicate a weak physisorption interaction between the two components 

that allows to maintain the electrochemical properties of CoPc. The novel hybrid 

nanocomposite displays a marked electrocatalytic activity towards oxidation of thiocholine, 

ChE enzymatic product, at low applied potential (+50 mV (vs. Ag/AgCl)) and exploiting a 

low detection limit (LOD equal to 4 µM) without fouling problem. Subsequently, 

Butyrylcholinesterase (BChE) was immobilized onto CB/CoPc-SPE and the resulting 

biosensor was employed for organophosphorus pesticide detection. Exposure to the model 

target analyte (paraoxon) resulted in a decrease of response, allowing label-free detection and 

quantification of paraoxon at low concentration (nM levels) in a simple and reliable manner. 

The suitability of the biosensor was challenged in waste water samples obtaining satisfactory 

recovery values, thus demonstrating its suitability in such complex matrices. 

 
Keywords: Carbon Black; Cobalt Phthalocyanine, Screen-printed electrode; 
Butyrylcholinesterase; Inhibition, Paraoxon 
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Among various groups of biosensors, sensors with receptor layers containing nucleic 
acids (most notably DNA) are gaining significant attention. DNA-based biosensors are 
typically used for the determination of specific nucleic acid sequences, which are 
important for diagnosis of certain genetic and infectious diseases or for tracing the 
genetically modified foods. However, DNA sensors can be also used for the 
determination of other analytes, including metal ions, simple organic compounds or 
peptides.  
In this work the development of DNA-modified electrodes for the determination of lead 
cation is described. The performance of anionic (AQMS) and cationic (methylene 
blue) redox markers for this aim is compared. It was shown that the use of anionic 
marker resulted in significantly better analytical parameters, as compared to 
measurements with cationic marker. The optimized sensor distinguished itself with 
high selectivity towards lead cation and lower detection limit of 0.42·10-8 mol·L-1. 
Moreover, the interactions between lead ion and DNA strands were studied using 
electrochemical impedance spectroscopy (EIS) and surface plasmon resonance with 
imaging (SPRi). 

 
Keywords: Electrochemical sensors, DNA-based biosensors, Metal ion determination 
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Phosphorothioate oligonucleotide (PTO) is one of DNA analogues in which 
non-binding oxygen atom in phosphodiester backbone is replaced by sulfur atom. 
This artificial oligonucleotide binds with complementary strand with high specificity but 
its affinity is limited. Moreover, PTOs are more resistant to restriction enzyme that 
unmodified nucleic acid.  
Most of reported and developed DNA biosensors is based on anchoring of 
oligonucleotide to gold surface through thiol moiety. PTOs enable anchoring to gold 
surface via phosphorothioate linkers, present in its backbone. This approach can be 
advantageous due to lack of the necessity of chemical activation before use, low cost 
and simplicity of synthesis. 
In this work, the feasibility of using gold electrodes modified with phosphorothioated 
oligonucleotides for determination of uranyl cation is described. Interaction between 
UO22+ and receptor layer (PTO) was studied using square wave voltammetry (SWV) 
and electrochemical impedance spectroscopy (EIS). It was shown that the sensor 
sensitivity is highly dependent on the incubation time of sensor in a sample solution. 
The methylene blue was used as a redox marker for analytical signal generation and 
the changes in current signal were proportional to the uranyl ion concentration in the 
range from 10-9 mol·L-1 to 10-7 mol·L-1. The lower detection limit of 1.5·10-8 mol·L-1 for 
UO22+ was registered for a sample incubation time of 60 min. The developed 
biosensor demonstrated high selectivity towards UO22+ ion with minor interference 
from other metal ions. 

 
Keywords: Electrochemical sensors, Phosphorothioated oligonucleotide, Metal ion 
determination, Uranyl cation. 
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Adulteration of dairy products, especially involving milk products contaminated with 
melamine (1,3,5-triazine-2,4,6-triamine) have created a widespread food safety 
concern. Due to the serious health concerns associated with melamine consumption 
rapid, inexpensive, and sensitive methods to detect melamine are essential. The 
speed and portability are important features required by new analytical methodologies 
concerning the detection of contaminants / adulterants in food. In this context, this 
study aims to test the applicability of a software on line free (GIMP 2.8) in the 
treatment of images obtained in a touch plate, from a mobile device, and correlate 
these data with the concentration of contaminant melamine. Colorimetric gold 
nanoparticles sensor was developed for determination of melamine. This technique is 
the indirect colorimetry, which is measured in the intensity of light reflected by the 
solution, addressing the RGB color model. This is a low cost method, which requires 
microliters of reagents, an important factor when working with expensive materials or 
high-grade toxicity satisfying in this way, some principles of Green Chemistry. The 
quantification of analyte was performed work from the calibration curve method (Abs = 
- 0.12389 - 0.46697.Cmelamine; R = - 0.987), which was constructed by a linear track 
Working from 0.3 to 0.7 mg L-1 having an RSD < 8% LOD =0.0729 and LOQ = 0.2431. 
Further tests will be conducted with real food samples contaminated with melamine. 
 
 
Keywords: Melamine, Gold Nanoparticles, Digital Image, colorimetry. 
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The great interest in nanotechnology had led the fabrication of nanomaterials with 
exceptional properties opening new routes in the analytical field. Fluorescent 
nanoparticles (NPs) have attracted a great attention, being semiconductor Quantum 
Dots (QDs) the most used since its discovery in 1980 in a wide range of applications 
owing to their high quantum yield, high lifetime values or electron carriage; however, 
their high toxicity makes them not suitable for biological systems, and so new 
alternatives had been developed in the last years, in which carbon quantum dots 
(CQDs) and graphene quantum dots (GQDs), discovered in 2004 and 2010, 
respectively, were considered as less toxic nanodots with excellent fluorescent 
properties that makes them suitable for biological and analytical applications. Both 
types of carbon nanodots exhibit a carbonaceous nature and high water solubility, 
good biocompatibility and low photobleaching, being a good alternative to the 
conventional semiconductor QDs.  
 
This communication will discuss the similarities and differences of semiconductor QDs, 
and carbonaceous CQDs and GQDs based in their morphology like in size and shape, 
based on their nature, synthesis, hybridization, quantum confinement, fluorescent 
features, lifetimes and toxicity. A comparison of these nanodots as tools and analytes 
is also presented focusing on the number of analytical and bioanalytical applications 
and developed nanotechnologies. Finally, a third facet of the analytical nanoscience 
and nanotechnology (AN&N) has been developed, in which these fluorescent 
nanodots are used as analytical tools for the determination of other nanomaterials.  
 

 
Keywords: fluorescent nanoparticles, quantum dot, AN&N 
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SYNTHESIS AND ELECTROCHEMICAL INVESTIGATION OF A SOL–GEL 
IMPRINTED MATERIAL FOR SENSING APPLICATION OF SOME 

BIOLOGICALLY ACTIVE MOLECULES 

Sevgi Güney 

Istanbul Technical University, Department of Chemistry, 34469, Maslak, Istanbul, Turkey 

Molecularly imprinted polymers (MIPs) have been developed as a new method for 

electrochemical sensor devices that enables the creation of tailor-made binding sites 

for specific molecules. In the synthesis process of MIPs, a target molecule (template) 

is added in monomer solution and the polymer network is formed around the 

template.  The removal of the template molecule from the polymer matrix creates a 

binding cavity that is complementary in shape and size to the template molecule and 

is lined with properly positioned recognition groups.  

The term of sol-gel ascribe to a procedure by which inorganic (siloxane) based 

polymers are synthesized. The dispersion of colloidal particles is a “sol” and an 

interconnected polymeric network formed by the assembly of the sol is known as 

“gel”. Sol-gel based MIPs, can easily control the porosity, surface area and thickness, 

while the diffusion and selectivity were even better, making sol-gel technique suitable 

for the fabrication of electrochemical sensors, compared with acrylic polymer based 

films [1].   

In this study a novel imprinted sol-gel material was synthesized and its 

electrochemical properties was investigated for sensing application of some 

biologically active molecules. The sensitivity and selectivity of the sensor toward 

target molecule was evaluated upon solution parameters. 

Keywords: Sol-gel, molecular imprinting, electrochemical sensor, selective sensing. 
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There has been a growing interest in the development and application of ion imprinted 
sol-gel derived fluorescent materials for the detection and removal of metal ions due 
to their side effects on aquatic life and human health. Sol-gel chemistry is one of the 
basic instruments for self-assembly and has become a very sophisticated tool which 
opens the door to new generations of materials for sensor systems. Sol–gel 
technology is well suited for such integrated chemical sensing of solutions offering a 
simple one pot synthesis of the functional material and which at the same time is 
compatible with different deposition techniques such as spin-, dip-, and spray-coating. 
 
Molecular imprinting is becoming a well-established technique for the preparation of 
sensing materials that have the ability to recognize a specific chemical species. 
Molecularly-imprinted polymers (MIPs) are materials prepared in the presence of a 
template that serves as a mold for the formation of a template-complementary binding 
site. Because of the high degree of cross-linking, MIPs obtained are thermally stable, 
extremely rigid and structurally porous. In addition, the sol-gel process benefits the 
formation of thin films of MIPs on certain substrates with controllable thickness.  
 
In this work, fluorescent imprinting sensor arrays based on ion imprinted sol-gel were 
reported. The corresponding selectivity factors of the imprinted fluorescent sensors 
toward target metal ions against the other analogues were evaluated. The design, 
synthesis and characterization of such ion imprinted sol-gel materials and their 
applicability to selective determination of metal ions were described and discussed in 
detail. 

 
Keywords: Ion-imprinting, Fluorescence sensing, Detection of metal ions, Chemosensor  
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In recent decades, electrochemical biosensors for monitoring DNA damage causing 
many genetic diseases have become one of the most important DNA research field. 
They have been successfully used, among others, for studies of the supramolecular 
interactions of DNA with hazardous organic compounds [1]. Recently, a novel type of 
electrochemical DNA biosensor based on a glassy carbon electrode (dsDNA/GCE) 
has been characterized using a combination of several voltammetric techniques [2]. 
More specific information, which will be presented in this contribution, were gained 
using modern advanced imaging techniques, such as scanning electrochemical 
microscopy (SECM), profilometry (laser microscopy) and optical microscopy. 
 
SECM is an attractive technique for investigation of heterogeneity in electrochemical 
activity of electrode surfaces [3]. Both the bare GCE surface and the dsDNA-modified 
GCE surface were investigated in a specially arranged miniaturized SECM cell, when 
different electrochemical redox mediators (ferrocene methanol, Ru(III) complex and 
ferrocyanide/ferricyanide complex) were tested. The presence of the dsDNA layer on 
the GCE surface caused a decrease in conductivity of the surface. 
 
This research was carried out in the framework of the Specific University Research 
(SVV). A.H. thanks the Grant Agency of the Charles University in Prague (Project 
GAUK 430214/2014/B-CH/PrF) and V.V. thanks the Grant Agency of the Czech 
Republic (Project GP13-23337P) for the financial support. 
 
[1] J. Labuda, V. Vyskocil, Encyclopedia of Applied Electrochemistry (2014) 346–349. 
[2] A. Hajkova, J. Barek, V. Vyskocil, Electroanalysis 27 (2015) 101–110. 
[3] S. Bergner, P. Vatsyayan, F.-M. Matysik, Analytical Chimica Acta 775 (2013) 1–13. 
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Dopamine is one of the essential catecholamine neurotransmitters, which has an 
impact on the cardiovascular, hormonal and nervous system. The abnormal levels of 
dopamine can lead to the serious neural diseases such as Parkinson’s disease, 
ADHD and Schizophrenia. As the dopamine is an electroactive compound, 
voltammetric techniques became the most frequently applied methods for its 
detection. Recently, it was shown that dopamine can be determined with the use of 
RNA aptamer as the receptor layer in biosensors. Furthermore, it was proved that the 
DNA aptamer sequence exhibits higher affinity towards dopamine (0.7 μmol L-1) than 
the RNA analogue (1.6 μmol L-1). 
 
The aim of the presented work was the examination of the possibility of use of DNA 
aptamer as the receptor layer in the biosensor for the determination of dopamine (DA). 
The proposed aptasensor operates via specific interaction between aptamer 
sequence immobilized on the gold disk electrode and dopamine. DA was detected 
without use of any external redox label by the voltammetric analysis of dopamine 
oxidation current, which was proportional to the dopamine concentration in the range 
from 0.05 to 1 mM. This label – free assay exhibited high selectivity towards dopamine 
and the presence of other interferents had a negligible influence on biosensor’s 
response. The calculated limit of detection for the aptasensor was of 26.8 μmol L-1. 
Further improvement of analytical parameters of the aptasensor was achieved by 
utilization of aptamer/ graphene/AuNPs – modified GCE. 
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Chromium is notable for different toxicity depending on its oxidation state. Cr(III) is 
considered crucial for human health, as it affects the metabolism of glucose, lipids and 
proteins. On contrary, Cr(VI) has mutagenic, genotoxic and carcinogenic properties. 
The toxicity and cancerogenous effect of Cr(VI) arises mainly from is its high oxidation 
potential and the ability to oxidize biological species, including DNA. Serious damage 
to DNA is often caused by reactive oxygen species (ROS) like hydroxyl and 
superoxide radicals that oxidize the DNA bases and deoxyribose, which eventually 
leads to the release of the bases and strand breaks. Certain metal cations can 
indirectly cause DNA damage by promoting the generation of radicals in the presence 
of some reducing agents, e.g. ascorbate. Thus, the development of methods for the 
assessment of DNA damage caused by metal cations is of great importance.  
Typically, electrophoretic techniques are used for this purpose, however these 
methods are generally time-consuming and require expensive equipment. 
Alternatively, electrochemical techniques can be used for the detection of DNA 
damage, as they offer rapid analysis, low detection limits and ease of miniaturization. 
 
In this work the DNA damage induced by chromium(VI) was examined with the use of 
gold disk electrodes modified with dsDNA. The developed assay relies on the change 
of the reduction current of a redox indicator - methylene blue (MB) before and after 
incubation in potassium chromate solution. The degrading effect of Cr(VI) on dsDNA 
layer was also observed with the use of quartz crystal microbalance (QCM) 
measurements.  

 
Keywords: DNA damage, Electrochemical sensors, Chromium(VI), Redox indicator 
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Copper is important as an essential trace element in environmental and biological systems 
and plays an important role in many of the physiological processes in the human system. 
Both deficiency and high levels of copper can cause serious disease to human life. While a 
copper deficiency causes Menke’s and Wilson’s diseases, high concentration level copper 
ions in the liver cause idiopathic copper toxicosis syndrome, Alzheimer’s disease, 
cardiovascular disease. Because of this stituations selective and sensitive detection of 
copper(II) is of great importance.  

Herein, we described a new “turn-off“ fluorescent sensor for copper(II) ion based on 6,7-
dihidroxy-3-(3-chlorofenyl) coumarin. The highest fluorescence quenching was observed in 
the presence of copper (II) ions. The sensor showed effective and selective detection of 
copper(II) at a low detection limit and also displayed unique selectivity toward copper (II) ion 
with respect to other common metal cations. 

 

 

 
Fig. 1. Photographs of the fluorescence of 6,7-dihidroxy-3-(3-chlorofenyl) coumarin in the presence of 
various metal ions in acetonitrile. 

 

KEY WORDS: Fluorescent, Sensor, Cu(II) ions 
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Bisphenol A (BPA) is a chemical substance widely used as a stabilizing material in the 
manufacturing processes of polycarbonate plastics, polyacrylate, polyetherimide and 
polysulphone resins. Therefore, it can be found in many foodstuff containers like 
feeding or water bottles, food cans, beverages containers and landfill leachates. 
Consequently it can migrate from the containers to the food and people might be 
routinely exposed to the traces of BPA. Bisphenol A is a dangerous substance, which 
disrupts the endocrine system, and may cause of human sperm quality decrease, 
various kinds of cancers and cardiovascular system diseases. 
The goal of these study was to develop an amperometric biosensor based on 
tyrosinase for determination of bisphenol A. Biosensor matrix composite contained a 
titania gel (TiO2) modified with multiwalled carbon nanotubes (MWCNTs), Nafion® and 
PDDA (poly(diallyldimethylammonium chloride)). The morphology of the prepared 
TYR/TiO2/MWCNTs/PDDA/Nafion nanocomposite was characterized using scanning 
electron microscopy. Electrochemical properties of the proposed biosensor were 
studied using cyclic voltammetry. Analytical characteristics of the biosensor included 
estimation of its sensitivity, limit of detection, long term stability, repeatability and 
reproducibility. For verification purposes, the functioning of the biosensor was 
successfully checked in determination of BPA in leaches of plastic products.  

 
Keywords: Bisphenol A, biosensor, tyrosinase, voltammetry  
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A new capacitive sensor for chromium(VI) determination was proposed. Its functioning 
is based on the electrostriction phenomenon observed in self-assembled monolayers 
(SAM’s) of thiol supported on the surface of a gold electrode. Electrostriction initiated 
by an interactions between analyte and thiol, affected capacitance-potential 
characteristics, and these changes are proportional to analyte concentration. For 
development of a sensor S-{12-[1-(pyridin-4-ylmethyl)-1H-1,2,3-triazol-4-yl]dodecyl} 
ethanethioate, compound with functional group exhibiting selectively affinity towards  
CrO42- and Cr2O72- anions, was synthesized. It was mixed with shorter-chain thiol 
(decanethiol) to obtain good quality thiols monolayers. Surface research was 
performed with the use of AFM/STM, XPS and FTIR-ATR to characterize structure of 
the thiol membrane. Capacitance measurements was carried out using an novel 
capacitance-to-frequency conversion method. Different measurement procedures and 
calibration approaches were examined. For chosen strategy of analysis analytical 
parameters of developed sensor were estimated. For verification purposes 
determination of Cr(VI) in natural water matrix was carried out.  
Cr(VI) species are well known to have high toxicity and carcinogenicity, moreover, 
they are easily absorbed and accumulated in the body. As a result, it is important to 
develop a rapid, sensitive and effective method for determination of trace 
concentration of chromium(VI) in environmental samples. 

 
Keywords: chromium(VI) determination, capacitive sensor, electrostriction phenomenon 
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Optical fibers are well-established tools in analytical chemistry. Their intrinsic 

characteristic of transporting light over long distances makes them very useful tools 
for remote sensing in confined or hazardous environments. The ability to intimately 
merge optical fibers with electrochemistry provides an opportunity to develop 
miniaturized opto-electrochemical probes for remote sensing or imaging.[1]  

In this work, we present an original analytical strategy, which couples optical fiber 
bundles with bipolar electrochemistry (BE). BE is a powerful wireless method which 
promotes electrochemical reactions at the extremities of conductive objects placed in 
solution when applying an electric field.[2] Herein, an optical fiber bundle coated with 
a nanometer-thin gold film serves as a dual platform to produce electrogenerated 
chemiluminescence (ECL) by BE in a wireless manner and also to guide the 
corresponding ECL signal through it. Therefore, we integrated both remote functions 
(i.e. generation of ECL signal and imaging) at the level of the same analytical object.  
 

 
 

Keywords: remote sensing, electrogenerated chemiluminescence, optical fiber, bipolar 
electrochemistry  
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In this work, we report the modification of a gold electrode with undoped diamond 
nanoparticles (DNPs) and its applicability to the fabrication of electrochemical 
biosensing platforms. DNPs were immobilized onto a gold electrode by direct 
adsorption.The electrochemical behavior of this DNPs/Au platform shows well-defined 
peaks corresponding to the DNPs oxidation/reduction at the underlying gold electrode, 
which demonstrate that although undoped DNPs have an insulating character, they 
show electrochemical activity due to the presence of different functionalities with 
unsaturated bonding on their surface. In order to develop a biosensing platform based 
on DNPs, we have selected glucose oxidase (GOx) and lactate oxidase (LOx), as 
cases of study, performing an exhaustive characterization of the resulting systems, by 
atomic force microscopy (AFM) and cyclic voltammetry. The developed biosensors 
show good electrocatalytic responses towards glucose and lactate in the presence of 
(hydroxymethyl)ferrocene as redox mediator. A linear concentration ranges from 0.05 
mM to 0.7 mM, sensitivities of 4.0 µA mM-1 and detection limits of 15 µM were obtained 
for the developed biosensing platforms.  
 

 
Keywords:  Diamond nanoparticles, lactate biosensor, electrochemical techniques, atomic 
force microscopy. 
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Simple and robust properties are important aspects for biosensing chips. The combination of Pt 

and Au electrode separated by micrometer gap produces a spontaneous electrical current 
depending on the H2O2 concentration. The current production was originated from the selective 
redox reactions of H2O2 with Pt and Au electrodes. This phenomenon can be applied for a simple 
amperometry biosensors: no requirement of external potential source and the stable nature of 
noble metals. 

We fabricated intergiditated electrodes of Pt and Au (Pt-Au IDEs) consisting a series of parallel 
microband electrodes separated by 10 micrometer gap. The sample was immersed into a buffer 
solution and successive injections of H2O2 was performed. Amperometric responses to the H2O2 
introductions were monitored with an ammeter. We observed a clear current increase at each 
period of H2O2 injections, which indicates that H2O2 produces the electrical current between the 
electrodes. The observed current was much enhanced with decreasing the gap distance. This 
phenomenon implies that proton movement over the gap surface controls current generation. 

Moreover, we examined the application for enzymatic biosensors; the H2O2 production ratio by 
enzymatic activity was evaluated by amperometric measurement without potential source. Here, 
glucose oxidase was immobilized on Pt-Au IDEs by layer-by-layer method. We observed a current 
generation at each injection of glucose. The result demonstrates that the Pt-Au IDEs can sense 
enzymatic activity through a simple current measurement. The same aspect was also confirmed 
by impedance measurements. 

 
Keywords: Interdigitated microarray electrodes, Hydrogen peroxide, Self-powered biosensor, 
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Functionalised porous polymer phases for selective bioaffinity interactions have 
application within areas of both sensor and separation science. The surface 
functionalisation of so-called ‘monolithic’ porous polymer phases can take many forms, 
from simple surface chemistries, to grafted functionalised polymers, to nano-particle 
structured surfaces with attached chemical or biochemical functionality. Previously we 
have utilised porous monoliths as scaffolds for presentation of functionalised 
nano-particles for selective surface interactions within capillaries, as thin layers, or 
immobilised within pipette tips, or within micro-fluidic platforms. Open tubular capillary 
formats, with wall bonded thin layer porous polymers as a supporting scaffold for 
selective surface functionality, can be used for low pressure flow through isolation of 
target biomolecules. This paper will present the latest developments in this area, 
specifically the wall functionalisation of multi-channel photonic crystal fibre capillaries 
(single capillary with 125 individual parallel and isolated micro-channels of 5 um I.D.). 
The internal walls of these micro-channels can be simultaneously modified with 
longitudinally homogenous bonded sub-micron porous polymer (e.g. PS-DVB) layers, 
and applied as scaffolds for variety of selective chemical and biochemical 
functionalities. The format provides a highly efficient structure for low pressure flow 
through applications such as bioaffinity isolation of biomolecules, whilst providing 
sufficient surface area and capacity for practical robust application. The presentation 
will include discussion on production and physical characterisation of these structures, 
together with demonstration of potential applications in separation science and 
selective micro-extraction.   

 
Keywords: Open tubular porous layers, photonic crystal fibres, nanostructures, bioaffinity 
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The CO2 levels inside meat packages can be used as indicator of freshness. If the 
CO2 concentration changes during storage it is a clear indicator that bacteria are 
growing inside the container and / or the package is not well sealed and the modified 
atmosphere has been compromised. However, a non-destructive method for 
determining the CO2 concentration within the package has not, as yet, been reported.  
To this end, the objective of the SmartPack project is to exploit the development and 
integration of a CO2 sensor in meat packages using the imaging and communications 
capabilities of SmartPhones for freshness detection. 
Optical CO2 sensors are normally based on the acidity of this molecule, the drawback 
of this approach in the food packaging industry is due to the long-term instability of the 
sensors, arising from the transfer agent (quaternary ammonium hydroxides) 
decomposition.  However, in this project we avoid the use of these compounds. 
Water based sensors are prepared using thymol blue sodium salt as indicator, 
glycerol as plasticizer and sodium bicarbonate as buffer in a matrix of hydroxyethyl 
cellulose. In this way, the lifetime is increased and also this composition creates an 
easily printable ink. Moreover, the ionic liquid 1-ethyl-3-methyl-imidazolium chloride is 
included in the matrix making the sensor more selective to CO2 than other gases due 
to its higher solubility. 
The sensitive ink has been optimised and characterized. The next steps include 
testing of the printed sensors using a digital camera to progress the study towards the 
intended application as a smart packaging tool. 
 
Keywords: gas sensor, carbon dioxide sensor, smart packaging  
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Awareness of the importance of pH monitoring has increased in recent years and a 
number of application areas have been identified such as marine, natural waters and 
fish tanks. The challenge is to transform the current monitoring practice into a much 
more scalable approach. 
A portable sensor has been developed for in situ measurement of pH in aqueous 
samples.  The sensor design incorporates microfluidic technology, allowing for the 
use of low volume of samples and reagents, and an integrated low cost detection 
system that uses a LED as light source and a photodiode as detector. Different 
combinations of dyes have been studied in order to allow a broader pH detection 
range, than can be obtained using a single dye. The optimum pH range for this 
particular dye combination was found to be 4 to 9. 
The reagents developed for pH measurement were first tested using bench-top 
instrumentation and once optimised, the selected formulation was then implemented 
in the microfluidic system. 
The prototype system has been characterised in terms of pH response, linear range, 
reproducibility and stability. Results obtained using the prototype system are in good 
agreement with those obtained using glass electrode/pH meter and 
spectrophotometer based assays.  
The reagent is shown to be stable for over 8 months, which is important for long term 
deployments. A high reproducibility is reported with a global RSD of 1.8% across 
measurements of 90 samples. A series of real water samples from different sources 
were also analysed using this prototype showing its feasibility for real applications. 

 
Keywords: autonomous monitoring, pH sensor, water analysis, microfluidic system 
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Diamond nanoparticles as a way to improve the conductivity of sol-gel 
based L-lactate biosensing platforms 
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Nanocomposite materials prepared by the sol-gel technology in aqueous solutions 
have drawn attention owing to the propensity to entrap enzymes by non-covalent 
bonding. Sol-gel derived silicate 3D network is an easy-handling immobilization 
method and a stable material that can preserve the enzyme activity and enhance the 
sensitivity of the biosensor. However, since it is essentially an insulating material, a 
variety of nanomaterials have been included in order to facilitate conductivity in sol-gel 
enzyme electrochemical biosensors (principally metallic nanoparticles or carbon 
nanotubes families). We report here the use of undoped diamond nanoparticles 
(DNPs) as tiny conduction centers in the fabrication of enzyme based electrochemical 
biosensors. DNPs presents many advantages, such as excellent biocompatibility, 
noncytotoxic nature, narrow size distribution and moderate price compared to other 
carbon nanomaterials. The developed biosensors are based on the integration of both 
the enzyme lactate oxidase (LOx) and DNPs into a sol–gel 3D polymeric network 
derived from (3-mercaptopropyl)-trimethoxysilane previously formed onto a gold 
electrode surface. The characterization of the different steps involved has been 
performed by atomic force microscopy and cyclic voltammetry. The final device 
displays good electrocatalytic response in the presence of a redox mediator. Lactate 
determination shows linear concentration range from 0.05 mM to 1.6 mM, sensitivity of 
2.6 µA mM-1 and detection limit of 16 µM. 

 
Keywords: Diamond nanoparticles, Sol-gel technology, Lactate biosensor, Electrochemical techniques, Atomic 

force microscopy. 
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MICROBIAL BIOSENSORS AND FUEL CELLS: FROM ENVIRONMENTAL 
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Research into the development of biosensors in the Russian Federation started in the 
early 1990s; both initially and subsequently it was based on own ideas and the 
knowledge of the international scientific community. The first works were aimed at the 
development of enzyme and microbial biosensors; electrochemical biosensors were 
primarily developed. The aim of this analytical review is to consider the applied 
potential of microbial biosensors and highlights the results obtained in developing 
models of analytical devices for detection of readily utilizable useful organic 
compounds (carbohydrates, alcohols, organic acids) and toxic compounds 
(hydrocarbons, surfactants). The basis of those biosensors were Clark-type 
electrodes. The studies were typical of the starting period of research in the Russian 
Federation. They were followed by the second wave of research, the purposeful 
application of microorganisms for assessment of biochemical oxygen demand (BOD). 
A new, third wave of the search was aimed to study the characteristics and to develop 
microbial biosensors based on mediator charge transfer. The development of 
microbial biofuel cells not distinctly different from microbial biosensors can be 
considered to be the fourth phase of research. This trend yielded several positive 
results: fragments of cell membranes (membrane fractions) were intensively used; 
nanomaterials were applied to develop electrodes; a novel approach based on the 
converter-based accumulation of electricity was applied for accumulation of electric 
energy. The review considers these topics and process parameters. 

 
Keywords: biosensors, microbial cells, BOD assay, biofuel cells, electrodes of nanomaterials, 
converter-based accumulation of electricity 
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PLASTIC OPTICAL FIBER SENSOR MODIFIED BY MOLECULAR IMPRINTING 
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We report the development of a plastic optical fiber (POF) sensor modified by 
molecular imprinting for ammonium sensing. 
A molecularly imprinted polymer (MIP) grafted on the surface of the optical fiber by 
radical polymerization with thermal initiation served as a sensitive layer. The POF’s 
selected for this study are a polymethyl methacrylate (PMMA) based step-index 
optical fiber with 1 mm.  
Firstly, initiator 2,2'-Azobis(2-methylpropionamidine)dihydrochloride was immobilized 
on the surface of the uncladded fiber. Grafting of the polymer was carried out using 
methacrylic acid as a monomer, ethylene glycol dimethacrylate as a cross-linker, 
ammonium chloride as a template and 30% of ethanol in water as a solvent. 
Optimization of the polymerization condition including reagent concentrations and 
polymerization time was optimized using thickness of the grafted imprinted polymer 
layer as a criterion. Deposition of the polymer was inspected using optical microscopy 
and measurements with micrometer.  
A transmission based detection scheme was implemented using an optical coupler 
(90:10), a LED (660 nm) and two photodetectors. The signal output was monitored in 
real time with LabView software. Measurements made during fiber modification have 
shown that immobilization of initiator does not affect transmission while MIP grafting 
decrease it. Response of the optical fiber with grafted MIP layer to ammonium ions in 
water solutions has been observed.  
Further developments will be focused on the optimization of MIP grafting procedure 
and sensor performance. 

 
Keywords: polymeric optical fiber sensor, chemical sensor, ammonium detection, molecular 
imprinting 
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BIO-INSPIRED MODIFIED POLYACRILAMIDE AS A MIMETIC FOR 
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Artificial mimetic enzymes have been extensively investigated because the catalytic performance 
of natural enzymes can be easily altered due to the environmental conditions. The biosensors for 
pesticides detection are based on the indirect electrochemical response of the inhibited 
acetylcholinesterase (AChE). However, there are not many AChE-based sensor applied in real 
samples due to the decrease of its catalytic activity decrease are few devices applied in real 
samples and high cost.  
We report here a mimetic molecule to be applied in electrochemical sensors for 
organophosphorus (OPs) detection. Polyhydroxamicalkanoate (PHA) polymer containing the 
functional groups hydroxamate and carboxylate with the ability to accelerate dephosphorylation 
reactions was immobilized on the carbon screen printed electrodes (SPE). Such functional groups 
behave as nanoreactors.  
Spectrophotometric methodology showed evidences that PHA can hydrolyze acetylthiocholine in 
thiocholine which is in agreement with the acetylcholinesterase mimetic behavior. The rate 
constant for acetylthiocholine hydrolysis was about 10552 mol-1 L s-1 which is incredibly high for 
artificial molecules. Several strategies for the PHA immobilization on SPE were analyzed.  
Computational modelling calculations were carried out to verify the interaction between the 
organophosphorus and the PHA, besides the interaction between PHA and acetylthiocholine. 
The electrochemical behavior of the modified electrode was evaluated through cyclic voltammetry 
and electrochemical impedance spectroscopy.  
Differential pulse voltammetry was used to obtain the calibration curve.  
For the first time, an electrochemical sensor using a mimetic molecule for the acetylcholinesterase 
was proposed. 
 

 
Keywords: mimetic, sensor, organophosphorus, acetylcholinesterase 
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PREPARATION AND FLUORESCENT PROPERTIES OF LANGNUIR-BLODGETT 
FILMS BASED ON CdSe/CdS/ZnS QUANTUM DOTS 
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Application of the unique optical properties of quantum dots (QD) have been the 
subject of very intense study in resent 15 years due to potential use in different 
optoelectronic devices and optical biosensors. Important strategy to additional 
improve the photoluminescent properties and surface passivation of QD is their cover 
with a second or third semiconductor layer with large bandgaps resulting in core/shell 
or core/shell/shell systems synthesis. It makes possible to tune the emission 
wavelength in a large spectral range than with individual QD alone. Application of QD 
often requires the assembly of nanoparticles into well-ordered multilayer nanosized 
film. In order to organize inorganic QD at the air-water interface their surface should 
be covered by diphilic surfactant molecules. In our work we used (4-6).10-6 M solutions 
of hydrophobic CdSe/CdS/ZnS QD in toluene functionalized by oleic acid with 
fluorescence maxima at 525 and 631 nm. The floating monolayer of each QD on a 
water surface was compressed at a rate 8 cm2 min-1 until 10 mN m1 according -A 
isotherms. The resulting layer was transferred to the glass substrate by 
Langmuir-Schaefer method. Two first layers contained QD with fluorescence at 525 
nm and two second – 631 nm. The fluorescent spectra of films were examined using 
NT-MDT Ntegra Spectra with laser excitation at 473 nm and 10 mwatt output. The 
intensity of fluorescent signal was taken after 0.1 sec using laser spot focusing on the 
selected layer that allowed exciting every type of QD separately or simultaneously. 
Sensor properties of films were discussed.      .    

 
Keywords: Quantum dot films, fluorescence  
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BENZO[c]PHENATRIDINE ALKALOIDS-PROMISING FLUORESCENCE DNA 
PROBES 

 
Petr Taborsky1,2, Michal Rajecky1,2, Eva Taborska3 and Petr Paroulek1 
 
1 CEITEC, Masaryk University, Brno, 62500, Czech Rep. 
2 Department of Chemistry-Faculty of Science, Masaryk University, Brno, 62500, Czech Rep. 
3 Faculty of Medicine, Masaryk University, 62500, Czech Rep. 

 
High affinity of plant alkaloids to various biomolecules can be used in analytical chemistry. For 
example, many isochinoline alkaloids are fluorescent and interact with DNA by intercalation. 
Specially, quaternary benzo[c]phenantridine alkaloids such as chelirubine, sanguilutine and 
macarpine interact with double stranded DNA showing huge changes in emission spectra. The 
response of luminescence intensity to low concentrations of double stranded DNA in presence 
of alkaloids was found to be linear and can be potentially used for quantification of DNA by 
means of luminescence spectrometry. Limits of detection (3σ method) calculated for studied 
alkaloids were: 8 (chelirubine), 19 (corysamine), 54 (coptisine), 120 (sanguilutine) ng.mL-1 of 
DNA. Chelirubine and macarpine were even successfully used for fluorescent DNA-specific 
staining of living cells exhibiting low toxicity. In conclusion, we have demonstrated that natural 
products, phenatridine alkaloids, can be used as alternative probes to synthetic DNA dyes.  

 
Keywords: DNA, alkaloid, fluorescence, probe 
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A COLORIMETRIC SENSOR FOR DETERMINATION OF Hg(II) IN WATER 
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Mercury is a very toxic heavy metal that even at low concentrations can affect living 
organisms. Therefore, determination of trace amount of Hg(II) in environmental 
samples is of great importance due to its high toxicity.  
 
Colorimetric sensors could provide rapid and simple detection for heavy metal ions in 
water samples without using instruments. The color change can be easily observed by 
the naked eye. 
 
In this study, silica sol-gel was prepared and then 4,4'-bis(dimethylamino) 
thiobenzophenone was immobilized into sol-gel thin film. Filter papers were coated by 
sol-gel mixture via dip coating method and used as sensor strip. In the presence of 
Hg(II) ions, the color intensity of the strips are distinctively different and the obvious 
blue color change could be identified easily by naked eye. The concentration of Hg(II) 
on test strip was measured by diffuse reflectance spectroscopy and a calibration 
graph was generated from the reflectance data at 610 nm by using Kubelka–Munk 
function. The notable color change with reflectance intensity of the sensor for Hg(II) 
was observed at pH 4.0. The reflectance absorbance spectrum of the sensor was 
recorded using a Uv-Visible spectrometer with integrating sphere assembly.  

 
Keywords: Colorimetric sensor, naked-eye detection, Hg(II) in water 
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ANALYTICAL CONTINUOUS FLOW SYSTEMS. WHERE TWO WORLDS COLLIDE! 

(1) FROM GRAVIMETRY AND TEST TUBES TO FIA TO SIA TO PAT AND 
(2) FROM ORSAT TO CONTROL ROOM TO PAT TO TAP. 

 
JACOBUS (KOOS) F VAN STADEN 

 
Process Analytical Technology Laboratory (PATLAB) Bucharest, 
Splaiul Independentei Str., 202, Bucharest, Romania. 060021 

E-mail: koosvanstaden2012@yahoo.com, Website: www.patlab.ro 

 
Manual analysis was dominant in the Analytical World from 1700 to the 1900, even 
between 1940-1970. “Weighing” analysis was done 1350 BC. Flow analysis with 
chromatography starts in 1905, non-segmented inventions in 1911, segmented by 
Skegss in 1950 with AutoAnalyzer era in 1960’s. FIA starts with Ruzicka and Hansen 
early 1970’s on LEGOs. First practical FIA for water authorities was soon after build in 
Chemistry at UP in South-Africa, followed by various different configurations up to first 
process analyzer. Collaboration between Chemistry at UP and CPAC, University 
Washington, USA on SIA led to PhD of Graham Marshall at UP in early nineties, 
followed by numerous developments of process analyzers and the PAT concept from 
the continuous flow viewpoint. Myself work with the ORSAT gas analyzer (patented 
before 1873 by H Orsat) in the early sixties at SASOL. Various instruments play 
dominant rule in gas analysis in 1970-1980, with GC one of the front runners. Various 
aspects of automated non-destructive spectroscopy with a first version of scanning 
spectroscopy was introduced by the Chemistry at UP in industry (1986-1998) paving 
the way to first PAT type configurations with chemometrics. These types of 
innovations were followed by some initial work in TAP that eventually cultimated to the 
current modern technology with TAP technology in gas systems. This talk will highlight 
various innovation aspects and break-throughs on work done in chromatography, flow 
systems, FIA, SIA, PAC and PAT to Real-Time Integrated Industrial Monitoring and 
Control Information Management Systems to the temporal analysis of products (TAP) 
concept with the latest TAP concept and a future vision of invasive and non-invasive 
non-destructive real-time integrated multi-analyte fully automated interactive process 
analyzers as incentives and new paradigm concepts of innovative, low cost, easy to 
operate, portable sensing platforms with an interrogative kinetics approach for fast, 
transient measurements and a high time resolution in industrial processes. 

 
Keywords: FA, FIA, SIA, PAC, PAT, TAP, Real-Time Integrated Industrial Monitoring, 
Control Information Management Systems, Multi-analyte. 
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electrochemical detection of Pb(II) trace in water 
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Since its exfoliation in 2004, graphene attracted a huge interest in the scientific and 
industrial communities, due to its physical and chemical properties as electron 
conduction, mechanical properties, and chemical resistivity... Due to these properties, 
it appears as a good candidate for future technological applications in electronic, 
biology, or chemical sensors... Furthermore, new methods for graphene production as, 
epitaxial growth, CVD growth, chemical and electrochemical exfoliation have risen 
one of the main problem for the use of graphene in technological devices. 
 
The work, which is presented here, takes place in this way, from the production of 
graphene to its technological used as electrochemical sensor for the detection 
metallic micropollutants in aqueous media. This technological device development is 
coupled with a more fundamental approach with the study of the evolution of the 
electronic and kinetic properties of the sensors, correlated with the grafting and/or the 
crystallographic structure. Indeed, by using graphene it is possible to analyze the 
contribution of the surface and/or the edge during the electrochemical reaction. 
 
In this study, the graphene is produced using electrochemical exfoliation in organic or 
aqueous media (pyrolidone or water). The result of this exfoliation is characterized by 
Raman spectroscopy, XPS, FTIR, TEM, SEM… By using these technics we were able 
to obtain a good chemical and physical characterization of the samples. Graphene is 
then dispersed in a new solvent in order to obtain an ink or a paste for the fabrication 
of the electrodes which have been electrically characterized and electrochemically 
test. The electrodes are then used for Pb(II) trace detection. 

 
Keywords: graphene, electrochemical sensors, Raman spectroscopy, Lead detection 
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Electrochemical biosensor for the determination of phospholipase A2 of 
honey bee venom 
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Apart from being one of the main components in animal venom, phospholipase 
A2 has also been reported about its several advantages. For example, 
phospholipase A2 contains a wide range of biological effects i.e.bacterialcidal, 
anti-malarial, anti-tumoral,and anti-parastic properties. The secreted 
phospholipases A2 from bee and snake venoms was also reported to have 
potent anti-human immunodeficiency virus (HIV) activity. On the other hand, 
PLA2 also plays a pathogenetic role in rheumatoid arthritis, therefore, it has 
been suggested that PLA2 levels in human serum may serve as an additional 
measure of rheumatoid arthritis activity.Thus, it is of critical importance to 
develop a simple and reliable analytical tool with high specificity to 
phospholipase A2. In the present study, an enzymatic biosensor was developed 
for the determination of phospholipase A2 based on the electrochemical signal 
of lecithin substrate and using electrochemical impedance spectroscopy 
technique. The enzyme was immobilized in presence of gold nanoparticles, 
through cross-linking method and the impedimetric signal was proportional to 
substrate concentration. The detection limit of lecithin was 10-9 M. The PLA2 
activity in venom was determined through the decrease of the biosensor 
response. 

Key words: biosensor, phospholipase A2, impedance, gold nanoparticles. 
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Accurate values of the molecular diffusivities (Dm) of the test solutes involved are 
critical in investigations of the intrinsic characteristics of chromatographic columns. 
Values of Dm are frequently estimated using literature correlations, such as the 
Wilke-Chang, Scheibel or Hayduk-Laudie equation. The Wilke-Chang equation is 
probably the most popular, but it cannot be used to estimate Dm in mobile phases 
containing a large percentage of acetonitrile, which is the case in hydrophilic 
interaction liquid chromatography (HILIC). Practically, it would be much more accurate 
to measure Dm in the intended experimental system since Dm varies significantly, 
depending on the nature of the solute molecule, the solvent and the temperature. 
In this project, the Taylor-Aris method was used to measure diffusion coefficients of 
some frequently used test molecules. The accuracy of the method was validated by 
comparing the Dm obtained for a standard compound (thiourea in pure water at 
298.15K) with values that are described in literature. The effect of coil length, flow rate 
and coil radius was checked too. To accurately calculate the experimental Dm values, 
an in-house written Matlab program was applied to define the first and second central 
moments of the recorded peak profiles. Diffusion coefficients were recorded for typical 
reversed-phase and HILIC mobile phases (with a volume percentage of acetonitrile 
ranging between 0% and 100%). 
Since buffered mobile phases are commonly used in HILIC applications, the influence 
of the buffer on Dm was also assessed. Other factors, such as temperature and pH of 
the mobile phase were considered too.  
 

 
Keywords: Diffusion coefficients, reversed phase, HILIC  
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HPTLC for High Performance Thin Layer Chromatography appeared in the 70’s as a 
fair improvement of TLC, which might be called “old TLC” as it is more than 75 years 
old now. Until now, HPTLC improved in the shadow of much more fashioned liquid 
chromatography, as HPLC or UHPLC. HPTLC is a liquid chromatography as well. 
Multiple hyphenations, called hypernations by Wilson and Brinkman in 2007, between 
this liquid chromatography and various other analytical methods are very easy 
because the separated sample is dry and accessible after separation [1].   
This lecture will report the latest developments and will make a snapshot of this 
HPTLC new coupling strategy which give both deeper knowledge of samples, and 
faster answer to a given analytical question. 
The main trends are to couple on-line with the plate after separation many different 
spectroscopic methods and especially the very popular MS detectors.  
Effect-directed analysis with bioassays is another very promising field of HPTLC, and 
very simple regarding the hyphenations settings. This includes mainly biochemical 
and biological mechanisms.  
These capabilities of HPTLC are finally due to the fact that after separation, the 
complete sample does not go to the waste, but remains accessible on the plate, after 
analysis, for complementary tests and hyphenations. 
The next International Symposium for HPTLC will take place next time in Berlin, 
Germany, 4-6 July 2017. (www.hptlc.com) 
Literature: [1] G. Morlock, W. Schwack, JCA 1217 (2010) 6600-6609  
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Dabrafenib is a drug for the treatment of cancers associated with a mutated version of 
the gene BRAF. Dabrafenib has clinical activity with a manageable safety profile 
in clinical trials of phase 1 and 2 in patients with BRAF (V600)-mutated 
metastatic melanoma.  
A micellar electrokinetic chromatography (MEKC) method was investigated for the 
determination of Dabrafenib in human serum by using a fused-silica capillary (75 m 
I.D.  47 cm (total length), 40 cm (effective length)). The separation was performed 
using an hydrodynamic injection time of 3s (0.5 psi), a voltage of -10 kV and a 20 mM 
borate buffer solution at pH 9.2 and 70 mM of SDS as electrolyte separation. Under 
these conditions, the analysis takes less than 7min. The entire analytical procedure 
including sample preparation could be completed within 10 min. A linear response over 
the 3-20 mg L-1 concentration range was investigated for Dabrafenib determination in 
human serum samples. Detection limit of 0.12 mg L-1 for Dabrafenib (S/N=3) in human 
serum were obtained. The developed method is easy, rapid and sensitive and has 
been applied to determine Dabrafenib in three different patients under Dabrafenib 
treatment. The only step to serum determination was the dilution 1:1 with water. 
Electrokinetic partial filling technique (EK-PFT) with MS detection was used as an 
alternative method to the simultaneous determination of Trametinib and Dabrafenib in 
biological samples. This partial filling technique has as mean objective to get better 
sensibility, and to obtain better detection limits.  

 
Keywords: Dabrafenib, Trametinib, MEKC, EK-PFT, melanoma, human serum. 
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Microemulsion electrokinetic chromatography (MEEKC) is an electrodriven 

separation technique, which uses a microemulsion buffer to provide highly efficient 
separations of both charged and neutral solutes covering a wide range of solubilities 
in water. Most of MEEKC reports are focused on the use of oil-in-water 
microemulsions for the separation of hydrophobic compounds. However, a limited 
number of reports have shown that water-in-oil (W/O) microemulsions can be used 
as separation media. W/O MEEKC has shown a potential for successful separations 
of a range of water-soluble and insoluble neutral and acidic analytes. 

For the determination of hexamethylene diamine (HMDA) it is necessary to 
make it suitable for the analysis because of its low absorbance. Microemulsion can 
be used as a reaction medium for providing many chemical reactions due to its 
unique composition. It was shown that derivatization of hexamethylene HMDA with 
fluorenylmethoxycarbonyl chloride (FMOC) is accelerated greatly in water-in-oil 
microemulsion, compared with the standard derivatization procedure, no heating 
being required. This permits the reaction to proceed in the capillary in on-line mode. 

In-capillary derivatization can be achieved by successive hydrodynamic 
introductions of FMOC and HMDA solutions followed by the application of voltage. In 
order to provide the reaction a gradient of voltage was used during the analysis. The 
derivatization of HMDA with FMOC allowed one to decrease the detection limits of 
the analyte to 3.5 mg/L. The method developed allowed us to significantly decrease 
the detection limits, to reduce the analysis and preparation time, to diminish the 
consumption of the expensive reagents. 

 
Keywords: hexamethylene diamine, in-capillary derivatization, microemulsion electrokinetic 
chromatography, water-in-oil microemulsion, FMOC, HMDA, W/O MEEKC 
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The development of new bonded stationary phases is an important aspect in reversed-
phase liquid chromatography (RPLC) the most used mode in high-performance LC. A 
novel mesogenic ether crown stationary phase has been synthesized and 
characterized. 
The phase was obtained by coupling between Lichrospher Si 100 NH2 and the 
mesogenic carboxylic ether crown acid liquid crystal ECLC. Characterization of ECLC 
was made with proton NMR, and the nematic state was determined by DSC. Thermal 
study of the new material exhibit transitions in van’t Hoff plots indicating changes of 
the structure of the phase during heating. Analytical chromatographic behaviors of the 
new bonded liquid crystal stationary phase BLCSP were investigated by reversed 
phase LC. Separation of polyaromatic hydrocarbons (PAHs) is described using high 
water content mobile phase. Bonded materials exhibit a liquid crystal-like behavior and 
molecular shape recognition toward planar and non-planar solutes. The long 
mesogenic chain combined with a terminal ether crown imparted the new stationary 
phase fine selectivity towards PAH isomers. The shape selectivity demonstrated by the 
BLCP is higher before the transition occurring around 40°c. Using acetonitrile/water 
(35/65), reversed phase data of polyaromatic hydrocarbons showed significant solute 
planarity recognition of anthracene/o-terphenyl. The shape discrimination was 
evaluated by some pairs of isomers like phenanthrene/anthracene and 
chrysene/tetracene.The linear solute with the high length to bread ratio L/B is more 
retained on the new stationary phase.  
 

 
Keywords: Bonded liquid crystal stationary phase; shape selectivity, ether crown, Polynuclear 
aromatic hydrocarbons. 
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Unique selectivity: The power of Ionic Liquid GC Columns  
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Choosing a stationary phase is the most critical step in column selection, more 
important than the column’s I.D., film thickness, or length. This is because the 
stationary phase determines the selectivity of the column, and that selectivity 
influences resolution. Changing stationary phase may be an effective way to increase 
resolution.[1] 
Beginning in 2006, extensive evaluations of columns manufactured with ionic liquid 
stationary phases have occurred. Their main strength was discovered to be unique 
selectivity. These columns have the ability to perform many of the same applications 
as columns made with polysiloxane polymer or polyethylene glycol stationary phases 
of similar polarity, but with slight elution order changes. Many times this results in 
increased resolution and/or shorter run times. 
Recent solvation parameter model (SPM) evaluations indicate that only ionic liquid 
columns are capable of simultaneously providing intense H-acceptor and intense 
H-donor interactions, along with dipolar and π-π interactions.[2] The effect of these 
interactions is illustrated through multiple chromatograms showing an ionic liquid 
column providing unique selectivity resulting in better resolution and/or faster analysis 
when compared to a non-ionic liquid column with similar polarity. 

 
Keywords: GC, Ionic Liquids, Selectivity 
 
 
 
1. Barry EF. Columns: packed and capillary; column selection in gas chromatography. In: 
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Host-guest chemistry is an interesting and promising area to research. With large 
variety of host molecules this field has enormous number of applications.  
One type of host molecules increasingly gaining fame is cucurbiturils (CB), where 
glycouril monomers are linked with two methylene bridges. Monomers of 
hemicucurbiturils (HC), a sub-group of CB family, are bound trough one bridge, giving 
them a zig-zag orientation and different binding properties. Cyclohexyl- 
hemicucurbiturils (cycHC) are substituted derivatives of HCs, which can be used as 
chiral hosts. 

 
From the discovery of CBs, they have been mostly compared and competed with 
cyclodextrines (CD), though they have different binding abilities. Although, for 
example, in analytical chemistry the applications of CBs are not so wide as CD’s, they 
have found many applications in fluorescence spectroscopy and in separation science 
as stationary phases and mobile phase modifiers in chromatography and capillary 
electrophoresis techniques. But, unlikely for CDs, there are no analytical method for 
CB members to simultaneously separate the homologues. 
In this work we present simple RP-HPLC method for separation and quantification of 
cycHC homologues and isomers (cis- and trans-cycHC[6] and trans-cycHC[8]) with 
UV-detection. During the research there was found an interesting evidence of 
remacrocyclisation between 6- and 8-membered macrocycles that obeys dynamic 
covalent chemistry principles, utilizing easily reversible covalent bond 
breakage/formation reaction at the methylene bridges. Application of HPLC and MS 
methods allowed to identify the members of dynamic covalent library and develop 
effective method for preparation of cycHCs. The purity and yield of products were 
quantified with HPLC. 

 
Keywords: quantitative HPLC, MS, cucurbituril, macrocycles 
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Sterols are triterpenoic alcohols which are an integral constituent of cell 

membranes. While cholesterol is the principal sterol in animal lipids, plant lipids feature 
a multitude of phytosterols (e.g. β-sitosterol, stigmasterol and campesterol). In plant 
oils, up to 70% of the sterols can be found esterified to fatty acids and different sterol 
backbones esterified with various fatty acids can result in complex steryl ester patterns. 

The analysis of intact steryl esters by gas chromatography is challenging due to 
their high molecular weight (600-700 g/mol). On nonpolar GC phases, esters of one 
sterol with fatty acid with differing degree of unsaturation (e.g. stearate and oleate) 
cannot be separated. On the other hand, only few polar phases show sufficient 
temperature stability. 

In this study we used a commercial room temperature ionic liquid GC column 
for analysis of intact steryl esters by gas chromatography with mass spectrometry 
(GC/MS). The steryl esters could be separated both by carbon number and degree of 
unsaturation in the fatty acid moiety. For example, esters of cholesterol with stearic 
acid, oleic acid, linoleic acid and α-linolenic acid could be separated from each other. 
By analyzing synthesized standards as well as lipid samples, the influence of the sterol 
backbone and the fatty acid moiety on the elution from the GC system could be 
determined. Although few co-elutions were observed, the identity of the compounds 
could be determined by mass spectrometry. Using both samples from animals and 
plant lipids, retention time data for > 35 steryl esters could be gathered. 
 

 
Keywords: steryl ester, room temperature ionic liquid, gas chromatography, mass 
spectrometry 
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Cyclodextrins (CD) are a specific group of compounds, which can by easily modified 
to broader their properities and possibilities of using. For a better understanding of the 
influence of different substituents on the properties of cyclodextrin it is better to test 
individual monosubstituted derivatives separately. 
One of the modifications is introduction of positively charged tetraalkylammonium 
substituent to the molecule of CDs. Monosubstituted (at position C6) positively 
charged alfa, beta and gama cyclodextrin derivatives PEMEDA-CD and PEMPDA-CD 
were synthesized and tested. It was found that only beta-cyclodextrin derivatives as 
chloride are suitable for use in electrophoresis. In some cases, these derivatives are 
also useful as chiral selectors. 
Other possibility is to modify cyclodextrin with cinnamyl-bromide. The resulting 
compounds can self-organize into supramolecular polymers. A complete set of 2I-O-, 3I-O- 
and 6I-O-cinnamyl-alfa-cyclodextrin was synthesized and aggregation ability of 
individual CD derivatives were evaluated at various concentrations, temperatures or 
in different solvents. Analytical applications were tested on a set of model compounds 
which were both cations and anions. 

 
Keywords: capillary electrophoresis, monosubtituted cyclodextrin derivatives, permanently 
positively charged cyclodextrin derivatives, self-assembling molecules 
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Mycotoxins are toxic secondary metabolites produced by fungi, which can exist in 
food as a result of fungal infection of crops. Their strong resistance to decomposition 
and digestion cause mycotoxins to remain in the food chain. The analysis of 
mycotoxins in food and animal feed has been a challenge mainly due to the 
complexity of food matrices and desired low detection limits.  
 
Recent Mycotoxin Sample Preparation  
• Involves QuEChERS cleanup  
• Simplified extraction for various matrices  
• Multicomponent assays  
• LC-MSn analysis  
• Single assays for multiple mycotoxins  
 
This study investigated the selectivity for over 15 common mycotoxins on a variety of 
Solid-Core columns with different stationary phase chemistries.  
A comparison of Solid-Core and sub-2 μm porous particle analysis was also 
performed.  
 
Varying elution orders were obtained with the three different phases.  
The biphenyl phase allowed for greater retention of the mycotoxins but less 
resolution for the later eluting compounds. Slightly better resolution was obtained for 
the isobaric acetyl-DON peaks but not baseline separation.  
The Phenyl-Hexyl column offered the best resolution for the majority of the peaks 
including the acetyl-DON compounds.  
 
Varying elution orders were obtained with the two different C18 phases. Greater 
retention was obtained for most analytes on the porous sub-2 μm column because of 
the even particle distribution allowing for tighter packing of the smaller particles.  
Separation of the isobaric acetyl-DON analytes were not achieved on either C18 
column.  
Similar analyte peak asymmetries were observed with the sub-2 μm porous and 
solid-core columns. 

 
Keywords: mycotoxin analysis, LC-MS/MS  
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In this study, the utility of using a chiral ionic liquid (CIL) as the sole chiral selector (CS) 
in capillary electrophoresis (CE) was investigated for the first time. In particular, five 
chiral amino acid ester-based ILs (AAILs) were synthesized and used as additives in 
the background electrolyte in order to evaluate their chiral recognition ability. The 
performance of these CILs as the sole CSs was evaluated by using 
1,1’-Binaphthyl-2,2-diylhydrogenphosphate (BNP) as the analyte and by computing 
and comparing the resolution values. In addition, in this study, new CE methods, 
employing binary systems of derivatized cyclodextrins (CDs) or native and derivatized 
cyclofructans (CFs) and an AAIL, were developed for the chiral separation of different 
analytes. In particular, trimethyl-β-CD (TM-β-CD) and five different CFs, with different 
derivatization groups and cavity sizes [native CF-6 and CF-7, isopropyl cyclofructan-6 
(IPCF-6), IPCF-7, sulfated cyclofructan-6 (SCF-6) and SCF-7] were used as CSs for 
the enantioseparation of Huperzine A and seven 2-arylpropionic acid non-steroidal 
anti-inflammatory drugs (NSAIDs). Huperzine A is used for the treatment of 
Alzheimer´s Disease and also as a dietary supplement for memory support. Its natural 
occurring (-)-enantiomer is three times more biologically active than the synthetically 
racemic mixture. The new chiral AAILs, which can be easily and readily synthesized 
from commercially available reagents, proved to be efficient CSs for the 
enantioseparation of BNP and very promising and effective chiral additives in CE. 

 
Keywords: chiral ionic liquids, capillary electrophoresis, chiral separation, cyclofructans 
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Many laboratories include derivatization as part of their sample preparation for gas 

chromatography (GC) analysis. So, what is derivatization? Why is it important and how 
do you choose a derivatizing reagent?  

Derivatization is the process by which a compound is chemically changed, 
producing a new compound that has properties more amenable to a particular 
analytical method.  
Some samples analyzed by GC require derivatization in order to make them suitable 
for analysis. 

 Compounds that have poor volatility, poor thermal stability, or that can be adsorbed 
in the injector will exhibit nonreproducible peak areas, heights, and shapes.  
Other compounds that respond poorly on a specific detector may need to be “tagged” 
with a different functional group to improve detection. 

Derivatization can improve resolution between coeluting compounds and 
overlapping peaks. 

A good derivatizing reagent and procedure should produce the desired chemical 
modification of the compound(s) of interest, and be reproducible, efficient, and 
nonhazardous. 

For GC, there are three basic types of derivatization reactions: silylation, acylation, 
and alkylation.  

In our work, we will study these three types of derivatization,in chemical and 
analytical side,and w’ll explain the interest of each one. 

 
Keywords:  derivatization, silylation, acylation, alkylation. 
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Validated HPLC Method for Separation and Determination of Ketorolac 

Enantiomers in Bulk and Pharmaceutical Formulations Using a Pirkle-Type 

Chiral Stationary Phase. 
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Department of  Pharmaceutical Analytical Chemistry, Faculty of Pharmacy, Tanta 
University, Tanta, Egypt. 

Abstract 

A novel, simple and selective chiral HPLC method for separation and 

determination of ketorolac enantiomers, a potent non narcotic analgesic in bulk 

drug substance and in pharmaceutical formulations has been developed and 

validated. The method was based on the resolution of ketorolac enantiomers on 

(R,R)-Whelk-O 2 chiral stationary phase at 25 °C and mobile phase composed of 

0.1M sodium acetate: 2-propanol (85: 15, v/v) with a flow rate of 1.0 ml/min and 

UV detection at 323 nm. Different factors affecting separation and quantitation; 

such as ;  type and amount of the organic modifier, ionic strength, temperature and 

flow rate on retention and selectivity have been  investigated. The method was 

linear in the range of 5-70 µg/ml for each enantiomer. The method proved to be 

accurate and precise with < 2% RSD. Moreover, the method was robust against 

small variations in method parameters. The method has been successfully  applied 

for the determination of  ketorolac in three different pharmaceutical preparations of 

ophthalmic solution, tablets and injection. The method was highly specific, where 

the co-formulated compounds did not interfere.  
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Superficially porous particles (SPP) are a powerful analytical tool for achieving fast LC 
analyses.  The solid, impermeable core present in these particles increases the 
column efficiency by decreasing the diffusion path.  However, the solid core also 
significantly reduces the surface area that is typically available in traditional fully 
porous materials (FPP). There is a potential concern that arises from a reduction in 
surface area: column loading ability.  Column overloading (mass overload) occurs 
when the amount of material injected onto the column exceeds the available active 
sites of the stationary phase. The purpose of this study was to evaluate a series of 
analytes and determine the effects the solid core has on the loading ability of 
superficially porous particles.    
 
Four columns, varying between SPP and FPP and across particle sizes were used to 
assess mass loading ability.  A neutral, an acidic, and a basic analyte were each 
analyzed under optimized chromatographic conditions and the peak width at half 
height (w0.5) was monitored for each injection in order to determine when the mass of 
analyte exceeded the loading capabilities of the column. 

 
Keywords: Column loading superficially porous particles 
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One of the most popular stationary phases for liquid chromatography (LC) is silica gel 
(SiO2). Separations of permanent gases using SiO2 are performed by means of gas 
chromatography (GC). Higher molecular compounds especially the polar one, can’t 
be separated in gas phase using SiO2. Due to the surface hydrophobization the 
Sil-SiO2 has a unique and interesting properties which could find applicability in GC. 
A research on separation properties of silanized silica gel for gas chromatography is 
described in this paper. A packed column was used for separation of light gases and 
petroleum fractions from atmospheric distillation of the crude oil. The silanization of 
the SiO2 ensures almost complete inertness. In such conditions the elution order of 
compounds is expected to be easily correlated with their boiling point values [1-3].  
The studies revealed, that Sil-SiO2 has a similar separation properties as pure silica 
gel in respect to permanent gases, but the silanization allows to separate more polar 
compounds normally strongly adsorbed on SiO2. The complete separation of normal 
paraffins is possible in the range of C1 to C24 using temperature program. This allows 
to perform separation without the need crio-cooling of the GC oven. The studied 
column proved that Sil-SiO2 is suitable for boiling point distribution determination of 
gasoline and diesel oil in the SIMDIS conditions. 
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Methacrylate based monolithic columns were prepared inside 1-mm internal diameter 
(i.d.) fused silica lined stainless steel tubing (10 – 15 cm). Butylmethacrylate (BMA), 
hexylmethacrylate (HMA) and laurylmethacrylate (LMA) were used as functional 
monomers, ethyleneglycol dimethacrylate (EDMA) as cross linker, and 1-propanol 
and 1,4 butanediol as porogenic solvents. Thermal polymerization (60 to 70 oC) was 
initiated by azobisisobutyronitrile (AIBN). The columns were evaluated for separation 
of alkylbenzenes (toluene, ethylbenzene, propylbenzene, butylbenzene and 
pentylbenzene) and proteins (ribonuclease A, cytochrome C, myoglobin, lyzozyme 
and carbonic anhydrase). Using a linear gradient of acetonitrile (ACN) in 0.1 % (v/v) 
trifluoroacetic acid (TFA) at 500 µL s-1, the columns based on the co-polymers of 
BMA-co-EDMA and HMA-co-EDMA enabled efficient separation of ribonuclease A, 
cytochrome C, and lyzozyme, but failed to separate myoglobin and carbonic 
anhydrase. The column based on LMA-co-EDMA provided efficient separation of the 
five proteins at 100 µL s-1 and 60 oC (P=22 MPa). Separation of alkylbenzenes was 
studied by isocratic elution using 60:40 (v/v) ACN:H2O. The BMA-co-EDMA column 
was not efficient. The HMA-co-EDMA and LMA-co-EDMA columns provided base line 
separation of alkylbenzenes at flow rate of 50 µL s-1 at 60 oC (H =50-60 µm), but with 
significant differences in backpressure (0.39 and 13.6 MPa in the HMA-co-EDMA and 
LMA-co-EDMA, respectively). The columns were of easy preparation, did not shrink 
and were firmly bound to the tube walls. Additionally, along the work with proteins, no 
clogging was observed, a problem that is common in fused silica capillaries with d.i. < 
100 µm.  
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The chlorpyrifos and different formulations based on it are investigated by using  
different chromatographic techiques.The produst of degradations caused by change 
of pH, T, influence of rain, UV radiation have been sistematically investigated The  
stability and efficiency of old and new one liquid formulations; emulsion, suspension 
and oil dispersion have been compared. 

Low concentrations monitoring requires implementation of highly sensitive 
analytical techniques. So in this study it has been developed and validated an original 
and sensitive method for the detection and quantitation of chlorpyrifos formulations 
degradation products during its application to differet fruit, apple.  
This UPLC method has been used for chromatographic separation using an 
ACQUITY UPLC BEH C18, 1,7 μm, 100 mm X 2,1m column and mass spectrometric 
detection in the positve ion mode. Mobile phase: was consited of Solvent A (5 mM 
ammonium formiate pH 3.0) and Solvent B (0.1% acetic formiate in 
methanol),constant flow-rate 0.3 mL/min. The standard curve was linear in the range 
of 0.05–5.00 mg/L for chlorpyrifos. The correlation coefficient was r ≥ 0.99. The 
product of degradations have been identified by retention time: chlorpyrifos at 6,78min, 
trichloropyridinol (TCP) at 5.01min, chlorpyrifos-oxon at 5.52 min .Unambigously 
confirmation has been done by mass spectrometry investigation. on Waters TQD 
instruments. For oil formulations it has been used ASAP MS analysis. Also the 
influence of external factors and storage conditions, have effected to partial 
degradation of chorpyrifos formulations  
.  The method of liquid chromatography–mass spectrometry is simple, accurate,and 
useful for the determination of degradation products of chlorpyrifos formulations.with 
aim to received higher agrochemical efficiency. The method of comparation has been 
GC-ECD chromatography. 
 
Keywords: chlorpyrifos formulations, UPLC-MS, GC-ECD 
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Dialkyl-o-phthalates are the high toxic compounds. The plasticized polymers are the 
main source of the emergence of esters of o-phthalic acid in the environment. Gas 
chromatography-mass spectrometry method coupled with liquid-liquid microextraction 
preconcentration was used for high sensitive determination of o-phthalates in water. 
The optimal extractant volume (10 μL) was calculated from dependence of the 
impurities recovery on partition coefficient of impurities between the extractant 
(n-octane) and water. It was shown that the ultrasound assisted microextraction is an 
efficient method for preconcentration of o-phthalates. Application of extract capillary 
collection solved the problem of the “light” extractant sampling. The following sources 
of systematic errors of the determination of o-phthalates have been found: Leaching 
of dialkyl-o-phthalates from chromatographic septum; o-phthalates impurities in 
solvents; the hydrolytic lability of esters of o-phthalic acid. It was shown that the 
uncontrolled impact of these factors could lead to changes in the actual concentration 
of impurities determined at 1-2 orders of magnitude. The methods of accounting and 
elimination of systematic errors are proposed. Rayleigh distillation method was 
recommended for solvents purification. The storage time of water samples should 
not exceed three days. The lowering of o-phthalates leaching was achieved using 
Merlin septa. The expanded uncertainty was calculated. It included precision, 
uncertainty of standards preparation, calibration, sample introduction, enrichment 
factor. The relative expanded uncertainty was at the level of 12.8-29.6%. The limits of 
detection and quantification of o-phthalates achieved were at the level of 10-5-10-6 mg 
L-1 and were highly competitive with the best world results. 
 
Keywords: Trueness control, detection limit microextraction preconcentration, ultrasonic dispersion, 
esters of о-phthalic acid. 
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The use of 3D printing technology, in both plastics and more recently in metals, has 
received a great deal of attention from analytical scientists and workers in the field of 
diagnostics and portable analytical devices. In the field of chromatography, new 3D 
printing technologies open up new possibilities in instrument design, including column 
design and fabrication, particularly in miniature and compact formats. Herein we 
present work carried out on the design and 3D fabrication of metal (titanium and 
stainless steel) capillary columns, for both particle packed and monolithic (gas and 
liquid) chromatography applications. Designs included double-coiled internal formats, 
within 3 cm square printed metal disks, with incorporated printed column fittings, with 
column dimensions of 0.8 mm I.D. x 600 mm L. The presentation will include details of 
monolithic stationary phase formation within the printed column housing and 
subsequent chromatographic characterisation. The prepared monolithic column was 
applied to the liquid chromatographic separation of intact proteins and peptides. Peak 
capacities of 69-76 were observed during isothermal separation of proteins at 45   
which were further increased to 73-77 using thermal stepping from 60  to 35  
using an in-house built direct-contact heater platform based upon matching sized 
Peltier thermoelectric modules. Rapid temperature gradients were possible due to 
direct-contact between the planar metal column and the Peltier module, and the high 
thermal conductivity of the titanium column. Efficient separation of peptides released 
from a digestion of E.coli was also achieved in less than 35 min with ca. 40 
distinguishable peaks at 210 nm.   

 
Keywords: 3D printing, titanium column housing, monolithic polymers, protein separations 
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Outlet pressure is a crucial parameter to be considered during GC method 
development, since it strongly influences the overall separation quality. In 
comprehensive 2D GC, the specific outlet pressure conditions must be considered for 
proper GC×GC method optimization. 
In the present contribution, method development/optimization will be considered and 
discussed under different outlet pressure conditions, and within the context of 
(low-)flow modulated comprehensive 2D GC, a recently-introduced approach 
[Tranchida PQ et al. J. Chromatogr. A 2014, 1359, 271-276 and J. Chromatogr. A 
2014, 1372, 236-244]. Specifically: I) sub-ambient pressure outlet conditions were 
generated through the use of a mass spectrometer (MS); II) ambient-outlet pressure 
conditions were obtained by using a traditional flame ionization detector (FID); III) 
supra-ambient pressure conditions were attained by using a novel discharge helium 
ionization detector (BID). A series applications of optimized MS, FID and BID 
experiments on real-world samples will be shown.   

 
Keywords: Comprehensive two-dimensional gas chromatography, flow modulation, method 
optimization. 
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HILIC CHROMATOGRAPHY IN THE ANALYSIS OF FLAVONOIDS  
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Flavonoids are regarded as a very interesting object of scientific research due to their 
antioxidant capabilities. It is speculated that they may protect against cancer and 
heart diseases. Additionally, some scientists argue, that flavonoids inhibit the aging 
process. Common method of separation of flavonoids is RP-HPLC using C18 
columns. Hydrophilic interaction liquid chromatography (HILIC), which is dedicated to 
separation of polar compounds, seems to be a good alternative method for the 
separation of these compounds. This method can be characterized as NP-HPLC on 
polar columns using aqueous-organic mobile phases rich in organic solvents (usually 
acetonitrile). High concentration of the acetonitrile in a mobile phase enhances 
ionization in the electrospray ion source of mass spectrometer,  
HILIC coupled to mass spectrometry was employed to study retention behavior of 
several flavonoids from their different groups using the polymeric zwitterionic 
stationary phase (ZIC-pHILIC). It contains sulfobetaine-bonded ligand with an inner 
positively charged quaternary ammonium and an outer negatively charged sulfonate 
functional groups. Two organic solvents – acetonitrile (ACN) and methanol (MeOH) – 
were compared as a component of a mobile phase. Separation parameters such as a 
content of organic modifier, pH of an eluent and a column temperature were studied. 
Using MeOH, in contrast to ACN, strongly retained compounds (myricetin, morin, rutin 
and quercetrin) could be eluted under isocratic conditions. A better sensitivity was 
achieved with MeOH as mobile phase component, particularly for quercetin, 
naringenin and kaempferol.  

 
Keywords: HILIC, flavonoids, sulfobetaine stationary phase 
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DETECTOR (C4D) ON A NEW MODULAR CAPILLARY ELECTROPHORESIS 
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Capacitively coupled contactless conductivity detection (C4D), has become a 
powerful detection method in capillary electrophoresis for a large variety of analytes. 
This universal detection is easy to implement and offers a great flexibility in capillary 
handling (no detection window). In this work, a new modular capillary electrophoresis 
system (Wyn-CE) manufactures by Wynsep SAS is associated to a C4D detector in 
order to analyze inorganic anions and cations and organic compounds in 
environmental and wine samples. 
Thus, sensitive analysis of NH4+, K+, Ca2+, Na+, and Mg2+ in wastewaters and surface 
water is described with the use of a simple background electrolyte composed of acetic 
acid and L-Histidine. Moreover, the case where CE-C4D can help a regional water 
analysis lab for the determination of fluoride anion in very complex wastewater is also 
presented. In this request, CE-C4D appeared as a powerful alternative technic which 
can easily answer to analytical problem for a low cost. 
Finally, C4D detection is also relevant for the analysis of organic compounds. Thus, 
fast and sensitive separations of organic acids in wine (malic, lactic, tartaric acids…) 
and pesticides (glyphosate, AMPA) in water were carried out and tested with success 
on real samples.   

 
Keywords: C4D, capillary electrophoresis, wine analysis, inorganic anions and cations, 
organic acids, pesticides, water analysis 
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Microemulsions are defined as macroscopically homogenous, 

thermodynamically stable, optically transparent, and isotropic dispersions of two 
relatively immiscible liquids consisting of microdomains of one or both liquids 
stabilized by an interfacial film of surface-active molecules. There are two basic types 
of microemulsions: oil-in-water (O/W) and water-in-oil (W/O). W/O microemulsions 
are formed when surfactant-coated droplets of water are suspended in oil. 
Microemulsion electrokinetic chromatography (MEEKC) is an electrodriven 
separation technique which uses microemulsion buffer as a background electrolyte. 
W/O MEEKC is a novel technique used for successful separations of a range of 
water-soluble neutral and acidic analytes. 

The unique diphilic structure of water-in-oil microemulsions has made them 
suitable for a number of applications, for instance in sample pretreatment for the 
extraction of various substances from the objects with complex lipophilic matrix. In 
our work it was demonstrated a novel method of mayonnaise sample pretreatment. 
This technique includes the dissolution by sonicating of mayonnaise in water-in-oil 
microemulsion during 2 min with subsequent determination of preservatives (sorbic 
and benzoic acids) by W/O MEEKC. The variation of sample pretreatment conditions 
allowed one to achieve a quantitative extraction of analytes. 

The method developed is appeared to be simple, express (analysis time – 8 
min, sample pretreatment time – 5 min). The limits of detection are found to be 3.0 μg 
for sorbic and 3.3 μg for benzoic acid per kg of mayonnaise, respectively. Intra-day 
precision in terms of peak area is found to be less then 5.8%, inter-day precision – 
less then 7.5%. 

 
Keywords: sorbic acid, benzoic acid, microemulsion electrokinetic chromatography, water-
in-oil microemulsion, sample pretreatment, W/O MEEKC 

P494

676 sur 745



 
 

Comparison of separation efficiency using modern types of chromatographic 
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Separation of a model mixture of estrogene-active substances (α-estradiol, β-estradiol, 
ethinylestradiol, estron, estriol and ethylparaben used as an internal standard) was 
carried out for comparison of separation efficiency using modern types of 
chromatographic sorbents including high-resolution monolithic and core-shell particle 
columns. As a monolithic sorbent Chromolith HR 100 x 4.6 mm was tested and 
core-shell sorbent corresponded to Ascentis Express C18, 100 x 3.0 mm, 2.7 µm. 
Different chromatographic systems were used throughout the study – HPLC and SIC 
to compare high and low pressure separations. The testing of the separation process 
was carried out with respect to sample volume, flow rate and mobile phase 
composition. The detailed comparison was based on resolution, peak symmetry and 
analysis time values. The obtained results will be discussed. 
 
The authors gratefully acknowledge the support of the specific research of the 
Charles University, No. SVV 260 184.                               

 
Keywords: separation efficiency, HPLC, sequential injection chromatography, monolith, 
core-shell particle column 
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Recently, the idea of using ordered pillar arrays as highly-efficient miniaturized 
separation systems attracted considerable attention of chromatographers. However, it 
was recognized that the improper design and imperfections of the wall region in the 
real microfabricated chip with spatially periodic bulk structure led to the undesirable 
additional broadening of the analyte bands. Since this broadening is inversely related 
to the rate of transverse mass transport in the chip, several studies were devoted to 
the simulations and measurements of the transverse dispersion in pillar arrays. 
Unfortunately, only few models of the dispersion process exist. 
 
Ordered pillar arrays resemble the Galton board. However, the well-known 
Galton-board model of transverse dispersion in chromatographic beds, treating the 
process as a random walk with independent, equally probable steps, fails to describe 
the experimental data. In the present contribution, we propose to treat the dispersion 
process as a Markov chain, specifically as a sequence of such correlated steps that 
the velocity-dependent probability to make a step in the same direction as the 
preceding step is smaller than the probability to reverse the direction of motion. The 
resulting expression for the velocity dependence of the analyte transverse dispersion 
coefficient differs from the one in the Galton-board model by the multiplier that 
accounts for the leveling-off of the experimental dependences at high reduced eluent 
velocities. Although this extended Galton-board model cannot be directly applied to 
low velocities, a few additional assumptions lead to the expression that fits the whole 
range of the recent simulated dispersion data well. 

 
Keywords: high-performance liquid chromatography, ordered pillar array, transverse 
dispersion, extended Galton-board model 

P496

678 sur 745



 
Chiral separations by capillary electrophoresis with alkylammonium chiral ionic 

liquids obtained from amino acids   

 
Stănescu Lucian-Mihai1, Corina-Cristina Aramă1, Crina-Maria Monciu1, Andrei Witek 2 Irina 
Doicin2 
 
1 Analytical chemistry department, University of Medicine and Pharmacy “Carol Davila”, Faculty of 
Pharmacy, 6, Traian Vuia street, 2nd sector, Bucharest, Code 020956, Romania 
2 University of Medicine and Pharmacy “Carol Davila”, Faculty of Pharmacy, 6, Traian Vuia street, 2nd 
sector, Bucharest, Code 020956, Romania 

 
Room temperature chiral ionic liquids (CILs) are a new class of chiral selectors 

first mentioned in 1999 by Seddon and collaborators; alkylimidazolium derived chiral 
ionic liquids act as efficient chiral selectors or cyclodextrins discriminating capacity 
modifiers in capillary electrophoretic or chromatographic separations. 

The aim of this study is to synthesize and characterize new ionic liquids, 
tetrabutylammonium and tetramethylammonium amino acid salts (chiral anions: 
l-leucine, l-phenylalanine, l-alanine, l-tyrosine, l-hystidine and l-aspartic acid) and also 
to investigate their effect on chiral separations of some pharmaceutical active 
ingredients (ondansetron, mianserine).  

The effect on enantioseparation of racemic mixtures of ondansetron and 
mianserine by capillary zone electrophoresis was studied with chiral ionic liquids and 
with and without β-cyclodextrin and its derivatives added in the background electrolyte. 
The effect of CILs and cyclodextrins concentration in the BGE (background electrolyte) 
was investigated and also the effect of the BGE pH, of the applied voltage and 
temperature on the resolution.  

CILs alone were not able to discriminate the ondansetron and mianserine 
isomers, but the results proved that the enantioselectivity is significantly increased 
when CILs were added in the cyclodextrin containing BGE. The separations were 
more efficient in the case of IL synthesized from l-leucine and l-hystidine, with CIL 
levels higher than 10 mM and a 1:1 molar ratio cylodextrin : ionic liquid. 

The results obtained proved the synergistic action of CILs and cyclodextrins in 
recognition and enantioseparation. 

 
Keywords: chiral ionic liquids, enantioseparations, capillary zone electrophoresis.  
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Using an acetone acetal as a water scavenger prior to gas chromatographic (GC) 
analysis of aqueous samples proved to be a useful and versatile tool for the analysis 
of high boiling analytes in aqueous samples using either the full evaporation 
technique (FET)-GC or static headspace sampling (sHS). The sensitivity of FET-GC 
for the analysis of aqueous samples is limited due to the maximum tolerable sample 
volumes in a headspace vial. 2,2-Dimethoxypropane (DMP) was used in this case 
resulting in methanol and acetone as reaction products with water. These solvents are 
relatively volatile and were easily removed by evaporation enabling sample 
enrichment leading to significant improvement in sensitivity for a selection of typical 
high boiling polar residual solvents. Furthermore, an attempt to apply this 
methodology on the analysis of ethylene glycol (EG) prior to derivatisation with either 
N,O-Bis(trimethylsilyl)trifluoroacetamide (BSTFA) or phenyl boronic acid (PBA) 
revealed that DMP also simultaneously reacts with EG to form 
2,2-dimethyl-1,3-dioxolane (2,2-DD). Although this product is relatively volatile (bp 
93 °C) and not easily retained during solvent evaporation, it is still possible to perform 
analysis by using the static headspace (sHS) methodology. The method was validated 
for EG in water and applied on contact lens fluid samples. Finally, by carefully 
selecting the type of acetal it would be possible to tune the properties of the resulting 
sample solution. If the resulting alcohol and ketone are less volatile, it would be 
possible to perform sHS analysis at higher temperatures resulting in higher sensitivity 
for analytes. 

 
Keywords: Full Evaporation Technique, 2,2-Dimethoxypropane, Ethylene glycol, Polar 
analytes, High Boiling 
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Cyclodextrins (CDs) have been proposed as remediation agents of soils contaminated 
with hydrophobic compounds. They have a low-polarity cavity allowing the formation 
of inclusion complexes. This property provides CDs the capacity to increase the 
apparent water solubility of pollutants so; they can improve the availability for 
biodegradation. Multiple interactions may be involved in the CD-contaminant-soil 
matrix system. Therefore it is desirable to discriminate between free and CD-included 
species in the different phases to obtain a better system description. Chlorpyrifos is 
not fluorescent; however, their photo-products exhibit fluorescence in the presence of 
CDs. This fact can be applied for the analytical determination of the CD-included 
species in the equilibrium solutions from sorption studies on different soils. 
 
In this work we studied the behavior of chlorpyrifos complexes with CD, methyl-CD 
and 2-hydroxipropyl-CD. The influence of pH, exposure time, CD concentration and 
oxidants presence on the induced fluorescence was assessed by irradiating with a 
low-pressure Hg lamp (254 nm). Fluorescence intensity was measured at the 
analytical excitation and emission wavelengths 378/436 nm. The optimum conditions 
for the irradiation were pH4, time 13-18 min, the presence of H2O2 at 50 mg L-1, and a 
CD concentration between 10 and 12 mM. The whole method presented a linear 
response up to a concentration equivalent to 10 mgL-1 of chlorpyrifos. LOD values 
were  0.15 mg L-1. Slight matrix interferences were observed when the complex was 
determined in the equilibrium solutions obtained for two different soils. They were 
solved through calibration in the presence of matrix.       
 
 
 

 
Keywords: Chlorpyrifos, cyclodextrins, inclusion complexes, fluorescence.  
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SAFIRR is a technology transfer service supported by the Molecular Spectroscopy 
Group (GSM) of the Institute of Molecular Science (ISM-UMR 5255) and is the interface 
between industrials and the different areas of expertise of the GSM. SAFIRR is handled 
administratively by ADERA, Association for the Development of Education and 
Research at universities, research centers and businesses of Aquitaine 
SAFIRR offers theoretical and/or experimental training, customized to individual needs, 
and implements collaborative projects to respond to needs of innovation and expertise 
of companies in all applicative sectors. For example, in cosmetic, biomedicine and 
pharmacology, we can determine the composition of a tablet, a pharmaceutical or 
cosmetical solution/cream. We also can identify a possible pollution or an interaction 
of molecules with biological tissues/cells. In the domains of materials, polymers and 
nanotechnology we can establish the chemical composition, the pollution, the origin of 
aging/corrosion and test their optical and physicochemical properties 
(thermal/electrical conduction) after treatments. In environment and food sectors, we 
can bring out and identify air pollutants, water or food contaminants and various 
changes in products. Finally, in cultural heritage, gemology and mineralogy, we can 
identify gems and pigments in order to authenticate, date and verify the provenance of 
cultural objects. 
To achieve these applied research projects in collaboration with industrials, SAFIRR 
relies on a unique technical platform in France that encompass seven micro-Raman 
spectrometers, six infrared spectrometers, two infrared microscopes and other 
complementary equipments (AFM, fluorescence, UV-visible absorption 
spectrometers...). 

 
Keywords: Vibrational Spectroscopy, training, analysis, polymers, materials, pharmacology, 
cosmetology, cultural heritage. 
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Spectral methods of analysis are widely used to study the physicochemical properties 
of natural and synthetic materials. Data produced by spectral instruments can be 
represented as a sum of elementary peaks. Peaks are often strongly overlapped. The 
fitting a model to the experimental data is the dominant method of separation currently 
used in spectrochemistry. The reliability of peak parameters obtained by curve fitting 
will affect the reliability of the results of the qualitative and quantitative analyses. 
However, obtained data was tested using relatively small number of experimental or 
synthesized objects. Based on the concept of Big Data Modeling, the errors in 
determining peak parameters (EPP) of noisy Gaussian doublets, triplets and quartets 
using the least squares non-linear curve fitting and genetic algorithm have been 
evaluated. To reduce a number of the models to hundreds of thousands quasi optimal 
sets of possible model parameters (experimental design) were determined. The 
models have also been created using the first-order derivative spectra. The initial 
guesses of parameters were uniformly distributed over the interval (1∓K)*V, where 
K=0.2, 0.5 and 0.7, V is the correct parameter value. Results of 20 replicates of each 
experiment were averaged. 
Statistical moments of the EPP distributions have been calculated. The probability that 
the relative error in estimating each model parameter will not be greater than a priory 
given limit for a given fitting error has been found. Obtained results showed that small 
fitting error does not guarantee that a fitting algorithm does converge to the correct 
peak parameters. 

 
Keywords: spectrochemistry, overlapping peaks, curve fitting, errors of peak parameters  

P501

683 sur 745



 
 

A NEW FLUORESCENT TURN-OFF PROBE FOR HIGHLY SENSITIVE AND 
SELECTIVE DETECTION OF SO2 DERIVATIVES IN A MICELLAR MEDIA 

 
Marisol Gómez1, Margarita E. Aliaga1, Edwin G. Perez1, Faruk Nome2, Carlos Bravo-Díaz3 

and Verónica Arancibia1. 
 

1 Facultad de Química, Pontificia Universidad Católica de Chile, Santiago, 7820436, Chile. 
2INCT-Catalysis, Departamento de Química, Universidade Federal de Santa Catarina, Florianópolis, 

88040-900, Brazil. 
3 Facultad de Química, Universidad de Vigo, 36200 Vigo Spain. 

 
Sulfur dioxide (SO2) is commonly used as an antioxidant and antimicrobial in many 
processed foods. Despite its widespread use and proven as a preservative, SO2 
derivatives (sulfite and bisulfite species) are attributed various adverse health effects 
associated with their intake1-2. Considering this, the development of selective and 
sensitive analytical methods for the detection of these derivatives has attracted great 
attention. 
 
In this work, a novel isoxazole derivative (1, see structure in Scheme) was 
synthesized and characterized using common spectroscopic tools. The chemosensor 
behavior of 1 towards various analytes was explored and we found that 1 follows a 
‘switch-off’ mechanism only during SO2-derivatives sensing with a limit of detection 
near 10-6 M. As shown in Scheme, a recognition mechanism is proposed, based on a 
Michael addition reaction toward 1 induced by SO2-derivatives and favored by a 
micellar media. The latter is based on the absorption and fluorescence changes, 
1H-NMR experiments and a voltamperometric method. In addition, the observed rate 
constant values for this reaction were obtained in different media.  
  
 
 

 
 
 

 
Scheme. The structure of the tested probe (1) and the proposed recognition mechanism. 

 
 
Keywords: Fluorescent Probe, SO2 derivatives, Micellar Media, Michael addition reaction. 
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 The safety improvement of lithium ion batteries (LIB) is one of the most important 
subjects in the energy field. We have developed a unique LIB electrolyte with the 
fluorinated solvent, AE3000TM. Although lithium salts are generally insoluble in 
fluorinated solvents, we successfully obtained a homogeneous electrolyte by adding 
γ-butyrolactone (GBL) and dimethyl carbonate (DMC) to give Li+ complex dissolved in 
the fluorinated solvent. The coordination state of Li+ in electrolytes are well known to 
relate with the safety of the solutions, however, few reports have been published 
regarding that in fluoride-based electrolytes. In this study, we elucidated the 
coordination state of Li+ in the fluorine electrolyte by Raman and NMR spectroscopy. 
 The peak interferences between GBL and DMC made it difficult to evaluate how 
much these ligands coordinated to Li+ by Raman spectroscopy. We successfully 
determined the quantity of coordinated ligands from 13C NMR chemical shift of C=O 
without any peak interferences. In this method we first measured Raman and 13C 
NMR spectra of the electrolytes with either GBL or DMC and investigated the relation 
between the quantity of coordinated molecules determined from the Raman spectra 
and the chemical shift of C=O in the NMR spectra. As a result, the coordination state 
can be understood only by measuring an NMR spectrum of the electrolyte including 
both GBL and DMC. The detailed analysis method and evaluation results of the 
coordination state will be discussed. 

 
Keywords: electrolyte, fluorinated solvent, coordination state 
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Invasive algae cause major problems to aquatic ecosystem. Actual treatments do not 
take into account both algaecide efficiency and environment impact. Our main objective in 
the BioCapTech project is the employment of chemical active substance (CAS) with 
selective allelopathic effect and very low environment impact. To achieve such objective, it 
is necessary to measure in situ the CAS concentration precisely and to monitor both the 
dissemination in environment and chemical degradation. We use for that purpose the 
Raman spectroscopy technique. 

Given that, the conventional Raman spectroscopy, assisted by chemiometric 
methods, do not achieve a very high sensitivity necessary for our application. We developed 
a new approach based on the SERS (Surface Enhanced Raman Scattering) technique using 
silver nanoparticles. This approach permits the measurement of very low CAS 
concentration, down to 0.1mg/l, with high degree of repeatability. CAS concentration was 
quantified precisely by chemiometric-assisted SERS up to 2.0mg/l which is the higher limit 
minimizing the environment impact.  

The developed technique was used to monitor CAS in natural water with macro 
particles and others molecules. It is obviously necessary to take into account the effect of 
these particles and molecules, then discriminate the CAS response in the SERS signal. To 
achieve such discrimination we used filtration to eliminate macro particles and in-depth 
analysis of SERS spectra to understand the impact of other molecules on CAS related 
bands. In the next step we developed a portable SERS spectrometer and consumable 
substrate designed for the CAS monitoring in natural water. 

Keywords: Raman, SERS, environment, algaecide, water, in situ  

We acknowledge FEDER and the Région Lorraine for their support. 

 

P504

686 sur 745



 
 

Benzene biodegradation kinetics and soil microbial respiration characterized 
by Raman gas spectroscopy 

 
Tobias Jochum1, Beate Michalzik2, Anne Bachmann1, Jürgen Popp1,3,4 and Torsten Frosch1,3 
 
1 Leibniz Institute of Photonic Technology, Albert-Einstein-Str. 9, 07745 Jena, Germany 
2 Institute of Geography, Friedrich Schiller University, Loebdergraben 32, 07743 Jena, Germany 
3 Institute for Physical Chemistry, Friedrich Schiller University, Helmholtzweg 4, 07743 Jena, Germany 
4 Abbe Center of Photonics, Friedrich Schiller University, Max-Wien-Platz 1, 07743 Jena, Germany 

 
Bacteria have developed manifold strategies for obtaining energy from a variety of 
compounds including benzene, as its ring is one of the most widely distributed chemical 
structures in nature. Here, aerobic processes are energetically most favorable and 
gaseous oxygen (O2) acts as electron acceptor. Cavity enhanced Raman spectroscopy 
(CERS) was applied to investigate in vivo the short-term response of soil micro-flora to 
a sudden surface contamination event with benzene regarding the temporal variations 
of gas products and their exchange rates with the adjacent atmosphere. By isotopic 
labeling of the chemical precursor benzene (13C6H6), the two different, but 
interdependent microbial processes of benzene biodegradation and heterotrophic 
respiration could be separated by analyzing their specific products: 13CO2 and 12CO2, 
respectively. The respiratory quotient (RQ) decreased from value of 0.98 to 0.46 
directly after the spiking and increased again within 33 hours to a value of 0.72. This 
coincided with maximum 13CO2 concentration rates (0.63 µmol m-2 s-1), indicating 
highest benzene degradation at 33 hours after the spiking event. The diffusion of 
benzene in the headspace and the biodegradation into 13CO2 were simultaneously 
monitored and 12 days after the benzene spiking no measurable degradation was 
detected anymore. The RQ finally returned to a value of 0.96 demonstrating the 
reestablished aerobic respiration.  

 
Keywords: Biodegradation, Microbial respiration, Raman spectroscopy, soil contamination 
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Despite the fact, that Carbon monoxide (CO) is a poisonous gas, it is endogenously 
generated in mammalian organisms and plays a role as cellular signaling molecule. To 
study the influence of CO on cells, CO releasing molecules (CORMs) are developed 
which can liberate CO in a controlled manner. The knowledge of their decay 
mechanism and kinetics is essential for their biological application to regulate the CO 
dose as well as to avoid side effects and toxicity of the CORM or its end products. In 
this contribution the decays of several CORMs are studied via time-resolved, contact-
free molecular spectroscopy, mainly FTIR absorption spectroscopy. To characterize 
their CO liberation different technique and setups are used. The gas phases above 
decaying CORMs are monitored via IR spectroscopy to quantify the released CO 
amount and to determine the time rate. The carbonyl vibrations of CORMs are 
recorded to directly observe the degradation of the educts. In addition, the remaining 
substances of these reactions are measured and identified with support of density 
functional theory calculations. The investigated CORMs are metal carbonyls and their 
CO release mechanisms are initiated by different triggers. One compound is CORM-2 
(Ru2(CO)6Cl4), a solvent exchange CORM, where CO is released, when dissolved in 
dimethyl sulfoxide. The CO release from CORM-2 is studied under different reaction 
conditions which result in different amounts of liberated CO. The other measured 
CORMs are photoactive, their CO release starts upon irradiation with light. 
 
 
Keywords: CORMs, CO release, Carbon monoxide, vibrational spectroscopy, reaction 
kinetics 
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The proposed method for exponential fitting of the luminescence decay is based on 
the integration of the luminescence signal in two temporal windows. The first 
integration window of width T1 is applied on the luminescence curve when the 
excitation optical signal is on, and the steady state of the sample has already been 
reached. The second window is applied to cover the whole signal decay, that is, from 
0 to ∞ (in the practical, this is taken as a time T2 much higher than the expected 
lifetime). 
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From the obtained measurements D1 and D2 expressed in Equations (1) and (2), the 
characteristic parameters of the exponential decay, amplitude and lifetime, are 

calculated as 1
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If the sample shows several lifetimes, and in consequence the luminescence decay is 
fitted to a multiple exponential function, this algorithm is still suitable for the obtaining 
of the mean amplitude and mean lifetime, defined as (3) and (4) , where n exponential 
terms are considered. 
Since the integration times used in this method are not dependant on the expected 
value of the lifetime, but for the condition that the temporal window W2 is much wider 
than the decay time, this algorithm does not require the use of very fast 
instrumentation or having other previous knowledge of the decay time except an 
estimation of its order of magnitude to ensure that T2 >> τ. This method has been 
successfully applied to measure the oxygen concentration by quenching in PtOEP. 
 
Keywords: Luminescence, Lifetime measurement, Integration window. 
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We present the implementation of a cost effective technique for rapid 2D spontaneous 
Raman imaging based on a digital scanned light sheet microscope (DSLM) reported 
previously1. We used cw sources in the excitation and interferometric tunable filters in 
the detection to retrieve the spectral information. A controlled tilt of the filter tunes its 
cut on/off wavelength along the excited Raman bands tracing in that way the 
integration of their intensities on each image pixel; resembling the so called razor 
blade technique to measure laser intensity profiles. A further derivation of the images 
stack with respect the tuned cut off wavelength retrieves the Raman spectral 
information with good spectral resolution and allows the discrimination of 
non-resonant signal from auto fluorescence and Rayleigh scattering. The proof of 
principle of the technique is shown at the C-H (2700-3100cm-1) region of DMSO. 
Raman spectra (Figure 1a) and the feasibility of the technique for hyper spectral 
imaging on 3D samples is demonstrated using a composition of polystyrene beads 
and lipid droplets immersed agar (Figure 1b). This technique paves the way for 
studies on microbiological samples using spontaneous Raman imaging as widely 
used in CARS and SRS microscopy. 

 
 
 
 
 
 
 
 
 

 
 

Figure 1.- Proof of principle of Raman imaging using  DSLM. a) Spectrally resolved Raman 
on DMSO  and b) maximum intensity projection Raman image of a sample containing 

polystyrene beads (PB) and lipids droplets (LD). 
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Benzene, toluene, ethylbenzene and xylenes (BTEX) monitoring is of environmental 
interest since these pollutants are omnipresent. The present work deals with a method 
that enables to identify and quantify BTEX mixtures in water. On one hand, a study 
was carried out using Raman spectrometry[1-3] and SIMPLISMA algorithm[4] to ensure 
the feasibility of the method on concentrated solutions in organic phase. Moreover, 
pre- and post-processing were achieved to remove background[5] and to accomplish 
automatic matching between the measurements and an home-made database. Once 
identified the different pollutants, a last program module calculated their quantities. On 
the other hand, surface enhanced Raman spectrometry (SERS) was used to 
decrease the detection level of BTEX from hundreds to several ppm and less[6-9] in 
aqueous phase. This methodology can be used to probe other pollutants of 
environmental interest such as polyaromatic hydrocarbons (PAHs) and chlorinated 
hydrocarbon derivatives. 
    
 
Keywords: BTEX, SIMPLISMA, SERS, Raman 
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An analytical method for the simultaneous determination of Au (III) and Pd (II) was 
developed. The Technique used was spectrofluorimetry for it was necessary to 
incorporate the ligand 4-amino-2,1,3-benzothiadiazole (BTAA).  
 
Moreover the effect of pH was analyzed, showing that acidic pH favored complex 
formation for both metals, further was observed a contribution from the Cl- ions in the 
complex formation, because without them no formation. Therefore was worked with 
2M HCl. 
 
The measurement is indirect because the complex did not have fluorescence but with 
increasing concentration of the complex, caused an increasing intensity of 
fluorescence which is produced by an increase in rigidity of the system, induced for 
the complex-resin interaction. 
 
The sensitivity of the method using SPE was increased. Preconcentration and 
chemical variables were optimized by selecting a cation exchange resin Bio-Rad AG 
50W-X2, mass of resin of 150 mg, a relation 1-500, metal-ligand and stirring for 30 
min. For the simultaneous determination is selected first order derivative, a 
wavelength of excitation of 350 nm and a slit 10 to 10 nm. Analytical wave lengths 
were 441 and 451 nm Au (III) and Pd (II), respectively. 
 
The detection and quantitation limits of Au (III) was 553,5 ng/L and 1,24 (ug/L) and Pd 
(II) 412, (ng/L) and 1,86 (ug/L) respectively. The percentages of recuperation was 
between 98-102% and DER was less 4% for sample intra and inter day. 
 
The method is applied in waste jewelry, interfering study currently underway, finding 
that copper and nickel were not interfering. 

 
Keywords: Palladium, Gold, Solid phase preconcentration, spectrofluorimetry derived. 
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The heavy metal pollution is a global problem and it causes threat to the environment 
and human health, that is why the determination and quantification of CH3Hg+ and Hg 
(II), represents a great scientific interest. This study aims is the determination of these 
analytes at the state of complex with 2,5-dimercapto-1 ,3,4-thiadiazole (DMTD) and 
the instrumental measurement is performed directly in the solid phase by  
spectrofluorimetry. By univariate method we selected pH 9, favoring the formation of 
an anionic complex with both analytes, allowing retention on ion exchange resin 
DEAE Sephadex A-25. Using Job’s method we found that the stoichiometry of the 
complex is 1:2 for Hg(II)-DMTD complex and 1:1 for CH3Hg+- DMTD complex. The 
determination of the conditional constants were determined being for Hg(DMTD)2-2 
and CH3Hg(DMTD)- 1.29 x 106 and  1.88 x 106, respectively. As stated above the 
technique used for developing this method was fluorimetry, that is why is necessary to 
know the length of excitation for determining the solid phase complex. One being 
chosen for both analytes λex = 314 nm with a "slitem / excit" 10-20, respectively. In order 
to get quality results, in optimal conditions of the formation and retention of complexes 
the following analytical parameters were obtained: For Hg (DMTD)2-2 and 
CH3Hg(DMTD)- were obtained 397 and 399 nm as the analytical wavelength, yielding 
to limits of detection and quantification of 3.72 x 10-9M and 1.24 x 10-8M for Hg 
(DMTD)2-2 and 2.42 x 10-9M and 8.06 x 10-9M for CH3Hg (DMTD)-, respectively.  

 
Keywords: mercury, methylmercury, determination, spectrofluorimetry. 
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The use of anabolic products to improve performance is prevalent in professional and 
leisure sports. The safety of these products without quality control is not guaranteed, 
and many cases of side effects were reported. The laboratory of ANSM receives 
regularly such samples from customs or police seizures.  
 
A spectroscopic investigation on anabolic tablets labelled with methandienone 5 
mg/tablet was carried out in order to conclude on their composition. The analytical 
approach is based on a two-steps methodology: fast non-destructive analysis of a 
great number of tablets using near infrared (NIR) spectroscopy in order to assess the 
homogeneity of samples based on their global composition, and then Raman chemical 
imaging of one sample per NIR profile in order to obtain information on the samples 
formulation. NIR spectroscopy assisted with principal components analysis (PCA) 
enabled the fast discrimination of four different profiles out of eight samples of anabolic 
tablets, based on the excipient formulation. Raman hyperspectral imaging and 
multivariate curve resolution – alternating least square (MCR-ALS) gave chemical 
images of the distribution of the active substance and excipients within tablets, and 
achieved the identification of the active compounds. Some samples contain an 
anabolic steroid compound, either methandienone or methyltestosterone, and one 
contains no active substance. The other ingredients are sucrose, lactose, starch or talc.  
 
Both vibrational spectroscopic techniques are fast and non-destructive, and can be 
implemented as exploratory methods prior to other destructive testing methods. They 
are ideal tools for the analysis of samples of unknown composition. 
 

 
Keywords: anabolic, near infrared, Raman, chemometric 
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Glutathione protected gold clusters (AuNCs@GSH) were used to investigate the 
effect that addition of alkali (sodium and potassium) salts at low concentrations (10-4-
10-3M) have on their fluorescence properties. It was found that addition of alkali salt 
does not modify the emission wavelength of AuNCs@GSH, but the fluorescence 
intensity undergoes a gradual increase as the salt concentration increased. Moderate 
binding constants (1.2-3.8 x 103 M-1) are observed for all potassium and sodium 
salts. Luminescence decays of AuNCs@GSH  were obtained by time resolved single 
photon counting and results revealed  the existence of two lifetime components, a 
short life component with an average lifetime of  0.034 ± 0.011 ns and a long life 
component with an average lifetime of 1.464 ± 0.931 ns. The band gap of the 
AuNCs@GSH decreased from 2.80 eV for the neat AuNCs@GSH to 1.42 eV in 
presence of KSCN and Na2SO3.  Among the different salts assayed, the 
photoluminescence of the clusters was particularly enhanced in presence of KSCN. 
Substitution of a bulky ligand such as GSH by SCN-, may increase the intra- and 
intercomplex Au(I)….Au(I) aurophilic interactions and, consequently, the 
luminescence intensity of the cluster.  These results illustrate the role of anions and 
monovalent cations commonly used in buffers, in tuning the fluorescent behaviour of 
AuNCs@GSH, which should be taken into account when using the fluorescence 
enhancement/quenching of AuNCs@GSH for sensing both metal ions or 
(bio)molecules [1].  
 

 
Keywords: gold-glutathione nanoclusters, fluorescence enhancement, monovalent ions, 
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The interactions of mercaptoundecanoic acid functional gold nanoparticles (AuNPs-
MUA), glutathione protected gold clusters (AuNCs@GSH) and bovine serum albumin 
protected gold clusters (AuNCs@BSA)  with serum albumins from five different 
mammalian species, i.e. human, bovine, porcine, sheep and rabbit, have been 
investigated by fluorescence spectroscopy and circular dichroism. The binding 
constants, the number of binding sites and the quenching constants were calculated 
at different temperatures. The effective quenching constants as well as the 
thermodynamic parameters for the interactions were also evaluated. Although serum 
albumins of animal origin share about 60% identity with human serum albumin 
(HSA), these studied revealed that important differences in binding interactions with 
gold nanoparticles exist. Also, essential differences in the thermodynamic parameters 
of AuNPs-albumin aggregates were observed.  The results described here can help 
to further understand the relationship between structure and nanoparticle binding 
sites in HSA and other mammalian orthologs.  
 

 
Keywords: gold-nanoparticles, gold-nanoclusters, mammalian serum albumins, binding 
constants 
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The micro-scale imaging techniques in both vibrational IR spectroscopy and IR 

thermography are used extensively for characterization of materials in recent years. 
We developed novel system, which combines two imaging techniques. The system 
enables a simultaneous measurement of IR spectroscopic and thermal imaging in 
micro-scale. 
The new instrumentation consists of a diffraction grating, condenser, hot stage and 

IR camera with microscope lens. The thermal and the spectroscopic images are 
alternatively recorded with the synchronization signal of the chopper and the shutter, 
which attains the high simultaneity in the measurement.  
In order to apply this setup to the dynamic thermal phenomena such as phase 

transitions, the continuous measurement on cooling and heating is examined. 
Succeeding the part I, this study reports the simultaneous measurement of infrared 
transmission images at a single wavelength and the thermal image that are captured 
in each 200ms interval with a spatial resolution 4m.  
With this setup, the phase change of n-alkanes was observed as a temperature peak 

and a step change of the spectrum at phase transition temperature. The simultaneous 
measurement of thermal and IR spectrum in the dynamic process is a valuable tool for 
the structural analysis of materials in micro-scale. 
 

 
Keywords: microscale IR thermography, spectroscopic thermal imaging, phase transition 
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We synthesized a series of conjugates of hemin and its aptamer EAD2, named covalent 

peroxidase-mimicking DNAzymes (cPMDNAzymes), varying the length, rigidity and 5’-

/3’-position of the linker between the oligonucleotide and hemin. Systemic structure-

activity relationship study of these cPMDNAzymes showed that cPMDNAzyme with 

hemin bound to the 5’-end of EAD2 via T10 spacer (cPMDNAzyme(T10)) demonstrated 

the highest activity in luminol oxidation assay. Its activity was significantly higher in 

comparison to the non-covalent complex of hemin and aptamer EAD2 

(ncPMDNAzyme). Comparison of the detection limit values for the cPMDNAzyme(T10) in 

the reactions of oxidation of luminol and ABTS, which were equal to 0.2 and 1.6 pM, 

respectively, showed that the chemiluminescent method of cPMDNAzyme(T10) 

detection is preferred over the colorimetric one. Similarity of the detection limit values 

for the cPMDNAzyme(T10) and horseradish peroxidase, whose activity was measured in 

an enhanced chemiluminescence reaction (0.25 pM), opens up very promising 

perspectives for the development of highly sensitive cPMDNAzyme(T10)-based assays 

and devices. This work was supported by the Russian Foundation for Basic Research 

(13-04-00364). 

 
Keywords: DNAzyme, aptamer, peroxidase, spacer, chemuliminescence, colorimetry, 
sensitivity 
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The nature of tautomeric processes in azocompounds serving the role of chelating 
analytical reagents has attracted considerable attention, both from experimental and 
theoretical points of views that are important for the case of optical sensors as well as 
photometric complexing reactions. It is well-known that the azo-hydrazone tautomeric   
equilibrium of 1-phenylazo-4-naphthol (PAN) can be strongly affected by the solvent 
and substituent nature due to the lack of intramolecular hydrogen bonding. For this 
reason this group of azocompounds was chosen as models for study micellar 
microenvironment as well as substituent effect on the azo-hydrazone tautomerism. 
For the purpose of illustration the substituent effect we synthesized and compared 
absorption spectra of six azocompounds: PAN and its ortho-SO3H and ortho-COOH 
derivatives as well as the same derivatives but containing SO3H group in phenyl ring 
at the para-position to azogroup. The tautomeric equilibrium of the reagents was 
studied in aqueous solutions of cationic, anionic and nonionic surfactants. It was 
shown that cationic surfactants can change the equilibrium of all reagents both in ionic 
and micellar form but anionic and nonionic ones in micellar form only. We found that 
changes in the wavelength of maximum absorption depend on the presence and the 
nature of substituent as well as nature of micelles in which they are solubilized. Using 
aqueous ethanol or other mixed solutions the effective dielectric constants and ET-30 
solvent parameters in the local microenvironment of the reagents in micelles were 
calculated. The effect of these parameters on the spectra and tautomeric constants 
were discussed.            .    

 
Keywords: Azocompounds, tautomeric equilibrium, micelles  
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A cost-effective and environmentally friendly approach using a simple sequential 
injection spectrophotometric system with non-synthetic reagent from plant extracts 
has been proposed for green analytical chemistry methodology.  The crude aqueous 
extracts from heartwood of Ceasalpinia Sappan Linn. in acetate buffer pH 5.5 is 
utilized as an alternative natural reagent for quantification of aluminium.  The extract 
contained homoisoflavonoid compounds, brazilin and brazilein, which could react with 
Al3+ to form reddish complexes which had maximum absorption wavelength at 530 nm.  
The optimum conditions for the sequential injection parameters such as sequential 
profile, sample and reagent volumes and pH effect were investigated.  Under the 
optimum conditions, a linear calibration graph in the range of 0.075-1.0 mg L-1 Al3+ 
was obtained with limits of detection and quantification of 0.021 and 0.072 mg L-1 Al3+, 
respectively.  Relative standard deviation of 2.4 % for 0.25 mg L-1 Al3+ (n=11) and 
sampling rate of 128 injections h-1 were achieved.  The developed system was 
successfully applied to pharmaceutical preparations, water and beverage samples.  
The results agreed well with those obtained from the ICP-AES method.  Good 
recoveries between 89 and 104% were obtained. 

 
Keywords: Green analytical chemistry; Aluminium; Sequential injection spectrophotometry; 
Natural reagent  
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The confocal Raman microspectrometry have been extensively used for 
characterization of individual particles with atmospheric interest (Delhaye et al., 1979; 
Vehring et al., 1998; Ivleva et al., 2007; etc) since it provides accurate identification of 
inorganic and organic species within liquid or solid single particles with a lateral 
resolution of about 1 µm2. However, most of the studies reported Raman 
measurements by using manual mode i.e. manual analysis with one spot for one 
particle, giving (i) a limited number of analyzed particles and (ii) a poor description of 
the state of chemical mixture within individual particles which can be heterogeneous 
even at the particle scale.  
Using the motorized XY stage adapted for the microspectrometer allows analyzing a 
significant number of particles or scanning a defined area with a 0.1 µm step size. In 
addition, the optical microscopy can be used for recording images which are suitable 
for image analysis. Finally, the accurate expert treatment of spectral data set such as 
Multi Curve Resolution (MCR) methods considerably reduces the data treatment time 
and significantly improves the species identification as previously demonstrated 
(Windig et al., 2002).  
In this work we validated and applied both methodologies, i.e. automated Raman 
microscopy and Raman imaging for the collected atmospheric particles. The 
combined use of optical microscopy and statistical data treatment is suitable to obtain 
the size distribution of molecular species within samples. We provided robust 
methodology for both detailed characterization of the atmospheric particle samples 
and fine description of a single particle internal structure. 
 

 
Keywords: Raman microspectroscopy, chemometric, atmospheric aerosols 
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SPECTROPHOTOMETRIC DETERMINATION OF MICROGRAM AMOUNTS OF 
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ABSTRACT 
 
 

Propericiazine(PPC) is proposed as a new sensitive and selective reagent for 

the spectrophotometric determination of microgram amounts of platinum. PPC forms 

a pink complex with platinum(IV) at room temperature (26+20 C) in hydrochloric acid - 

sodium acetate buffer medium containing copper (II) ions. The complexation is 

complete within 10 min. The complex exhibits an absorption maximum at 520 nm with 

a molar absorptivity of 1.204 X104 liters mol-1cm-1. Beer’s law is obeyed over the 

concentration range 0.5-12.2 ppm of platinum. A 50-fold molar excess of the 

chromogenic regent is necessary for the development of maximum colour Intensity. 

Job’s method of continuous variation, the molar ratio method, and the slope- ratio 

method indicate a 1:1 composition for the complex. The effects of pH, time, 

temperature, reagent concentration, order of addition of reagents and interference for 

various ions are reported. The reagent has been used successfully for the 

determination of platinum in minerals and alloys. 

Procedure: To an aliquot of the sample solution containing 12.5 – 305 µg of 

platinum (IV) were added 5 ml of hydrochloric acid- sodium acetate buffer of pH 2.1, 

1ml of 0.1M Cu(II) sulphate solution, and 3.0 ml of 0.5% propericiazine solution. The 

solution was diluted to 25 ml with distilled water, mixed thoroughly, and the absorbance 

measured at 520 nm against a reagent blank solution after 10 min. The platinum 

concentration of the sample solution was determined using a standard calibration 

curve. 
Key words: Spectrophotometry, propericiazine, platinum. 
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The influence of human immunoglogulin G (hIgG) and bovine casein on horseradish 

peroxidase (HRP) - catalyzed chemiluminescence (CL) in the absence and presence 

of enhancers (p-iodophenol and 3-(10′-phenothiazinyl)propane-1-sulfonate/4- 

morpholinopyridine) was studied. The introduction of the studied proteins to the 

reaction solution in the concentration range, equal to working ranges of 

immunoassays of proteins, increased the light output in HRP-catalyzed CL regardless, 

whether enhancers were used or not. The preincubation of HRP with hIgG or casein 

performed prior to the initiation of luminol oxidation significantly reinforced the 

amplification effect of the proteins. Mechanism of the enhancement of protein-induced 

CL was examined. Comparison of the calibration curve of the developed enzyme 

immunoassay based on CL resonance energy transfer (CRET-EIA) of hIgG using 

graphene oxide (GO) as a quencher with the curve reflecting the dependence of CL 

intensity on hIgG concentration obtained in the absence of GO, which were similar, 

demonstrated that the protein-induced effect should be taken into account at 

interpretation of results of CRET-EIA.   

 
Keywords: chemiluminescence, proteins, peroxidase, resonance energy transfer 
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Polyvinylidene fluoride (PVDF) is an ideal polymer for the protection of photovoltaic 
cells due to its UV stability and its resistance to the outside conditions. It has a semi-
crystalline structure which can take several forms depending on the manufacturing 
process. The two main forms are α (TGTG' configuration) and β (all-TTT configuration) 
phases. A third γ-phase (T3GT3G’ configuration) can be formed with high temperature 
annealing and specific thermal conditions. These forms can coexist and govern the 
physical properties of the polymer.  
We propose through this study to try to explain the thermal behavior of these coexisting 
phases. For that, DSC study coupled with Raman spectroscopy was done to 
understand each stage of phase transition from 20°C to 200°C. 
Previous interpretation work was made on the Raman spectra, and allows to follow the 
crystalline phases independently. Evolutions of these phases were thus monitored 
thanks to the Raman spectra. Derivative of the obtained evolutions were compared to 
the DSC curve and both results match. 
Moreover, crystallization of γ-phase between 170 and 175°C was demonstrated thanks 
to FTIR measurement and by varying the heating procedure.  
Thus, this coupled approach at the macro- (DSC analysis) and the molecular 
(Vibrational spectroscopies) scales allows a better understanding of the thermal 
behavior of PVDF.  

 
Keywords: Raman spectroscopy, Thermal transition, DSC, FTIR spectroscopy, PVDF 
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Hydrogen peroxide is an environmentally friendly oxidizer utilized in a variety of 
industrial processes owing to its versatility, safety, high solubility in water and many 
organic solvents. The products of decomposition of hydrogen peroxide are water and 
gases oxygen:  

2 2 2 22 2H O H O O   
Real-time monitoring of its concentration is one of the key factors in the optimization of 
manufacturing procedures and quality of the products.  
The focus of this study was application of high-resolution ultrasonic spectroscopy 
(HR-US) for accurate non-destructive measurement of concentration of hydrogen 
peroxide in aqueous solutions. This included measurements of concentration 
dependence of ultrasonic characteristics of aqueous solutions of hydrogen peroxide in 
a broad range of concentrations (0 to 30% w/w) and temperatures (20℃ to 50℃), 
which provided the calibration parameters. These parameters were utilized in 
ultrasonic ‘off-line’ and real-time ‘on-line’ measurements of decomposition of 
hydrogen peroxide in aqueous solutions catalyzed by metal surfaces. The overall 
resolution of ultrasonic monitoring of concentration of hydrogen peroxide was found to 
be on the level of 0.001 w/w%. The results suggest that high-resolution ultrasonic 
techniques could be utilized for accurate real-time measurements of evolution of 
concentration of hydrogen peroxide in aqueous solutions. (max. 250 words) 

 
Keywords: Hydrogen Peroxide, High Resolution Ultrasonic Spectroscopy, Real-time 
Monitoring. 
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Oxygen super-saturated aqueous solutions are utilized in agriculture, semiconductor, 
healthcare and some other industries. Applications of these solutions require 
analytical techniques for non-destructive measurements of the concentration of 
oxygen, which is a challenging task for analytical techniques as the solutions are 
extremely unstable.    
This paper discusses application of high resolution ultrasonic spectroscopy for 
real-time non-destructive measurement of oxygen level in aqueous super-saturated 
solutions. This included: (1) Calibration of ultrasonic technique (ultrasonic velocity and 
attenuation vs. concentration of dissolved oxygen) in oxygen super-saturated 
solutions ranging from 0 to 120 (mg/L) and temperatures ranging from 10oC to 30oC 
using combined ultrasonic and oxygen electrode measurements; (2) Real-time 
monitoring of the decay of concentration of oxygen level in aqueous solutions with 
time; (3) Investigation of effects temperature on kinetics of oxygen release from 
supersaturated solutions. In addition, apparent adiabatic compressibility of oxygen 
dissolved in water at temperatures was obtained, which allowed the discussion of the 
state of oxygen in super-saturated aqueous solutions (hydrated molecules vs. 
nano-size bubbles).  
 
 
 
 
Keywords: Hydrogen Peroxide, High Resolution Ultrasonic Spectroscopy, Real-time 
Monitoring. 
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Cavity-enhanced Raman spectroscopy (CERS) is presented for the analysis of 
biogenic gas fluxes. We exploit innovative optical cavities in order to enhance the 
interaction of light and the gas molecules to get an enhancement of the typically low 
Raman signals of several orders of magnitude.[1] 
Biogenic gases like O2, CO2, CH4 and N2 are produced and consumed by reactions of 
microorganisms in soils. Gas fluxes between the soil and the atmosphere can be 
mostly explained by a few factors, including soil material, climate, vegetation, and 
topography.[2] Changes in environmental conditions (natural or anthropogenic) may 
influence the microorganisms and thus the gas composition in soils. Consequently, the 
gas composition in soil-layers can be used as an accessible tracer to estimate 
environmental relevant gas budgets and therefore to characterize complex 
ecosystems, like the critical zone in the Hainich National Park (Thuringia, Germany). 
CERS offers the possibility to analyze environmental gas compounds non-invasively, 
fast, continuously and on-site without cross sensitivity.[3] A big advantage of the gas 
monitoring using CERS is to perform measurements in the saturated as well as in the 
unsaturated zone. With the depth distribution of the investigated gases up to seven 
different levels in the subsurface, we want to receive information about the diverse 
microbial activities in the critical zone at the Hainich observation transect. 
 
References: 
[1] R. Keiner, et al., Anal Chem 2013, 85, 8708-8714. 
[2] R. Conrad, Microbiol Rev 1996, 60, 609-640. 
[3] T. Jochum, et al., Analyst 2015, DOI: 10.1039/c5an00091b. 
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Sulfur gases and their reaction are involved in acid precipitation, atmospheric visibility, 

and the radiation balance of the earth. The most common sulfur species in the air is 

sulfur dioxide. This work describes the development of a sensitive, selective, and 

inexpensive method for the determination of SO2 in gaseous samples. The air sample 

were collected at impiger containing 10,0 ml of hydrogen peroxide in water. Sulfur 

dioxide oxidized to sulfate reacts with  barium chloranilate buffer. The solution has an 

absorbance at λ 540 nm. An aliquot of 200 µL placed in a well of a 96-well acrylic 

microplate and a digital image was acquired of the dye formed. Signals of color 

descriptors (as a: red, green, blue, saturation and etc) were used to evaluate the 

information from the images. Quantitative models were developed by using partial 

least squares regression (PLSR) algorithm and principal component regression (PCR). 

The next step was to evaluate if the images obtained by mathematical treatments, can 

be assigned to different concentrations of SO2. For the generation of gas phase SO2 

standards was used an SO2 permeation tube. Calibrations using standard 

atmospheres showed that it was possible to measure SO2 in a concentration range 

from 60 to 500 ppm by using partial least squares regression (PLSR) algorithm. The 

model showed low standard error of prediction (SEP) <8.0%. The proposed method  

offers a promising alternative to SO2 air determinationin the ambient air of regions 

affected by anthropogenic activity. 
 
Keywords: Sulphur dioxide, Scanner, Digital Image, Multivariate Analysis 
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INVESTIGATION OF VOLATILE ORGANIC COMPOUNDS (VOCS) RELEASED 
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Vegetable spoilage renders a product undesirable due to changes in sensory 
characteristics. The aim of this study was to investigate the change in the fingerprint 
of VOC composition that occur as a result of spoilage in broccoli, carrots, onions and 
potatoes. SPME and GC-MS techniques were used to identify and determine the 
relative abundance of VOC associated with both fresh and spoilt vegetables. 
Although a number of similar compounds were detected in varying quantities in the 
headspace of fresh and spoilt samples, certain compounds which were detected in 
the headspace of spoilt vegetables were however absent in fresh samples. Analysis 
of the headspace of fresh vegetables indicated the presence of a variety of alkanes, 
alkenes and terpenes. Among VOCs identified in the spoilt samples were dimethyl 
disulphide and dimethyl sulphide in broccoli; Ethyl propanoate and Butyl acetate in 
carrots; 1-Propanethioland 2-Hexyl-5-methyl-3(2H)-furanone in onions; and 2, 3-
Butanediol in potatoes. The overall results of this study indicate the presence of 
VOCs that can serve as potential biomarkers for early detection of quality 
deterioration and in turn enhance operational and quality control decisions in the 
vegetable industry.  

Keywords: SPME, GC-MS, Volatile Organic Compounds (VOCs), quality deterioration 
biomarkers. 
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Introduction: tert-Butyl ethyl ether (ETBE) is colorless flammable liquid with 
characteristic strong gasoline like odor. It is used in petrochemical industry as a 
gasoline additive for enhance the octane number and is thought to improve 
combustion efficiency. Main route of exposure to ETBE is an inhalation route. There 
is a limited data on adverse effect of ETBE in humans. ACGIH classified ETBE to 
group of compounds not classifiable as human carcinogens (Group A4).  
Aim of the study: The aim of this study was to develop and validate a sensitive 
method for the determination of ETBE concentrations in workplace air, and 
determination in real samples. 
Methods: The method is based on the adsorption of ETBE on charcoal, desorption 
with  dichloromethane and gas chromatographic-mass detection (GC/MS) analysis of 
the resulting solution. 
Results The developed analytical method enables selective determination of ETBE 
in presence of dichloromethane, and other coexisting compounds. By changing the 
way of chromatographic data acquisition to SIM mode (selective ion monitoring) limit 
of quantification increases almost 100 times with no loss of precision and accuracy. 
The concentrations of ETBE detected in the test samples ranged within the range 
0,5÷55,1 µg/ml. 
Conclusions: Using the proposed equipment, and the way of registration data, it is 
possible to determine ETBE in presence of tert-buthyl methyl ether, other oxygenates 
and components of catalytic reforming. The method is characterized by good 
precision to be able to be used for the monitoring of exposure in open environment 
conditions such as fuel distribution stations and petrochemical installations. 

 
Keywords: tert-butyl ethyl ether, determination method, gas chromatography, workplace air 
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Refinery industry produces large quantities of highly toxic wastewater, which contains 
high concentrations of volatile organic compounds (VOCs). Among the wide range of 
VOCs, particular impact on environmental pollution have the oxygenated volatile 
organic compounds (O-VOCs) and volatile sulphur compounds (VSCs). Because of 
their negative impact on health and the environment, it is necessary to identify 
individual compounds and monitoring changes in concentrations of them in the 
wastewater. 
The paper present new analytical methods used for determination of 76 volatile 
organic compounds in samples of refinery wastewater, using dispersive liquid - liquid 
microextraction and gas chromatography, coupled with mass spectrometer 
(DLLME-GC-MS) and flame photometric detector (DLLME-GC-FPD). The studies 
proved suitability of the method for the determination of analytes in a wide range of 
concentrations. The developed method has low values of the limit of detection, good 
repeatability and recoveries. 
The studies revealed that raw wastewater samples contain 24 O-VOCs compounds 
from the identification database mainly phenols, ketones, alcohols and aldehydes as 
well as 6 compounds from the group of VSCs, mainly large quantities of disulfides.  

 
Keywords: volatile organic compounds, dispersive liquid - liquid microextraction, gas 
chromatography, refinery effluents 
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As a result of industrial processes, i.e. the paper industry, textile, brewing, food processing, 
refining and tanning industry, an effluents are formed containing large amounts of volatile 
organic compounds (VOCs). Depending on the type of feedstock processed the industrial 
wastewater may contain different groups of volatile organic compounds, including oxygenated 
volatile organic compounds (O-VOCs), volatile nitrogen-containing compounds (VNCs) and 
volatile sulphur-containing compounds (VSCs). The occurrence of such groups of compounds 
even at low concentrations results in a significant odor nuisance and may negatively affect the 
health of the people living around industrial plants. 
There are a variety of analytical methods, which differ in terms of metrology and utility, which 
allows to monitor the content of VOCs in industrial wastewater. Currently, the most popular 
technique for the determination of all groups of VOCs is gas chromatography with universal 
detectors, i.e. mass spectrometry (MS) and flame ionization detector (FID). Selective 
detectors, ensuring low detection thresholds for the VSCs are flame photometric detector 
(FPD), pulsed flame photometric detector (PFPD), and sulfur chemiluminescence detector 
(SCD). Volatile nitrogen-containing are detected by means of nitrogen-phosphorus detector 
(NPD), surface ionization detector (SID), nitrogen chemiluminescence detector (NCD) and for 
O-VOCs a so-called oxygen selective FID (O-FID) detector is used. In order to ensure the 
usefulness of these methods and the fulfillment of requirements for environmental protection 
for the determination of VOCs at very low concentration levels, it is necessary to use 
appropriate sample preparation techniques involving the isolation and / or enrichment of 
analytes as well as derivatization. 
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Formaldehyde and acetaldehyde are important indicators of indoor atmospheric 
pollution. This work describes the development of a new active sampler device for low 
weight aldehydes in indoor air. The sampler device consists of a Teflon tube 
connected inside of plastic tee and arranged inside a snap cap polyurethane. The air 
sample is collected in a micro vial (from CE sample injection vial) adapted as micro 
impinger containing 1.0 mL of solution of hydrazine sulfonic acid (HBSA) as absorbent. 
An air pump used in aquarium was adapted to draw air samples. The air sample was 
collected using a sampling flow rate of 100 mL min-1 and a collection time of 120 min. . 
For the generation of gas phase aldehydes standards were used permeation tubes. 
The absorption collect efficiency was evaluated by using standard gases of 
formaldehyde and acetaldehyde. The collection efficiencies ranging from 90.6 to 
91.2 %. The collector device has been used successfully in the determination of 
formaldehyde and acetaldehyde in indoor environments by capillary electrophoresis 
with UV-Vis detection after derivatization with HBSA. The new method developed is 
simple and uses widely available materials. The need for only small sample reduces 
the generation of waste and enables the determination of formaldehyde and 
acetaldehyde at concentrations typically found in indoor polluted atmospheres. 
 
 
 
 
Keywords: low molecular weigh aldehydes, capillary electrophoresis, hydrazine 
benzenesulfonic acid and pre-concentration. 
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EVALUATION OF THE VOLATILE PROFILE OF VACCINIUM PADIFOLIUM AT 
DIFFERENT RIPENING STAGES USING HS-SPME COUPLED WITH GAS 
CHROMATOGRAPHY-QUADRUPOLE MASS SPECTROMETRY DETECTION 
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Vaccinium padifolium, known as uva-da-serra, is an endemic specie of the Laurisilva 
forest, a UNESCO World Heritage Centre located in Madeira archipelago. This plant 
belongs to Vaccininum genus, whose berries are rich in bioactive compounds, 
particularly vitamin C, E, carotenoids and a high content of anthocyanins and phenolic 
compounds. Vaccinium padifolium berries are widely used in Madeira Island for 
liqueurs, jams and food derivatives. In traditional and local ethnopharmacology this 
fruit is frequently used against bronchitis, cough, dysentery and others, being also 
exported for commercial production of ophthalmic specialities.  Among the many 
attractive and desirable attributes that create demand for fruits, their characteristic 
flavor is the most noticeable to consumers.  In this study the characterization of the 
volatile profile of fruits from Vaccinium padifolium in three different maturation stage 
(green, break and ripe) were investigated by head space solid-phase microextraction 
(HS-SPME) followed by a GC–qMS and multivariate analysis (MVA). HS-SPME was 
optimized in terms of fiber coating, extraction time, ionic strength and sample weight, 
in order to achieve the best extraction efficiency. Following this optimization, all the 
samples were analyzed and more than 30 volatile organic metabolites (VOMs) 
belonging to different chemical groups, namely terpenes, alcohols, carbonyl 
compounds and others. Additionally, so far we know, this is the first time the profile of 
VOMs are reported for berries of V. padifolium. The corresponding data matrices were 
submitted to principal component analysis (PCA) and the VOM profiles obtained were 
able to differentiate the maturation stage in V. padifolium berries analyzed. 

 
Keywords: Volatile metabolites, V. padifolium, SPME/GC-qMS, PCA  
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A novel GC-GC-GC preparative system described elsewhere1 was coupled with an 
on-line normal phase LC pre-separation step for the collection of pure sesquiterpene 
alcohols from Sandalwood oil. The four-dimensional system (LC-GC-GC-GC-prep) 
was capable of collecting high sample amounts (mg), in few runs, while maintaining a 
high purity level. The LC system was used to reduce the sample “matrix” effect (the 
matrix was replaced with organic pure solvent), furthermore it allow to inject higher 
sample volumes with respect to a conventional GC system, thus speeding up the 
collection of lower concentrated compounds in few analyses. Furthermore, the system 
versatility allowed to operate both in the on-line mode (LC-GC-GC-prep) for the 
collection of the low concentrated components as well as in the MDGC-prep mode for 
the collection of the highly concentrated ones. 
In this research, the system was used to collect seven of the most high value and 
important components of the sandalwood oil namely: (Z)-α-santalol, (Z)-β-santalol, 
(Z)-α-trans bergamotol, epi-(Z)-β-santalol, epi-β-bisabolol, (E,E)-farnesol, (Z)-lanceol 
and (Z)-nuciferol. 

 
Keywords: Preparative Gas Chromatography, LC-GC, Sandalwood, Ionic liquids 
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Several different analytical methods based on GC-MS are used for the determination 
of fragrance allergens in raw materials and cosmetic products in accordance with EU 
Directive 2003/15/EC. Rather recently, a new opinion from Scientific Committee on 
Consumer Safety (SCCS) proposed a new list, increasing the number of suspected 
allergic substances. 
From an analytical point of view, two-dimensional GC is preferred for complex 
perfume samples, in which possible co-elution of target allergens with other 
compounds can occur. 
In this contribution, a comprehensive capillary GC method coupled to quadrupoleMS 
is presented for the analysis of the new suspected allergens proposed by the SCCS 
(opinion SCCS/1459/11). 
The method was applied to perfume samples containing several regulated allergens. 
The multidimensional system employed a flow modulator operating at low flows, 
directing all the D2 effluent to the MS.  

 
Keywords: Allergens, comprehensive two-dimensional gas chromatography, quadrupole 
mass spectrometry. 
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Gaseous elemental mercury, Hg0(g), released from contaminated soils was measured 
by a portable single-purpose mercury analyser Lumex RA-915+ (Lumex Ltd., St. 
Petersburg, Russia) at 253.7 nm. The analyser is based on Zeeman atomic 
absorption spectrometry with high-frequency modulation of light polarization. The 
detection limit is 2 ng/m3.  
Two contaminated sites were investigated: a former phenyl-Hg chloride-based 
fungicide production plant near Příbram (stopped in 1980´s), and abandoned Hg (HgS) 
mining area named Jedová hora (stopped in 1857). The maximum value Hg0(g) found 
in Příbram was 78 ng/m3 and in Jedová hora 54 ng/m3. Air Hg0(g) concentrations may 
be helpful to reveal mercury levels in contaminated soils and mercury transfer to the 
atmosphere.  
Total vapour phase mercury, Hgt, represents sum of elemental and oxidized Hg forms 
in soil air. Sorbent carbon FSTM 2-section traps (Frontier GeoSciences, USA) 6x105 
mm was applied to capture mercury species (Hgp, Hg2+, Hg0(g)) in both sites. Air was 
sampled with APEX pump (Casella, GB) for 2 h. at flow rate of 1L/min. Optimal 
conditions were investigated for the sorbent analysis utilizing RNAA method. The 
sorption effect was studied by passing air saturated with Hg vapours through sorbent 
tubes at the flow rate of 0.1L/min for 0.5 - 4 h. The leaching process was also studied 
and the recovery of 87±5% was achieved. Verification of the procedure at higher Hgt 
levels was possible by INAA method. 
Contaminated soil samples of 10 g were collected and results for total T-Hg and 
elemental Hg(0) are presented as well. 
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Monitoring of methane and Non-Methane Total Hydrocarbons (NMTHC) is an 
important tool for process monitoring. In the microelectronics industry, the silicon 
substrates (wafers) are stored in containers, named FOUP (Front Opening Unified 
Pod) made in polymers (PC, PEEK, COP, PEI). Such materials are able to adsorb the 
Volatile Molecular Contaminants (VMC) and subsequently outgas these ones in 
presence of wafers, leading then to defective wafers. Depending on the process, the 
composition of the gas in the FOUP can be very different. The amount of VMC can 
vary from ppb to tens of ppm while the matrix gas can be air, N2 or Argon. Most of the 
instruments which measure NMTHC are very sensitive to the matrix composition. 
Therefore, there is a need for an instrument which can measure methane and 
NMTHC without matrix effects. Ideally, the cycle time of the instrument should be less 
than 3 minutes and sensitive at ppb level. For this study, a Gas Chromatograph (GC) 
with two analytical columns and a Flame Ionization Detector (FID) is used to achieve 
the absolute separation of methane, NMTHC and matrix gases. The low detection 
limit, linearity and stability of the system are evaluated from ppb to ppm using different 
types of VOC and matrix gases. The results show that the special configuration of the 
analytical system allows the complete separation of the matrix gases from methane 
and NMTHC. Therefore the instrument does not need specific calibrations for different 
matrix. The instrument is very linear and sensitive from low ppb up to 20 ppm with the 
same amplification.  

 
Keywords: Gas Chromatography, Non-Methane Total Hydrocarbons, Volatile Organic 
Compounds, On-line Monitoring 
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Ambient air is polluted by many VOCs coming from Petrochemical Industry. PAMS, 
Oxygenated or Halogenated VOCs can be found in many ranges of concentration 
between background and site fence line. These compounds are precursors of ozone 
and Industrial bodies need to identify them to be in compliance with the authorized 
limits and to improve their process. Chromatotec is developing a system capable of 
measuring on line and in field conditions a large number of VOCs from ppt to ppm. 
The device is reqired to identify automatically potential coeluted compounds by MS 
technology adapted to industrial context. The coupling of two different FID GCs to a 
Quadripole MS allowed by an elaborated multiplexer system is the originality of the 
project: one TDGC for light compounds and one TDGC for heavy compounds with 
specific trapping conditions and variable sampling volumes. A measurement 
campaign in petrochemical new site shows the concentration of about 100 
compounds at different steps of the commissioning. Variations during specific hours 
are detected. Potential coeluted compounds like terpenes or organochlorinated are 
identified and monitored at ppt level. 
The ability of coupling in continuous two different GCs to a unique MS and the 
automatic identification is a new advance in the technology of industrial GC-MS. The 
big advantage is the possibility to play with two different trapping and 
thermodesorption techniques linked to one MS. This fully automatic system allows 
non-specialist operators to access to expertise level results. 

 
Keywords: Gas Chromatography, Mass spectroscopy, Volatile Organic Compounds, On-line 
Monitoring 
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The aromas found in young red wines from the Bordeaux region suggest a complex mixture of odors of 
fresh red fruits such as blackberry, strawberry and plum. The aromas of these wines are intimately 
related to the maturity of the grapes. Thanks to hot and dry summers, the berries ripening phenomena 
lead to the development of specific dried fruits nuances like fig and prune found in both musts and 
young red wines, and usually in those made from Merlot grapes. 
A comprehensive GCxGC method coupled with olfactometry and a time of flight mass spectrometer 
(TOFMS) technique was optimized for analysis of grapes volatile compounds using a combination of a 
non polar (DB1, 15m, 0.25 mm, 1 µm) and a polar capillary column (BPX50, 1.3m, 0.1 mm, 0.1 µm) 
connected in series to two stage cooled loop modulator (ZOEX). Thorough optimization was 
accomplished for the oven temperature programming, ion source temperature and GC×GC parameters 
like modulation period, duration of hot pulses, to achieve best possible separation of the compounds.  

The approach was applied to the identification of molecular markers for dried fruits flavors in musts and 
wines. We also analyzed extracts (liquid-liquid and SPME) from grapes harvested at different stages of 
maturation (optimal maturation to over-ripening) and wines from their vinification. First results show that 
the chromatographic profiles of musts obtained by GCxGC-TOFMS are specific to each stage of 
maturation, envisioning in the future to "map" the stage of grapes maturation according to the 
distribution of volatile compounds. 
 
Keywords: GCxGC-O-TOFMS, Aromas, Maturation, Wine 
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Using fermentative activators or oenological products is necessary when grape must 
composition present disturbances in composition. Diverse reasons could be 
responsible these problems (ripening problems in the plant, use of 
pesticides/fungicides, several weather conditions) causing difficulties to start 
fermentation and even reaching stops. Grape must with a high fermentables sugars 
content are susceptibles to suffer these difficulties. Differents physicochemical and 
sensory disorders could be generated by absense of some nutrients affecting yeasts 
metabolism during alcoholic fermentation step. 

Commercial activators currently on the industry are mostly ammonium phosphate, 
unsaturated fatty acids and vitamins (thiamine) mixtures. Because of the nature of its 
composition (carbohydrates (35%), protein (25%), lipids (6%), minerals and vitamins 
(3%), essential amino acids, fatty acids, sterols, phospholipids and carotenoids), bee 
pollen is presented as an alternative to these commercial activators. 

This research work presents Yeast Assimilable Nitrogen (YAN) monitoring during 
alcoholic fermentation using formol index method (Aerny, 1998). Microvinifications 
(3-4L) control and using bee pollen (10 and 20 g/L) were carried out with two white 
varieties (Palomino fino and Muscat of Alexandria) using comercial yeasts 
Saccharomyces cerevisiae (10 g/hL). Both cases, potential alcoholic grade was 
increased by adding sucrose outstripping 14%. Wines obtained were performed a 
physical-chemical analysis and sensory by a tasting panel. 

Comparing with control, bee pollen wines produced showed: YAN consumption more 
marked mid-fermentation demanded by cell growth with decerasing tendency. A 
slight increase in the total content of polyphenols (PTI) and the color intensity (CI). 
However, sensory analysis results showed heightened notes of pollen and honey in 
Palomino fino while Muscat held fruity notes. 

 
Keywords: Bee pollen, winemaking activator, yeast assimilable nitrogen, white wine 
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Biogenic amines are nitrogenous compounds present in several kinds of foods and 
beverages and its presence is commonly related with microbial spoilage and 
toxicological risk. In beers as in other beverages biogenic amines are determined in 
the final product without identifying the main sources or stages responsible of BA 
contribution/formation during productive process. The objective of this work was to 
optimize and validate a chromatographic method to determine the dynamic of 
biogenic amines content during the entire brewing process. With this highly selective 
method it was possible to evaluate the presence of histamine, tyramine, cadaverine, 
putrescine, phenylethylamine, spermidine and spermine in raw materials (barley, hops, 
yeast), intermediate products (sweet wort, hopped wort, green and matured beer) and 
beers. Dansylated amines were separated on an Agilent Zorbax-XDB C18 (150 mm x 
4.6 mm, 5.0 µm) column set at 40°C using a binary mobile phase composed of 
acetonitrile and water at flow rate of 1.2 mL min-1. Detection was performed by UV at 
254 nm and by fluorescence at λex 330 nm and λem 520 nm. Validation was performed 
following the International Conference on Harmonization (ICH) recommendations, 
calibration data fitted a linear regression model with R2 >0.99. Repeatability (n=6) and 
intermediate precision (n=3) in matrix showed RSD values lower than 7.62% and 
8.51%, respectively. Recoveries at three different concentrations ranged from 73.97 to 
114.94%. The proposed method was applied to determine the dynamic of biogenic 
amines content during brewing process of two microbreweries, detecting the principal 
sources or stages of BA contribution/formation. 

 
Keywords: dynamic of biogenic amines, brewery, beer, and chromatography. 
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The present work describes an analytical method to evaluate the dynamic of biogenic 
amines content during Cabernet Sauvignon vinification process. Biogenic amines 
(histamine, tyramine, spermine, spermidine, putrescine, cadaverine, 
phenylethylamine, phenylalanine) and their amino acid precursors (ornithine, lysine, 
histidine, tyrosine) were separated and quantified using a liquid chromatographic 
method with fluorescence and mass spectrometry detection. Dansylated samples 
(grapes, alcoholic and malolactic fermentations, and wines) were separated on C18 
Purospher Hibar column, set at 45°C, using a gradient mobile phase composed of 
acetonitrile and 10 mM ammonium formate (pH 7). Method validation was performed 
following ICH guidelines. A linear analytical response was observed (R2 > 0.99) in the 
range from 1 to 20 mg mL-1. Repeatability (n=6) and intermediate precision (n=3) in 
matrix showed % RSD <3.07% and <5.04%, respectively. Method was applied to 
evaluate the dynamic of biogenic amines and their amino acid precursors during 
Cabernet Sauvignon vinification process of five Chilean wineries. No clear trend was 
observed between wineries, two showed the typical behavior with biogenic amines 
formation during alcoholic fermentation increasing its level during malolactic 
fermentation and decreased/maintained its levels in wine, but the three others showed 
different biogenic amines dynamic. Even when no clear trend was observed, the 
information obtained with the proposed method is useful in terms of food safety and 
wine quality because could help to winemakers/enologists to define the principal 
sources or stages of biogenic amines formation during vinification, being possible to 
apply corrective actions to reduce the presence of biogenic amines in wines. 

 
Keywords: Biogenic amines, wine, vinification, chromatography. 
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Stilbenoids (stilbene-related compounds), are phenols that have aroused increasing 
attention due to their antifungal properties as phytoalexins and because of many 
health-promoting properties. Vitis vinifera genus is a major dietary source, being 
present mainly in wine and grapes, but also in other plant material such us grape 
stems or canes. On the other hand, aroma related compound in grapes are 
responsible for varietal wine aroma. They are located on the whole fruit (skins and 
pulp). Conventional techniques employed on both, stilbenoids and aroma related 
compounds analysis, often involve long extraction times and several extraction steps. 
Extraction using microwaves can result in a yield increase in shorter time, at the 
same or even higher temperature, using less solvent. 
In this work new methods for fast determination of stilbenoids from byproducts, and 
aroma-related compounds from whole grapes, were developed. Microwave-assisted 
extraction (MAE) was applied as a prior stage to the chromatographic determination 
of stilbenoids and aroma compounds. The stability of both target compounds under 
extraction conditions was analysed prior to methods development. Experimental 
design was developed to analyse the influence on the extraction process of different 
extraction variables and the final conditions were optimized. With these new 
methods, main stilbenoids found in different byproducts, and several aroma 
compounds in whole grapes can be fast extracted. Validation of the extraction 
methods were based on method accuracy, precision and recovery.  
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Prunus cerasifera is a species of plum known by the common names cherry plum and 
myrobalan plum. It is native to Europe and AsiaThe fruit is a drupe, 2-3 cm in diameter, 
and red in colour. It is edible, and reaches maturity from early July to mid-September. 
Black cherry plums are a source of anthocyanins, the flavonoids responsible for the 
dark colour of the fruit. These pigments possess potent antioxidant and 
anti-inflammatory compounds, with antimutagenic and chemopreventive activities. In 
recent years a large number of foods made from cherry plums, such as jams, juices 
concentrates, extracts, etc., are being commercialized so it is necessary to develop 
extraction techniques and analysis of these compounds. Pressurized Liquid 
Extraction has been used to extract both anthocyanins and total phenolic compounds. 
The optimization of the extraction variables (% methanol, pH, temperature, pressure, 
wash and purge) was performed using the Box-Behnken methodology considering the 
total amount of anthocyanins on the one hand and total phenolic compounds on the 
other hand. Four anthocyanins were identified (cyanidin-3-O-galactoside, 
cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside and cyaniding (acetyl)-3-O-glucoside) 
using UHPLC-Q-ToF-MS. Anthocyanins were analyzed by UHPLC-UV-Vis and total 
phenolics by the Folin-Ciocalteu spectrophotometric method. The percentage of 
methanol is the most critical variables in extracting anthocyanins and the temperature 
is the most critical variable for total phenolics. The methods developed have a good 
repeatability and reproducibility (RSD < 5%). The two methods developed have been 
used for the analysis of anthocyanins and total phenolics in foods made with black 
plums.  

 
Keywords: black cherry plum, anthocyanins, phenolic compounds, pressurized liquid 
extraction 
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The mulberry fruit is a multiple fruit, 2–3 cm (0.79–1.18 in) long. Immature fruits are 
white, green, or pale yellow. In most species, the fruits turn pink and then red while 
ripening, then dark purple or black (Morus nigra L.), and have a sweet flavor when 
fully ripe. Mulberries are a source of anthocyanins, the flavonoids responsible for the 
dark colour of the fruit. These pigments possess potent antioxidant and 
anti-inflammatory compounds, with antimutagenic and chemopreventive activities. In 
recent years a large number of foods made from mulberries, such as jams, juices 
concentrates, extracts, liquors, etc., are being commercialized so it is necessary to 
develop extraction techniques and analysis of these compounds. Ultrasound Assisted 
Extraction has been used to extract both anthocyanins and total phenolic compounds. 
The optimization of the extraction variables (% methanol, pH, temperature, amplitude, 
cycle and ratio mass/solvent) was performed using the Box-Behnken methodology 
considering the total amount of anthocyanins on the one hand and total phenolic 
compounds on the other hand. Two anthocyanins were identified 
(cyanidin-3-O-glucoside, and cyanidin-3-O-rutinoside) using UHPLC-Q-ToF-MS. 
Anthocyanins were analyzed by UHPLC-UV-Vis and total phenolics by the 
Folin-Ciocalteu spectrophotometric method. The percentage of methanol and the 
temperature of extraction are the most critical variables in extracting both 
anthocyanins and total phenolics. The methods developed have a good repeatability 
and reproducibility (RSD < 5%). The two methods developed have been used for the 
analysis of anthocyanins and total phenolics in foods made with mulberries.  

 
Keywords: mulberry, anthocyanins, phenolic compounds, ultrasound assisted extraction 
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Brazilian and European laws establishes maximum levels for specific migration 
of some inorganic elements for finished plastic packaging intended for direct 
contact with foods. The elements migration is usually determined in food 
simulants, but some studies indicate that the migration behavior from plastics 
material for simulants can be different on a real food application. This study 
aimed to develop and validate a method for the determination of As, B, Ba, Cd, 
Co, Cu, Cr, Fe, Li, Mn, Se, Sb, Sn, Pb and Zn in a soft drink. For the method 
development 0.5% v v-1 HNO3 and Lemon Zero soft drink diluted with 2% v v-1 
HNO3 to 1:10 and 1:25 were used, together with standard addition for the 
recovery analytes evaluation. In the migration tests 7 PEAD and 7 PP samples, 
spiked with the analytes, after previous contact with Lemon Zero soft drink (at 
40ºC and 60ºC for 10 days) were evaluated. The analysis were carried out 
using an Agilent 7700x ICP-MS with collision gas (He) in the reaction/collision 
cell, different isotopes and different internal standards. Matrix effect was not 
observed by the profile of the three analytical curves evaluated. The soft drink 
diluted to 1:10 with 2% v v-1 HNO3 showed the best performance for migration 
tests when 0.5% v v-1 HNO3 was used as analytical curve (R2 > 0.999; LOQ < ½ 
Maximum Values Allowed; recovery values between 80-116%). All samples 
evaluated showed migration below the maximum values established by the 
laws. 

 
Keywords: polymers, inorganic contaminants, migration, ICP-MS 
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Carbedazin (CBZ) is a fungicide used in agriculture to control a wide range of fungi in 
fruits, such as citric fruits. The ingestion of CBZ in a dose higher than the threshold 
limit value provokes infertility, testicular problems, toxicity to organisms present in soil, 
among other consequences. The standard method to determine CBZ use a 
complexation reaction followed by a liquid-liquid extraction being the absorbance of 
final extract measured at 478 nm. The disadvantage of this method is the number of 
steps, the use of reagents and solvents and the chemical waste generation. The aim 
of this work was to develop an alternative methodology for quantify CBZ in orange 
juice. To this, standard concentration of CBZ were spiked to the orange juice and an 
UV-Vis spectra was obtained after each addition where the chemometric method of 
multivariate curve resolution (MCR-ALS) was performed. The CBZ spectra profile 
recovered by MCR-ALS was identically to the CBZ spectra profile shown in literature. 
The concentration profile related to CBZ was used for building a pseudo-univariate 
calibration curve. The results obtained through the proposed methodology were 
compared to the obtained by the standard method. The standard method presented 
higher errors than UV-Vis coupled with MCR-ALS. Thus, the methodology developed 
is fast, not expensive and can be used in routine labs for quality control in orange juice 
industries. Beyond this, the new method is in accordance with the green chemistry 
mainly in minimizing the use of chemical reagents, solvents and lowering the chemical 
waste generation. (max. 250 words) 
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In was studied a chemiluminescence method based on Co(II)EDTA/luminol/H2O2 
system, in two versions, flow injection and conventional,for the determination of 
antioxidant capacity. The method uses oxidation and chemiluminescence of luminol 
under the influence of reactive oxygen species produced in a Fenton type reaction of 
hydrogen peroxide with Co(II). The antioxidants from a sample react with the reactive 
oxygen species and decrease the chemiluminescence signal.The following 
experimental variables of the flow injection method were studied and optimized: the 
flow rates of the reagents, the ratio of Co(II)/EDTA in the reagents, the injected sample 
volume, the concentrations of ethanol, methanol and acetone in the analyzed samples 
and the concentration of ethanol in the carrier. A calibration graph in different 
experimental conditions was traced by using caffeic acid as a standard. The linear 
range was from 2.5 to 75 μmol/L. The optimized method was applied for total 
antioxidant capacity determination of several ethanolic extracts from nine Lamiaceae 
species. In the case of “batch” analytical method it was drawn a calibration graph by 
plotting the ratio of chemiluminescence intensities in the absence and in the presence 
of a standard antioxidant (gallic acid). The calibration graph is linear in the domain 
10-6 – 10-4 M galic acid. The method was applied for the analysis o three types of fruit 
juices. The acuracy of the method was verified by using standard addition method. A 
comparison of the two studied methods, flow injection and conventional was done. 

 
Keywords: flow injection, antioxidants analysis, chemiluminescence, plant extracts, luminol 
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Many methods have been developed so far for the total antioxidant capacity, based on 
various mechanims and radical species. In the case of wine, the correlations between 
the phenolic composition and total antioxidant capacity determined by some of these 
methods are still unexplored. Our study focusses on the relationship between 
phenolic composition, chromatic characteristics and the total antioxidant capacity 
determined by three methods. These methods were: a spectrophotometric method 
based on 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical cation 
(ABTS•+), an electrochemical method based on 2,2-diphenyl-1-picrylhydrazyl radical 
(DPPH•) and a chemiluminescence method based on superoxide O2•- and hydroxyl 
HO• radicals formed in a Fenton-like reaction, using the system luminol-H2O2-Co(II)- 
EDTA.  Twelve wines, including white, rose and red from Valea Calugareasca in 
southern Romania were analysed with respect to their chromatic characteristics, total 
antioxidant capacity and phenolic composition by groups of phenolic compounds. The 
content in phenolic compounds of tested wines, expressed as gallic acid equivalent 
was between 0.2 and 2.9 g/L. The total antioxidant capacity determined by ABTS 
ranged between 2.2 and 18.6 mM Trolox equivalent. Good correlations were observed 
between all three methods for total antioxidant capacity and between each of them, 
the total phenolic compounds by Folin-Ciocalteu and the colour intensity of wines. For 
ABTS and DPPH-based methods, the total antioxidant capacity correlated with 
phenolic composition in the order tannins>tartaric esters> catechins>anthocyanins. 
For the chemiluminescence method, the best correlation with a group of phenolic 
compounds was that with catechins determined by vanillin assay (R2=0.942). 

 
Keywords: total antioxidant capacity, wine, antioxidant capacity and phenolic composition  
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SPECTROMETRY) 
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Light stable isotope (H, O) and selected non-traditional isotope approaches (Sr, Pb) 
are already used to determine authenticity of food products. Strontium isotope ratio 
directly reflects the soil and is widely applied to trace geographic origin, while lead 
isotopes are extensively used to “fingerprint” important anthropogenic sources. The 
benefits of combining information from two isotopic systems to drastically improve the 
geographic origin and the authenticity of the samples analyzed are presented here. 
The determination of strontium and lead isotope abundance ratios by ICP/MC/MS 
has been applied to 36 samples of Bordeaux wines and 16 samples of Chinese 
wines. The Sr isotope ratios combined with elemental analysis data for Bordeaux 
wine samples have demonstrated a clear distinction even between local producers in 
region of Bordeaux. Lead isotope ratios trend was similar for all French wines and it 
was significantly different from the group of Chinese wines. Combining two isotopic 
systems (Sr & Pb) tremendously increases the discrimination possibilities compared 
to a single isotopic system. This analytical strategy was successfully applied to the 
task of finding counterfeits in testing group of Bordeaux Grand Cru wines.  
This study demonstrate the new potential of a model based on high-precision 
determinations using combined non-traditional stable isotopes of Sr and Pb with 
ICP/MC/MS. Its application can be applied for improved food origin, traceability and 
authenticity determination. Combining isotope ratios information with elemental 
analysis data gives a complete tool to detect food frauds, including adulteration of 
high value products with cheaper substitutes, forgery and falsification. 

 
Keywords: food authenticity, geographic origin, wine, tea, strontium isotopes, lead isotopes, 
multicollector ICP-MS. Combined isotopic signatures 
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Here a newly developed, fully automated system for comprehensive two-dimensional 
liquid chromatography (LC×LC) is described, in which on-line coupling of the two 
separation dimensions was achieved by means of two 6-port, two-position switching 
valves. A cyano and a partially porous octodecylsilica column were employed in the 
first and the second dimension, respectively, in combination with photodiode array 
and triple quadrupole mass spectrometry (LC×LC-PDA-MS/MS) detection. A cyano 
(250 mm ×1.0 mm, 5 m d.p.) was used for the first dimension separation, interfaced 
to a secondary C18 column (30 mm × 4.6 mm, 2.7 m d.p.) packed with fused-core 
particles. The performance of conventional, full-in-fraction and shifted secondary 
gradients was compared, aiming to tune the selectivity and increase the peak capacity 
of the RP-LC×RP-LC method. The separation capabilities of the developed 
approaches tested allowed the untargeted analysis of polyphenols in such a complex 
natural sample without any pre-treatment, by effectively reducing the interferences 
from the matrix. The selectivity and sensitivity attainable in the multiple reaction 
monitoring operation make target analyte quantification more robust, as demonstrated 
for the determination of a carbamate pesticide, at the ppb level. 

 
Keywords: Polyphenols, Pesticides, Comprehensive liquid chromatography, Triple 
quadrupole mass spectrometry, Multiple reaction monitoring, Shifted gradients. 
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Beer is an alcoholic beverage with antioxidant activity. According to several reports 
this activity is related to its polyphenols content. The study of this kind of molecules is 
important for two main reasons, first due to its essential role during brewing process 
delaying or preventing oxidation processes, and second because they are associated 
with several health benefits. The objective of this works was to optimize QuEChERs 
conditions to improve polyphenols extraction from beers. A D-optimal design was 
applied to study the influence of seven factors: extraction time, sample acidity, 
acetonitrile volume and quantities of MgSO4, NaCl, PSA and C18. The responses 
evaluated were the peak areas of nine analytes, i.e. gallic acid, p-hydroxybenzoic acid, 
catechin, vanillic acid, caffeic acid, epicatechin, p-coumaric acid, trans-ferulic acid and 
trans-resveratrol. Four PLS-component were used to correlate factors and responses. 
The predictive model was redefined eliminating the irrelevant responses, resulting in a 
new model with four factors and eight responses. The responses were simultaneously 
modeled (PLS) showing a R2=0.777 (p ≤ 0.05), being sample acidity and acetonitrile 
volume the most important factors. A significant interaction between sample acidity 
and PSA amount was found (p ≤ 0.05). The model was finally evaluated through the 
interpretation of score and loading plots, coefficient plots, and variance importance 
plots, obtaining the following QuEChERs conditions to extract polyphenol from beers: 
acidity sample 1.25%, 2.5 mL acetonitrile, 4.0 g MgSO4, 2.0 g NaCl and 2 min. for 
extraction and dispersive steps; for cleanup 25 mg PSA and 200 mg C18 were 
defined. 

 
Keywords: Polyphenol, beer, screening, D-optimal design. 
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The analysis of bioactive compounds (phenols and polyphenols) is of great interest for 
its antioxidant, anti-carcinogenic and anti-arteriosclerosis properties. Some of these 
are present in several beverages and foods, which have been object of a several 
studies in the last few years. 
The spectrophotometric method using the Folin–Ciocalteau reagent is the more used. 
This standardized method presents low selectivity; aspect that cannot be so much 
important considering that the aim is to obtain a total index of polyphenols in the 
sample in order to estimate the “antioxidant capacity”. 
Likewise, the application of electroanalytical techniques has been also explored in this 
field. So, the electroanalytical evaluation of the “total polyphenolic” content in different 
kind of samples has been performed using different electrodes: carbon-based, bare or 
modified glassy carbon, biosensors, etc. Recently, the use of screen printed 
electrodes without or with modification is offering also new interesting possibilities for 
the analysis of polyphenols because of their suitable reproducibility, versatility and the 
improvement of the kinetic of the electrode process.  
Specifically for beer samples, characteristics peaks from the adsorption processes on 
the electrodes have been observed at oxidation potentials close to the gallic and 
ellagic acids, analytes that we are exploring in different samples before. So, an 
electrochemical methodology based on flow injection analysis using commercial SPEs 
modified with graphene has been developed. All the instrumental and chemical 
variables are optimized, and the figures of merits are stablished. The method has been 
applied to the determination of total phenolic compound in beers. 

 
Keywords: phenols, screen printed electrode, beers, FIA, gallic acid, 
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In the production of white and red wines charge and metal composition is influenced 
by endogenous and exogenous factors (i.e. soil composition, fertilization, stabilizers 
and winemaking, etc). With the main approach considering endogenous factors, 
natural red and white wines from different grape varieties were collected. The wines 
are in the valley of Itata, valley of Maule, valley of Rapel and valley of Curicó located 
between Central Valley and southern Chile. Samples were collected at random 
sampling in areas before the final manufacturing process (e.g., with bentonite, etc). 
Fe, Mn, Mg, Ca and Zn were determined by atomic absorption spectrometry 
(AAnalyst300). Rb, Li and Sr by atomic emission spectrometry (AAnalyst300) by 
direct reading of samples and As, Tl, Pb and U by mass spectrometry with triple 
quadrupole inductively coupled plasma (ICP-MS, Varian 820MS) with prior dilution 
1:10 v / v and 0.14 mol L-1 HNO3 (v / v). According to results achieved, the major 
differentiators in function to F-test, principal compounds analysis PCA, soft 
independent modeling of class analogy SIMCA and discriminant lineal analysis LDA, 
between valleys and elements are Zn, Ca, Li and Mg showed difference between all 
valleys. The percentage of correctly predicting was 71% and 73.68% for SIMCA and 
LDA respectively. The chemometric analysis indicated that the concentrations of the 
analytes provide models discriminants for natural wines of these important regions. 

 
Keywords: Chilean Wines, elemental composition, geographic differentiation, Chemometrics, 
PCA, SIMCA, LDA.  
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The aromas found in young red wines from the Bordeaux region suggest a complex mixture of odors of 
fresh red fruits such as blackberry, strawberry and plum. The aromas of these wines are intimately 
related to the maturity of the grapes. Thanks to hot and dry summers, the berries ripening phenomena 
lead to the development of specific dried fruits nuances like fig and prune found in both musts and 
young red wines, and usually in those made from Merlot grapes. 
A comprehensive GCxGC method coupled with olfactometry and a time of flight mass spectrometer 
(TOFMS) technique was optimized for analysis of grapes volatile compounds using a combination of a 
non polar (DB1, 15m, 0.25 mm, 1 µm) and a polar capillary column (BPX50, 1.3m, 0.1 mm, 0.1 µm) 
connected in series to two stage cooled loop modulator (ZOEX). Thorough optimization was 
accomplished for the oven temperature programming, ion source temperature and GC×GC parameters 
like modulation period, duration of hot pulses, to achieve best possible separation of the compounds.  

The approach was applied to the identification of molecular markers for dried fruits flavors in musts and 
wines. We also analyzed extracts (liquid-liquid and SPME) from grapes harvested at different stages of 
maturation (optimal maturation to over-ripening) and wines from their vinification. First results show that 
the chromatographic profiles of musts obtained by GCxGC-TOFMS are specific to each stage of 
maturation, envisioning in the future to "map" the stage of grapes maturation according to the 
distribution of volatile compounds. 
 
Keywords: GCxGC-O-TOFMS, Aromas, Maturation, Wine 
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Taste balances of great wines are based on perceptions which are subtle but crucial 
for the sensory quality. Also, the research of key-compounds involved in wine tastes 
constitutes a major field of investigation in enology. Their elucidation requires powerful 
analytical techniques and innovative methodologies. In a recent work, two novel sweet 
compounds called quercotriterpenosides (QTT) were identified in oak wood used for 
wine-ageing. The present study deals with the development of an analytical approach 
as an alternative to chemical synthesis in order to discover structural analogues of 
such natural sweeteners. Fourier Transform Mass Spectrometry (FTMS) proved to be 
a crucial technique both to demonstrate the presence of QTT analogues in oak wood 
by targeted screening and to guide the purification pathway of these molecules using 
complementary chromatographic tools. Four compounds were isolated and identified 
for the first time: two isomers, one glucosyl derivative and one galloyl derivative of QTT. 
Their sensory evaluation showed that only the two new isomers were sweet, thus 
demonstrating both the pertinence of the strategy and the influence of functional 
groups on gustatory properties. Moreover, solid structural information on the nature, 
the sequence and the position of these groups can be obtained prior to any purification 
of compounds by performing multistage Fourier Transform Mass Spectrometry. Such 
analytical developments could be particularly useful for research on taste-active or bio-
active products. 
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A 2D imaging system for visualizing the concentration and distribution of ethanol 
vapor emitting from wine in a wine glass has been developed in order to analyze a 
wine aroma behavior and the glass effect. The system provides image information of 
ethanol vapor using chemiluminescence (CL) from an enzyme-immobilized mesh. 
The system measures ethanol vapor concentration as CL intensities from luminol 
reactions induced by alcohol oxidase (AOD) and horseradish peroxidase (HRP). 
Conversion of ethanol distribution and concentration to 2D CL was conducted using 
an enzyme-mesh containing AOD, HRP, and luminol. The temporal change in CL was 
monitored using an electron multiplier (EM)-CCD camera. We selected three types of 
glass—wine glass, cocktail glass, and straight glass—to determine differences in 
ethanol emission caused by the shape effects of the glass. The emission 
measurements of ethanol vapor from wine in each glass were successfully imaged. A 
unique ring shape attributed to high alcohol concentration appeared near the rim of 
the wine glass at 13°C. Thus, the alcohol concentration in the center of the wine glass 
was comparatively lower. The ring phenomena allow us to smell the wine aroma 
(inside the glass) at lower alcohol concentrations in the glass center when we drink at 
a proper temperature. The findings confirm that the shape of wine glasses has a very 
sophisticated and functional design for tasting and enjoying the aroma of wine. The 
sniff-cam would be useful for aroma analysis from food & beverage, and for unveiling 
of tableware secrets. 

 
Keywords: sniff-camera, ethanol vapor, wine aroma, biochemical imaging 
 
 
 

P556

738 sur 745



Méthode de fractionnement et de détermination de la masse réelle des 
proanthocyanidols du raisin et du vin.  Validation de proanthocyanidols standards 

utilisés pour la calibration des colonnes d’exclusion stérique 

 
Marie-Françoise Nonier1, Nathalie Vivas de Gaulejac1, Nicolas Vivas1, Isabelle Pianet2, Christelle 
Absalon2 

 
1 Tonnellerie DEMPTOS – CESAMO – ISM –  Université Bordeaux 1, 351 Cours de la Libération, 33405  
Talence  - E-mail : n.vivas@ism.u-bordeaux1.fr 
2 CESAMO – ISM – Université Bordeaux 1, 351 Cours de la Libération, 33405  Talence 

 
Les composés phénoliques sont représentés dans le raisin et le vin par les tanins 

condensés (PA) et les anthocyanes monoglucosides. Leur importance est capitale en 
raison de leur rôle sur la coloration des baies et de leurs propriétés gustatives qui 
donnent au vin ses caractéristiques spécifiques.  

Nos travaux se proposent de mettre au point d’une méthodologie fiable de 
distribution en masse des formes polymérisées des tanins, qui nous permettra d’établir 
une carte proanthocyanidolique.  

Son application directe sur le vin permettra de déterminer d’une manière simple 
et robuste la masse moléculaire moyenne des tanins. L’impact de diverses technologies 
et traitement sur la masse des tanins est également envisageable. 

L’obtention d’informations sur la distribution en masse et le calcul de masses 
moyennes est réalisée par des analyses de Chromatographie d’Exclusion Stérique en 
phase organique. Actuellement, il n’existe pas d’étalons commerciaux de PA. Le but de 
l’étude est d’établir une nouvelle courbe d’étalonnage en SEC proches de la réalité des 
structures chimiques étudiées et d’en valider les standards retenus.  
 

Nous avons réalisé un fractionnement de pépins de raisin par extractions 
sélectives, 3 fractions sont ainsi obtenues. La fraction oligomérique est affinée par 
fractionnement sur colonne semi-préparative basse pression. 

L’indice de polydispersité de ces fractions est suffisamment faible pour que des 
masses moyennes soient calculées à partir des spectres MALDI, et  pour toutes les 
fractions, le degré de polymérisation moyen est obtenu par RMN. 

 
La courbe étalon ainsi obtenue en SEC nous permet d’avoir une image réelle des 

PA ; ces résultats pourront être appliqués dans diverses expérimentations. 

 
Keywords : Protanthocyanidols, vin, tanins, SEC, RMN,  
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Investigation of the Volatile Indicators Characterizing the Various Whiskies 

 
Chang-Hwan Oh 
 
Department of Oriental Medical Food and Nutrition, Semyung University, 65, Semyung-ro, Jecheon, 
Chungbuk 390-711, South Korea 

 
Volatile compounds are unique characteristics to define the organoleptic quality of the 
distilled liquors such as whisky. They are from the various sources such as the cereal 
and other supplemental materials, the way of fermentation and the maturation. For 
example, the maturation process is responsible for flavor development by converting 
the pungent character of new-make malt and grain spirits to the softer and complex 
characters of mature Scotch whiskies (Aylott etc, 2010). Traditional gas 
chromatographic analysis must be the most common method to define the volatile 
profile of the distilled liquors. In this study, the most efficient pre-treatment method 
was optimized to determine the volatile profiles of the various whiskies such as Scotch 
whisky etc. SPME and simple liquid-liquid extraction methods are compared and 
selected as a standard method. The well-known volatile indicators such as the fusel 
alcohols and other volatile compounds are determined. The chromatographic results 
like GC-FID (and/or GC-MS) retention index and peak area are processed by the 
multivariate analysis such as principle component analysis (PCA) to figure out the 
common and different characters of each whisky and the group of whiskies. The result 
will be utilized to figure out the authenticity of the whiskies imported to South Korea in 
the near future. 

 
Keywords: Volatile compounds, GC, Retention Index, Authenticity 
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BIENZYMATIC BIOSENSOR FOR BIOGENIC AMINES DETERMINATION IN 
CHILEAN BEERS AND WINES. 

 
Carlos Pena-Farfal, Cesar Pino, Rodolfo Mundaca, Mario Aranda and Rosario Castillo 

 
LABEL – Lab. of Biosensors & Electroanalysis, Faculty of Pharmacy, University of Concepcion, 4070043 – 
Concepcion, CHILE 

 
Biogenic amines (BAs) are natural contaminants, synthesized and degraded during 
normal metabolism of animals, plants and microorganisms. The BAs can be found in 
trace concentration as a normal compound that play important physiological functions 
in human cells. These BAs normally are neutralized by the action of specific enzymes 
in the intestine, such as monoamine oxidase (MAO) and diamine oxidase (DAO). 
However, excessive consumption of BAs can cause physiological changes such as 
skin rash, tachycardia and hypertension, among others. Furthermore, these 
chemicals are used as markers to determine the breakdown of certain foods, 
particularly fermented foods as wines or cheeses, since an increase in concentration 
of BAs shows bacterial contamination. 
 
In this work seeks an amperometric bienzymatic biosensor was designed, able to 
detect and quantify biogenic amines present in beers and wines and determine if the 
concentration are in the acceptable ranges. The enzymes used were monoamine 
oxidase (MAO) and horseradish peroxidase (HRP), which were immobilized on the 
surface of a glassy carbon electrode modified with carbon nanotubes, being coated by 
a layer of Nafion. The determination was performed at a potential of –300 mV vs. 
Ag/AgCl, using pyrocatechol as electrochemical mediator. The biosensor scheme is 
that: 

 
The biosensor was applied in the determination of Bas in beers and wines showing 
good correlated results with reference methodology (HPLC-Fluorescence). LOD = 
3.4μM and LOQ = 10μM. Linear range = LOD –5 mM, r2= 0,9989. Analytical sensitivity 
= –2,77x10-4 nA·M. 
 
Keywords: Biogenic amines, electrochemical biosensor, monoaminoxidase, HRP.  
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DETERMINATION OF LEAD AND CADMIUM IN WINE SAMPLES BY MEANS OF 

DISPERSIVE MICROEXTRACTION AND GRAPHITE FURNACE ATOMIC 
ABSORPTION SPECTROMETRY 

 
Emma Pérez, David Martínez, Guillermo Grindlay, Luis Gras and Juan Mora 
 
Department of Analytical Chemistry, Nutrition and Food Sciences, Analytical Atomic Spectrometry Group, 
University of Alicante, P.O. Box, 99, 03080 Alicante, Spain 

 
Lead and cadmium levels in wines are regulated due to their negative impact on 
human health. The analysis of these elements is usually performed by means of 
spectroscopic techniques such as Graphite Atomic Absorption Spectrometry (GFAAS) 
and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) due to its lower limits 
of detection. However, results are strongly affected by the occurrence of both spectral 
and non-spectral interferences. To mitigate wine matrix effects, several sample 
pre-treatment strategies such as dilution or acid digestion has been usually employed. 
Alternatively, liquid-liquid extraction and solid phase extraction has also been 
recommended to separate the analyte from the matrix and to improve the analytical 
reponse. Nonetheless, these methodologies suffers from several shortcomings: (i) 
use of toxic solvents; (ii) high solvent consumption and residue generation; (iii) labour 
intensive; (iv) volume changes (i.e. swelling or shrinking) on the sorbent material; and, 
(v) deactivation of the surface and/or loss of functional groups. To mitigate these 
problems and to make the extraction/preconcentration step greener, miniaturized 
extraction techniques (e.g. dispersive liquid-liquid microextraction, DLLME) and the 
use of ionic liquids has been recommended. However, the use of these 
methodologies for trace and ultra-trace analysis in food and beverages has been 
traditionally limited due to matrix complexity. 
The goal of this work is to develop a new methodology for Pb and Cd determination in 
wine by means GFAAS after an extraction/preconcentration procedure based on the 
simultaneous use of DLLME and ionic liquids (1-butyl-3-methylimidazolium 
hexafluorophosphate). 

 
Keywords: matrix effects, atomic emission spectrometry, microwave plasmas, inductively 
coupled plasma 
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FLUORESCENT CARBON NANODOTS FOR SENSITIVE AND 
SELECTIVE DETECTION OF TANNIC ACID IN WINES 

 

 
Badía Laíño, Rosana 1, Gaber Ahmed, Gaber Hasem2., García Calzón, Josefa1 and 
Díaz-García, Marta Elena1 
 
1 Department of Physical and Analytical Chemistry, University of Oviedo, 33006-Oviedo, Spain 
2 Chemistry Department, Damanhur University, Damanhur, Egypt 

 
Herein we describe an easy one step synthesis of carbon nanodots (C-dots)  by 
thermal carbonization of 6-bromohexylboronic acid using two different amine 
compounds,   polyethyleneglycol bis(3-aminopropyl (PEGA)  and 
1,2-aminopropane (DPA),   at 180oC in atmospheric oxygen.  The as-synthesized 
C-dots were characterized by FTIR, HRTEM, NMR and fluorescence. The C-dots 
prepared using PEGA showed a strong emission at 440 nm with excitation at 362 nm. 
These C-dots exhibited analytical potential as sensing probes for tannic acid (TA) 
determination. pH effect, interferences, and analytical performance of the method 
were investigated. The method was found effective in the linear concentration range 
from 0.1 to 10 mg L-1 TA achieving a limit of detection equal 0.018 mg L-1 TA. The 
applicability of the method was demonstrated by direct measurements of TA in red 
and white wine samples. Validation of the method was achieved by spiking the wine 
samples with different standard TA concentrations obtaining recoveries in the range 
(90 %-112.5 %). A probable mechanism by which TA quenched the C-dots 
fluorescence was proposed [1]. 

 
Keywords: carbon nanodots, tannic acid, wines 
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1 QOPNA and Chemistry Department, University of Aveiro, Aveiro 3810-193, Portugal 
2 Chemistry Department, University of Aveiro, Aveiro 3810-193, Portugal 
3 Viticulture Commission of the Green Wine Region (CVRVV), 4050-501 Porto, Portugal 
4 CESAM and Chemistry Department, University of Aveiro, Aveiro 3810-193, Portugal 

 
Astringency, one of the essential characteristics of red wine, which is also present in 
some white wines, is commonly assessed by sensory panels. As any analysis 
involving sensory panels, it has drawbacks of being time-consuming and expensive. 
Besides, astringency perception is subjective resulting in high standard deviation even 
for the trained panels. Proposed instrumental alternatives to the sensory assessment 
of astringency are based on the precipitation of wine polyphenols with proteins such 
as gelatin or ovalbumin. Despite reasonable correlation with the sensorial astringency, 
both methods are cumbersome and lengthy.  
The present study reports on the application of two rapid and inexpensive techniques, 
potentiometric electronic tongue and Fourier Transform Mid-Infrared spectroscopy 
(FT-MIR), to the prediction of the gelatin index of red, white and rose wines from the 
North of Portugal. Gelatin index was measured using modified procedure, which was 
applicable not only to red but also to white and rose wines. Relationship between 
gelatin index and a set of chemical parameters, electronic tongue and FT-MIR data 
have been investigated using multi-block analysis method common component and 
specific weight analysis (CCSWA). Calibration models for gelatin index prediction 
were calculated using partial least square (PLS) regression. Variable selection for the 
PLS models was done using Variable Importance in Prediction criterion. Quantification 
of gelatin index in red and rose wines was possible using both electronic tongue and 
FT-MIR data with adjusted R2 in prediction of 0.75 and 0.89 for rose and 0.83 and 0.87 
for red wine, respectively. 

 
Keywords: gelatin index, electronic tongue, potentiometric sensors, Fourier Transform 
Mid-Infrared spectroscopy, wine astringency 
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DETERMINATION OF VITAMIN C AND TOTAL ACIDITY IN FRUIT JUICES BY UV 

SPECTROSCOPY AND MULTIPRODUCT CALIBRATION 

 
Patrícia Valderrama1, Dayane Aparecida dos Santos1, Karen Priscila de Lima1 and Paulo 
Henrique Março1 
 
1 Technological Federal University of Paraná, Campo Mourão, 87301-899, Brazil 

 
Vitamin C and total acidity were determined in industrialized soy based fruit juices by 
using ultraviolet (UV) spectroscopy and multiproduct multivariate calibration using the 
regression method of Partial Least Squares (PLS). Due to the heterogeneity of the 
samples, it was necessary to optimize the calibration and validation sets through 
outliers elimination. To this task, the ASTM E1655-05 normative was followed. The 
figures of merit such as accuracy, sensitivity, analytical sensitivity, adjust, linearity, 
relative prediction deviation, limits of detection and quantification were determined. 
The results suggests that the multiproduct model developed from UV spectroscopy 
can be used in the industrial routine analysis as an alternative to decrease titration 
usage, or even other methods, speeding up the quality control steps without loss of 
credibility. The UV-PLS multiproduct model present the advantage of no sample 
preparation, residue free, updated possibilities for another parameters besides 
presenting possibilities to off-line, at-line, on-line and in-line monitoring. 

 
Keywords: vitamin C, total acidity, juice, PLS 
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