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AACD 2016 is Coming Home 

 

Dear AACD Attendees,  

 

Welcome to Çanakkale and to the 10th Aegean Analytical Chemistry Days (AACD 2016). It 

was a pleasure to invite you to the “AACD 2016”. In 1998 Professor Gürel Nişli initiated the 

first AACD conference in Izmir. Sixteen years later, passing a series of nine exciting AACD 

conferences held at wonderful destinations in Turkey and Greece, it has been an honor for us 

to continue this long tradition and to organize the AACD 2016 in Çanakkale. The conference 

will provide a forum among Analytical Chemistry researchers from many different countries. 

 

AACD 2016 will be a three and half day event combining invited lectures, parallel oral sessions 

and poster presentations. In this edition, there will be 14 invited lectures, 45 contributed oral 

presentations and 331 poster presentations, making a total of 390 presentations. 

 

We would like to express our gratitude to all the people who contributed to the AACD 2016 

conference. 

 

We are particularly thankful to the members of the continuation committee for the continuity 

of the AACD and scientific committee for reviewing numerous abstracts and of course to the 

invited speakers - outstanding scientists who are willing to share their expertise with us. Also, 

as you can see from our webpage, a severe number of sponsors and exhibitors are here to 

support this event. We express our great gratitude to all of them.  

 

Last but not least, we would like to thank many enthusiastic students and members of the 

organizing committee who supported us in the organization of this event and did an outstanding 

job throughout last year. 

 

We are sure you will have a productive and enjoyable stay in Çanakkale and wish you all the 

best for your time at 10th Aegean Analytical Chemistry Days. 

 

 

Yusuf Dilgin and Ayşem Arda 

                               Chairpersons of the “10th Aegean Analytical Chemistry Days Conference” 
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IL-01 

Analytical Chemistry at the Service of Food Quality 

 

Antony C. Calokerinos 

National and Kapodistrian University of Athens 

School of Sciences, Department of Chemistry 

Laboratory of Analytical Chemistry, Panepistimiopolis, 15771 Athens, Greece 

*E-mail: calokerinos@chem.uoa.gr 

 

 A few decades ago, most of the research in Analytical Chemistry was focused on the 

discovery and development of new techniques which could provide sensitive and hopefully 

selective results. Typical examples are new detectors and columns for HPLC and GC, flow 

injection analysis, ICP, atomic fluorescence, atom traps for atomic spectroscopy, molecular 

emission cavity analysis and many others. Some of these techniques were successful and were 

further developed by Analytical Instruments Companies. 

 During the last decade, analytical research is focused to the development of methods 

for sample preparation, preconcentration of analyte and sensitive and selective measurement. 

Method validation is now part of our everyday life and results should be presented for limit of 

detection, limit of quantitation, ruggedness, within day and between day repeatability, etc. 

 Food is a typical sample where Analytical Chemistry can be applied. Consumers should 

be very careful for the quality of food and this is an area of application where Analytical 

Chemistry can make miracles! A typical example is the 2008 Chinese Milk Scandal where 

melamine was added to milk for babies in order to increase the nitrogen content. Another 

example is the detection and measurement of dichlorobenzene in honey. 

  Nowadays Analytical Methods are used extensively for the estimation of food quality. 

Typical examples which will be presented and discussed are the effect of thermal treatment on 

quality parameters of honey, antioxidant activity of pomegranate juice and measurement of 

antioxidant activity of edible oils by the CUPRAC method. 
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IL-02 

Nanomaterials for Elemental Speciation 

 
Irina Karadjova, Ivanka Dakova, Tanya Yordanova, Penka Vassileva 

 

Faculty of chemistry and pharmacy, University of Sofia, bul. J. Bourchier 1, 1164 Sofia, Bulgaria  

 

*E-mail: Karadjova@chem.uni-sofia.bg 

 

 

Trace element determination in various types of samples (industrial, environmental, 

pharmaceutical, biological, food, beverages) is an important field of application of modern 

analytical methods. Nowadays, it is widely recognized that a large number of elements can 

naturally exist under various forms with considerably different behavior and properties. Due to 

the significant distinctions in toxicity, mobility and bioavailability of the particular chemical 

species, a determination of total element concentrations is generally not sufficient for 

comprehensive clinical and environmental considerations. Therefore, the speciation analysis 

has reasonably become an important topic of the present-day analytical research. Various types 

of nanomaterials such as magnetic nanoparticles, carbon nanostructures, metal oxides and noble 

metal nanoparticles, ion imprinted polymers have been incorporated in new innovative 

approaches for speciation analysis. Small size, high surface to volume ratio, high chemical 

reactivity are the properties which makes them ideal sorbents for selective separation of 

chemical species. Nanostructures based on different modification of the nanoparticles and 

combinations between them additionally increased the nanostrategies employed for on-line or 

off-line determination of particular chemical species of elements.The presented lecture is 

focused on the summary and good examples of the application of nanomaterials for speciation 

analysis, analytical procedures developed and their application for analysis of environmental, 

food and biological samples. Critical view point on the current limitations as well as the future 

perspective will be presented. 
 

Keywords: Nanomaterials, Speciation, Trace Elements 
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IL-03 

Recent Trends in High-Performance Liquid Chromatographic Separation 

of Enantiomers 

      Bezhan Chankvetadze 

  

Department of Physical and Analytical Chemistry, School of Exact and Natural Sciences, Tbilisi State 

University, Chavchavadze Ave 1, 0179 Tbilisi, Georgia 

*E-mail: jpba_bezhan@yahoo.com 

 

 

This presentation summarizes the recent trends in separation of enantiomers by high-

performance liquid chromatography (HPLC). Aspects such as new kinds of chiral selectors, 

carrier materials [1, 2], mobile phases, and mobile phase additives will be discussed. The 

effect of optimizing of these parameters on separation efficiency, selectivity and analysis time 

will be demonstrated. After overviewing the most promising recently introduced chiral 

selectors, polysaccharide-based chiral selectors will be discussed in more detail. In this part, 

our newest results on the adjustment of the enantiomer elution order based on the chemistry of 

the chiral selector, the nature of the mobile phase, mobile phase additives and the separation 

temperature will be reported [3]. Furthermore, some uncommon effects based on the content 

of water in aqueous-organic mobile phases on the separation of enantiomers of acidic and 

basic analytes will be shown. In addition, an unusual increase of the separation selectivity 

based on the optimization of the structures of the analytes and the chiral selectors will be 

presented as well as baseline enantioseparations within a few seconds by using common 

HPLC instrumentation. In the final part, examples of chip-based enantioseparations will be 

shown and the advantages and disadvantages of this separation mode will be discussed [4]. 

 
Keywords: Enantioseparations, Chiral Stationary Phases, High-Performance Liquid Chromatography. 
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IL-04 

 

Development of Bioanalytical Methods for Mass Spectrometry-Based 

Glycoproteomics and Glycomics  

 

Bekir Salih   

  

Hacettepe University, Department of Chemistry, 06800-Anakara/TURKEY 

*E-mail: bekir@hacettepe.edu.tr  

 

 

Mass spectrometry-based glycoprotemics and glycomics studies provide vital 

knowledge for in-depth characterization of glycosylation including site and protein 

identification, and glycan profiling at the level of glycopeptide and released glycans. 

Glycosylation studies led to discover novel biomarkers for most diseases and understand their 

progress in cellular systems. For the efficient analysis of glycoconjugates by mass spectrometry, 

enrichment and purification steps play a crucial role. Several enrichment techniques based on 

different interactions between glycoconjugates and solid supports have been developed for this 

purpose. In this communication, several bioanalytical methods consisting of fast, efficient and 

easy applications were developed, which based on different interactions such as hydrophilic and 

chelation. The glycopeptide profiles covering glycosylation site and glycan structure 

knowledge of standard glycoproteins were determined in mass spectrometric analysis using 

novel bioanalytical methods. Some glycoproteins were analyzed by MALDI-MS and ESI-MS 

to examine their glycosylation site and glycan profile using developed bioanalytical methods 

after the enrichment and the purification. Also, 2-AA labelled human plasma N-glycans were 

used to test purification performance of the methods at the glycan level. A workflow including 

a facile application for determining glycosylation sites and site heterogeneity in glycoproteins 

by mass spectrometry will be discussed in detail. 

Keywords: Glycoproteomics, Glycomics, Mass Spectrometry, Enrichment. 
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IL-05 

Target and Non-Target LC-HRMS Strategies for the Detection of 

Emerging Contaminants in the Aquatic Environment 
 

Nikolaos S. Thomaidis 

 
Laboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian University 

of Athens, Greece 

 
*E-mail: ntho@chem.uoa.gr 

 

The analysis of environmental samples by liquid chromatography - high resolution mass 

spectrometry (LC-HRMS) reveals a high number of peaks in the samples. Reversed phase liquid 

chromatography (RPLC) does not cover all the polarity range of micro-contaminants present in 

these samples. Hydrophilic interaction liquid chromatography (HILIC) is an important 

complementary technique for the identification and determination of polar compounds. Two 

wide-scope target screening methods, RPLC- and HILIC-QToFMS, were developed and 

applied in wastewater samples. The methods were validated with a novel approach involving 

advanced chemometrics. Through their application in real environmental samples, it was 

proved that additional compounds can be detected only under HILIC conditions and that the 

two chromatographic modes have complementary domains. Therefore, our next aim was to 

incorporate both techniques, along with additional analytical strategies, in suspect and non-

target HRMS screening of environmental samples with the ultimate aim to explore deeper their 

polar fraction. Towards this aim, we have developed an integrated workflow for the 

identification of suspect and unknown compounds, comprising mainly of the following steps: 

(1) analysis of the extracts by RPLC-QToFMS and HILIC-QToFMS in both electrospray 

ionization modes; (2) automated comparison of the peak lists and recording of the common and 

unique peaks in each chromatographic system; (3) prioritization of polar compounds, i.e. unique 

peaks in HILIC or with high retention time in HILIC; (4) interpretation of the MS/MS spectra 

in both ionization modes and study of the common fragmentation patterns of structurally related 

analogues; (5) application of quantitative structure-retention relationship (QSRR) models for 

the accurate prediction of retention time of tentatively identified compounds in both 

chromatographic systems, and development of a universal RT index system for RPLC mode; 

and (6) diurnal or weekly trend analysis or study of the time profile of the detected peaks in 

related experiments, using statistical platforms. This strategy was applied in several case 

studies, such as non-target screening of influents and effluents from the WWTP of Athens, or 

treatment experiments, such as the identification of transformation products from ozonation 

studies, or exposure of zebrafish to xenobiotics and study of the xenometabolome. The 

application of this integrated workflow supported the identification of new compounds in 

wastewater or it was able to separate and identify new transformation products of emerging 

contaminants, hidden from the RPLC-QToFMS analysis.   

 
Acknowledgements: My research team (http://trams.chem.uoa.gr), our Eawag collaborators (J. 

Hollender, E. Schymanski, K. Fenner, H. Singer) and Bruker (A. Drury, C. Baessmann) are gratefully 

acknowledged. This research has been co financed by the European Union and Greek national funds 

through the Operational Program “Education and Lifelong Learning” of the National Strategic 

Reference Framework (NSRF)-ARISTEIA 624 (TREMEPOL project; tremepol.chem.uoa.gr). 
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IL-06 

Bio(mimetic) Electrochemical Sensors: 

Present, Past and Future 

 

 
Frieder W. SchellerA, AysuYarmanB, Frank F. BierC 

 
AUniversity of Potsdam, Institute of Biochemistry and Biology, Karl-Liebknecht-Strasse 25-26, D-

14476 Potsdam, Germany 
BTurkish-German University, Faculty of Science, Molecular Biotechnology, Sahinkaya Cad. No.:86, 

34820 Beykoz, Istanbul, Turkey 
CFraunhofer Institute for Cell Therapy and Immunology, Branch Bioanalytics and Bioprocesses (IZI-

BB), Am Mühlenberg 13, D-14476 Potsdam, Germany 

 

 
 

Biosensors represent the technical counter part of sense organs by coupling enzymes, 

antibodies, nucleic acids, receptors, organelles, cells, and tissues with a chemical or physical 

sensor. 

Inaugurated by L.C. Clarck in the sixties the development of electrochemical biosensors 

mainly focused on glucose oxidase and (PQQ) glucose dehydrogenase for blood glucose 

measurement. Ten years later direct heterogeneous electron transfer has been achieved by us 

for cytochrome c, hemoglobin and different P450 enzymes. This approach has been extended 

to develop sensors for the reactive oxygen species (ROS) superoxide and peroxide or for 

different xenobiotics and drugs. At present, electrochemical glucose sensors cover almost 75 

percent of the17 billion US Dollars world marked of biosensors. On the other hand, 

electrochemical immunosensors or nucleic acid chips reached not a comparable acceptance and 

optical principles are considerably more applied in these fields. 

In order to mimic the active sites of antibodies or enzymes by synthetic mimics so-called 

„molecularly imprinted polymers”(MIPs) have been developed. Functional monomers are 

polymerised in the presence of the target analyte and after polymerisation the template 

molecules are removed, providing binding sites ideally complementary in size, shape and 

functionality to the template. So far the affinity and catalytic activity of MIPs have in general 

been lower than those of their biological counterparts. MIP–based electrochemical sensors have 

the potential to complement biosensor and biochips for the measurement of low molecular 

weight substances, proteins, viruses and living cells. 
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IL-07 

Enhancement of Catalytic Activity on Conducting Polymers or Carbon 

Based Electrodes via Metal Particles Modification for Electrochemical 

Applications 

 

Zekerya Dursun* 

 

 Ege University, Science Faculty, Department of Chemistry, Bornova, Izmir, 35100 TURKEY 

 
*E-mail: zekerya.dursun@ege.edu.tr 

Electrocatalysis is an important field in electrochemistry that has achieved a 

remarkable  progress in the three last decades due to application of new characterization 

techniques. The main part of electrocatalysis has been modified the electrode surface. In order 

to prepare ideal catalytic surface for electrochemical oxidation and reduction reactions, 

conductive polymers or carbon-based materials after modification with metal/bimetallic/metal 

oxide systems have been generally used.  The unique chemical and physical properties of 

metal/metal oxide particles make them extremely suitable for designing new and improved 

sensing devices, especially as in electrochemical systems like for electrocatalytic reactions and 

electroanalytical applications.  A well-dispersed Au, Ag, Pt mono metalic and  Au–Ag and Au-

Pt  bimentallic nanoparticles have been successfully synthesized on conductive polymers or 

carbon based electrodes via electrochemical reduction process. In the present study, the 

electrocatalytic activity of metal particles modification of conductive polymers and carbon 

based electrodes for boron compounds toward oxidation and oxygen reduction were evaluated 

in alkaline medium.  On the other hand, the metal nanoparticles modified electrodes were used 

for simultaneous determination of compounds which were pharmacologically and biologically 

important. The surface morphology and chemical composition of all electrodes were examined 

by scanning electron microscopy, transmission electron microscopy, electrochemical 

impedance spectroscopy, X-ray diffraction, and X-ray photoelectron spectroscopy.  
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IL-08 

Volatile Compound Generation Strategies in Analytical Chemistry 
 

Sezgin Bakırdere* 

Yıldız Technical University, Faculty of Art and Science, Chemistry Department, 34210, İstanbul, 

Turkey 

 

*E-mail: bsezgin@yildiz.edu.tr 

 

 

One of the main aspects for analytical chemists is to develop sensitive and accurate 

analytical methods for the determination of analytes without matrix interferences. In order to 

perform trace and ultratrace determination of elements, production of volatile analyte species 

has been commonly used in literature as one of the most powerful and widely employed method. 

There are some strategies in literature for the generation of volatile species. Chemical 

generation of volatile hydride species by derivatization with borane complexes has been applied 

not only for total element determination but also for speciation purposes for hydride forming 

elements such as Pb, Cd, Sb, Te, As, Se, Bi, Hg (1). Electrochemical hydride generation is 

another alternative to chemical hydride generation to obtain lower detection limits. Scientists 

have spent great efforts to create new vapor generation systems to replace or reduce the use of 

chemical reagents. UV vapor generation has been proved as a useful alternative to the 

commonly employed chemical and electrochemical hydride generation methods for the 

determination of hydride forming elements, transition metals (Ni, Co, Cu, Fe), noble metals 

(Ag, Au, Rh, Pd, Pt) and nonmetals (I, S). In UV-photochemical vapor generation system, 

production of volatile analyte species is achieved by UV-irradiation of aqueous analyte solution 

including low molecular weight carboxylic acids (formic, acetic, propionic) (2). In addition, 

different sorts of traps have been applied to volatile analyte species prior to atom cell in order 

to improve the sensitivity and reduce the interferences (3,4).  

 

Keywords: Volatile Compound Generation, Chemical Hydride Generation, Transition Element, 

Photochemical Vapor Generation 
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IL-09 

Electrochemistry – the Flexible Tool Box for the Construction of 

Hyphenated Instrumental Analytical Systems 

  
Frank-Michael Matysik 
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Chemo- and Biosensors, Universitätsstraße 31, 93053 Regensburg, Germany 

 

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

 

Instrumental analytical methods have experienced a rapid development during recent 

years. Miniaturization, the increasing impact of mass spectrometry and the implementation of 

hyphenated systems have become trend-setting routes towards enhanced performance 

characteristics. Concerning electrochemistry, the design of tailor-made electrochemical 

systems with a wide variety regarding size, geometry and materials is an essential strength that 

can be exploited for the construction of hyphenated analytical arrangements. The present 

contribution presents several examples that illustrate the possibilities of implementation of 

electrochemical components into more or less complex hyphenated systems. 

Electrochemical detection (ED) operated in the amperometric mode offers very low limits of 

detection even in miniaturized detector configurations. Such ED systems can be coupled with 

capillary-based separation techniques enabling studies of extremely small sample volumes 

down to the femtoliter range [1]. The combination of electrochemical techniques with mass 

spectrometry (MS) paves the way for new research directions in material and life sciences [2]. 

Another strength of electrochemical methods is the high spatial resolution that can be realized 

using scanning electrochemical microscopy for studies of single cells or nanostructured 

bioactive objects [3]. Finally it will be shown that electrochemical components can easily be 

integrated into very complex instrumental systems such as comprehensive two-dimensional 

separation techniques [4, 5]. In this way electrochemical devices are serving as tools for 

optimization and interpretation of analytical studies. 

 
Keywords: Hyphenated Techniques, Electrochemical Detection, Mass Spectrometry, Miniaturized 

Electrochemical Systems, Separation Methods 

 
References: 

1. J.J.P. Mark, R. Scholz, F.-M. Matysik, J. Chrom. A (2012) 1267 45. 

2. R. Scholz, P. Palatzky, F.-M. Matysik, Anal. Bioanal. Chem. (2014) 406 687. 

3. S. Bergner, P. Vatsyayan, F.-M. Matysik, Anal. Chim. Acta (2013) 775 1. 

4. A. Beutner, S. Kochmann, J.J.P. Mark, F.-M. Matysik, Anal. Chem. (2015) 87 3134. 

5 A. Beutner, R.R. Cunha, E.M. Richter, F.-M. Matysik, Electrophoresis (2016) 37 931. 

 

 

 

 

 

 

mailto:frank-michael.matysik@chemie.uni-r.de


10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

16 

 

IL-10 

Electrochemical Aptasensors 
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Aptamers are synthetic nucleic acid sequences that could selectively bind to their target 

molecules (e.g, proteins) similiar to antibodies (1,2). The synthesis and selection of aptamers 

are done by using SELEX (Systematic Evolution of Ligands by Exponential enrichment) 

method. The improved stability properties including resistant to denaturation and degradation, 

easy modification, target adaptability and easy-to-stock make them more advantageous 

comparison to antibodies and ideal candidates as protein recognition elements in a wide range 

of bioassays and for diagnostic applications (3-5).  

The development of advanced biosensor platforms could impact significantly the areas 

of genomics, proteomics, biomedical diagnostics and drug discovery (6-9). Electrochemical 

biosensors coupling the inherent specifity of biorecognition reactions with the high sensitivity 

of physical transducers, hold great promise for detection of sequence-specific nucleic acids, or 

proteins for clinical, environmental or forensic investigations (2-9).   
An overview to aptamer based biosensors (aptasensors) developed for electrochemical 

detection of aptamer-protein interactions has been presented herein with their advantages and 

further applications. 

Acknowledgements. A.E acknowledges the financial support from Turkish Scientific and 

Technological Council (TUBITAK) (Project no.111T073), and she also would like to express 

her gratitude to the Turkish Academy of Sciences (TUBA) as the Principal member for its 

partial support. 

  

Keywords: Aptasensors, Electrochemical Biosensors, Aptamer-Protein Interactions. 
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Microanalytical Systems for Personalized Medicine 
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The development of lab-on-chip systems will enhance the diagnostics in personalized 

medicine. After an introduction of personalized medicine a short overview of microbiosensors 

for monitoring metabolic parameters will be given and with a look on the history and 

commercialization of such devices. For future applications special microfluidic lab-on-chip 

chip based systems will be highlighted for RNA based pathogen detection using only 5µl 

analyte volumes. Enrichment, lysis, purification and isothermal amplification of RNA can be 

done using phaseguide structures for performing free flow electrophoresis, gel electrophoresis 

and electrothermal lysis on chip1. 

 

Fig.1: Point of Care biochip for RNA biomarker detection 

Keywords: Point Of Care Testing, Lab-On-Chip, Microbiosensors, Personalized Medicine, RNA 

Biomarker Detection 
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Direct Atomic Absorption Spectrometric determination of Se in Biological 

Fluids by Graphite Filter Furnace Atomizer with Graphite Thread 
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Electrothermal atomic absorption spectrometry (ET AAS) is one of the most effective 

methods (tool ) for the direct determination of Se in biological fluids (blood, urine, saliva and 

breast milk and other) that is important for studying of element effect on human body status as 

well as at diagnostic some of diseases. Although ET AAS method offers high sensitivity and 

require low volume of sample to be analyzed, however Se determination can cause significant 

difficulties from spectral and matrix interference effect as well as serious risk of it losses during 

the sample preparation stage. For solving these problems the “filter furnace atomizer” (FFA) 

with graphite thread (GT) and Pd-Mg chemical modifiers (CM) are appears as promising tools 

for the direct ET AAS analysis materials with a high content of organic matter [1-4]. 

Unfortunately, in analytical practice of clinical, toxicological and etc. laboratories it is not 

widely used. 

This paper are devoted to investigation of operation parameters of graphite furnace (with 

longitude heating) with FFA, graphite thread and Pd-Mg CM as well as established of 

corresponding analytical characteristics for direct ET AAS determination Se in blood, urine, 

saliva and breast milk samples. 

The interferences effect from mineral (chlorides, sulfates, phosphates of Na, K, Ca and 

Mg) and organic (protein, carbohydrates, animal fat, urea) macro-components on atomic 

absorption values and background signal of Se are established. Compared with technique of 

evaporation analyte from L’vov platform, the FFA with CM and Pd-Mg CM allows to 1,5-2 

times to increase the sensitivity of Se determination, to improve mineralization process by rising 

furnace temperature on the pyrolysis step of analyte up to 1100°C and at the same time to 

significantly reduce nonselective absorption of light.  

In the optimized conditions of FFA heating and taking into account dilution of biological 

fluids in 2-3 times (to reduce their viscosity) the limits of Se quantification (LOQ) - 2,5 μg·L-1 

Se. 

The proposed method was use in some of medical, clinical and toxicological laboratories 

activity. 

The accuracy of the results obtained checked in accordance with the basic rules of 

mathematical statistics. Time of Se determination in one of biological fluid sample does not 

exceed 10 minutes and value of the relative standard deviation (Sr) does not exceed 8%. 
Keywords: Selenium, Biological Fluids, Interferences, ET AAS, Filter Furnace Atomizer, Graphite 

Thread, Pd-Mg Chemical Modifier 

 

References: 

1. D. Katskov Spectrochim. Acta Part B. (2007) 62 897-917. 

2. C. Canário, P. Ngobeni J. Anal. At. Spectrom. (2004) 19 1468-1473. 

3. P. Ngobeni, C. Canário J. Anal. At. Spectrom. (2003) 18 762-768. 

4. A.Zhuravlev a, A.Zacharia, S.Gucer, A.Chebotarev, M.Arabadji, A.Dobrynin. Journal of Food 

Composition and Analysis 38 (2015) 62–68 

mailto:A191047@i.ua
http://org.i.ua/js/compose/?id=6427330


10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

19 

 

IL-13 

Superporous Cryogel/Conductive Composite Systems for Potential Sensor 

Applications 
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Cryogels that are prepared under cryogenic conditions as superporous hydrophilic 

polymer networks are used as template for in situ synthesis of conductive polymers such as 

poly(aniline) (p(An)), poly(pyrrole) (p(Py)), and poly(thiophene) (p(Th)) via oxidative 

polymerization technique to obtaine superporous cryogel/conductive polymer semi-

interpenetrating polymer networks (IPN). In addition to p(An), p(Py), p(Th) conductive 

polymers, other conductive moieties such as graphene oxide (GO), reduced-GO (r-GO), and a 

dye, methyl blue were embedded within the networks of neutral, anionic and cationic 

superporous cryogel networks to prepare different conductive composite systems. The potential 

sensor application of the prepared superporous cryogel/conductive composite were evaluated 

for different analytes such as HCl, NH3, various dyes, and some toxic organic contaminants.   

 

 

Keywords: Cryogel-Conductive Polymer Composite; GO-Cryogel Sensors; Gas/Liquid 

Sensors; Ionic/Electrical Conductivity. 
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IL-14 

R&D STUDIES IN TÜPRAŞ 

Ziya Köstereli* 

*Turkish Petroleum Refineries Corporation, R&D Department, Izmit 41780 Turkey 

 

Tüpraş is the largest industrial enterprise in Turkey operating 4 oil refineries with a 28.1 million tons 

annual crude oil processing capacity.  It is the only oil refining company in Turkey and refineries are 

located in Batman (1955), İzmit (1961), İzmir (1972) and Kırıkkale (1986). Kırıkkale and Batman 

Refineries have connection with Baku-Tiflis-Ceyhan pipeline across Azerbaijan, Georgia and Turkey. 

Tüpraş process crude oil from various regions. In 2015, Tüpraş purchased 21 different types of crudes 

from 11 countries. Regarding Tüpraş latest and biggest investment in its history, Tüpraş commissioned 

the Residuum Upgrading Facility (RUP) in 2015 with a total capital investment of US$ 3.1 billion.  

Tüpraş R&D Center was established in 2010 in order to reach global competitive power and success in 

interested areas. R&D Center is composed of three different buildings which are administrative and 

offices building, R&D laboratories and pilot plant building. In R&D there are six different research 

groups which are Process Development and Optimization, Modelling and Control, Product 

Development, Catalyst Management and Development, Materials Development and Reaction, 

Modelling and Characterization. 

Some of the projects being conducted in product development related groups are as follow. In one 

project, the physical properties of refinery distillates which are measured using different international 

and national standard procedures (ASTM, EN-ISO, IP) are tried to be estimated using chemometric 

model with the help of data obtained from faster instruments such as NIR, FT-IR and NMR. In other 

project, the refinery spent gas, H2S, is studied to be converted to elemental sulfur and H2 gas using photo, 

electrochemical and photo-electrochemical methods. Another ongoing project is synthesis of light and 

middle distillates by olefin oligomerization. 

In R&D center, other than synthesis and reaction projects, modelling and optimization studies are also 

carried out for the production processes to increase the process and energy efficiency. One of the projects 

made for that purpose is the Tüpraş Energy Network Tracking and Optimization System Project. 

Additional to these projects mentioned above, important and ongoing project about pilot plant facility 

is hydrocracker pilot plant system which is going to create a good place to study the catalyst performance 

and effect of different variables on the selected catalyst. 

Keywords: Tüpraş, Refining, Chemomerty, Oligomerization, Energy Optimization, Hydrocracker 
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Advanced Mass Spectrometry (MS) Technologies 

Murat Onul, Engin Bayram 

Ant Teknik Cihazlar Ltd., Istanbul 

 

LC/MS is becoming an increasingly indispensable tool in many application fields. It 

provides the solution to the high reliability, productivity and sensitivity demanded in the areas 

of pharmaceuticals, food science, chemicals, and environmental analysis. 

An MS detector has benefits like its high sensitivity, high detection selectivity, and 

high qualitative capability that bring improved productivity to HPLC analysis; high sensitivity 

measurements of compounds with almost no UV absorption like macrolide antibiotics, by 

utilizing selected ion monitoring (SIM) mode; and selective detection by component in a 

multi-component simultaneous analysis; using LC-MS, even multi-component simultaneous 

analysis can be performed without spending time and effort on investigating separation 

conditions. 

The aim of this study is to get a brief explanation that are summarized above, and 

support them with some real data.  
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Q-TOF: Need More Confirmation ? 

  
Ayhan ibrahim AYSAL 
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The use accurate mass measurements provides a better confidance in identification of 

unknowns and confirmation. Agilent has MS systems and solutions for regulations and beyond 

this. Analyses using MS systems (QQQ, TOF, or Q-TOF ) require some rules (depending on 

EC 2002/657 The performance of analytical methods and the interpretation of results, Or 

SANTE 11945/2015 for pesticides) for results positive for confirmation.  

Agilent 6500 Q-TOF series and 6400 series QQQ systems are used for more confidence 

in determination.  TMRM for QQQ systems and Library search and Molecular Structure 

Correlator (MSC) softwares allow us to be more confident about positive results. MSC uses 

accurate mass product ion data to predict structural pattern of the compound by using 

“Systematic Bond-Breaking” approach as described by Hill and Mortishire-Smith. 
 

Keywords: Q-TOF, MSC, Screening of Unknowns, Toxicology 
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Plan Your Lab-work with MethodsNow™: 

 a CAS Solution for Analytical Chemists 

  
Görkem Mergen, PhD A,B  

  
A TechKnowledge FZ LLC, Academic e-Resources Provider Company 

B Chemical Abstracts Service CAS 

*E-mail: gorkem@techknowledge.ae  

 

MethodsNow™ features step-by-step instructions for analytical and synthetic methods in areas 

like pharmacology, HPLC, food analysis, natural product isolation analysis and water analysis. 

MethodsNow (MN) saves time with easy access to method details from millions of disclosed 

procedures. It lets you quickly compare analytical methods side-by-side; displays experimental 

details in easy-to-read table format. MN includes materials, instrumentation, conditions and 

synthetic preparations from top journals and patents. MN covers more than 222 thousand 

analytical methods, more than 2.15 million synthetic methods featuring content curated by CAS 

scientists for superior discoverability and new CAS Method Number™ identifiers for quick 

reference 

To learn more about MethodsNow, visit www.cas.org/MethodsNow 
 

Keywords: Analytical Chemistry, Database, CAS, Chemical Abstracts, Analytical Methods 
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OP-01 

Plantago holosteum Scop. (Plantaginaceae) as a Candidate for Monitoring 

of Metal Pollution Around the Abandoned Tungsten Mine Work: A Case 

Study of Inductively Coupled Plasma Spectrometry Applications in 

Environmental Pollution 

  
Hülya Arslan A*, Ümran Seven Erdemir B, Gürcan Güleryüz A, Hawa Kiazolu A, Şeref Güçer B 

  
A Department of Biology, Faculty of Arts and Sciences, University of Uludağ, 16059, Bursa, Turkey 

B Department of Chemistry, Faculty of Arts and Sciences, University of Uludağ, 16059, Bursa, Turkey 

*E-mail: arslanh@uludag.edu.tr  

 

This study evaluates the influence of tungsten on uptake and translocation of essential 

elements (Cu, Fe, Mo, Mn and Zn) of P. holosteum around the abandoned tungsten mine work 

on Uludağ Mountain, Turkey. In earlier work, P. holosteum was evaluated for phytoremediation 

purposes over a wide range of elements1. ICP-MS was used to analyze different elements from 

different organs (roots, leaves and flowers) of plant and soil samples. Three sample sites were 

selected around the mine for soil and plant sampling. Two sites approximately 500 m from the 

mine work were assumed to be unpolluted sites whereas a polluted sample were selected  from 

a waste removal pool (WRP) from mine area. Open wet and Kjeldahl digestion procedures were 

applied to the samples. Accuracy was evaluated using at least two kind of standard reference 

materials. Interday and intraday precisions were determined over one week period during 

analysis. Possible matrix intereferences were screened by analyzing different isotopes of any 

elements.  Although the elemental levels of mentioned elements were increased in soil samples 

from the waste removal pools compared with the unpolluted sites; all elements except 

manganese were found to be increased in plant samples possibly due to mining activities. As a 

result, P. holosteum may be considered a bioaccumulator species for W, Mn, Cu, Cd, and Fe 

and can be used as biomonitoring purposes.  

 
Investigation area and sampling sites2 and Plantago holosteum Scop. (photo by G. Güleryüz) 

 
Acknowledgements: This work is supported by the Commission of Scientific Research Projects of 

Uludağ University [to H. Arslan, Project No KUAP(F)-2015/64], it is part of MSc. thesis of H. Kiazoulu 

(advisor G.Güleryüz).   

Keywords: Plantago, ICP-MS, Tungsten Mine Work, Uludağ. 
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Sample Preparation for Determination of Therapeutic Natural Compounds 

in Medicinal Plants 
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Abstract 

There is growing interest in medicinal botanicals as part of complementary medicine in the 

World. Considerable peoples from both developed and developing as well as undeveloped 

countries use alternative remedies, including herbal medicine, for disease prevention and 

therapy. The high cost, side effects and therapeutic limitations of conventional medications are 

key factors in this state. Recently, there is interest in a scientific approach to this subject, by 

using extraction/isolation of the active compound from botanicals and its use in drug form. 

Among the commonly studied compounds, curcumin, quercetin and resveratrol are called as 

miraculous chemicals. To determine these reagents, they should be extracted from samples 

plant at high efficiency. Several new extraction techniques for improving efficiency and 

selectivity are now replacing the traditional methods of extraction such as soxhelete extraction 

and similars. These novel extraction methods include Supercritical Fluid CO2 Extraction 

(SCFE), Accelerated Solvent Extraction (ASE) and Microwave Assisted Extraction (MAE). 

 
Keywords: Natural Compounds; Extraction Methods; Herbal Medicine.  

 

Introduction 

During last years, the interest on polyphenols and other molecules with antioxidant 

activity has increased among agricultural and food scientists, nutritionists, food industry 

professionals and consumers (1-3). Among them, resveratrol is called as miraculous component 

because it have the antiinflammatory, antimicrobial, antioxidant, antimutagenic, antidepressants, 

cardio-protective, anti-angiogenic, anti-proliferative as well as anticancer properties and recently 

stated to be useful for skin whitening agent (in cosmetic), against hair loss, neurodegenerative 

and diabete diseases (4-6). Thus, the effects of resveratrol have been widely studied (7-8). 

Subsequent reports have shown that resveratrol suppresses proliferation of several types of 

cancers, such as colon, breast, pancreas, prostate, ovarian and endometrial cancers, as well as 

lymphoma, and affects diverse molecular targets (9). Resveratrol is produced by a restricted 

number of plants such as grapes (Vitis spp.), peanuts (Arachis spp.)[11] and berries [12]. It is not 

normally present in large amounts and is produced in response to stress; resveratrol belongs to a 

class of defense molecules called phytoalexins that protect against infection and damage from 

exposure to ultraviolet (UV) irradiation. 

 

After a long studied period, it is knowledge that curcumin have the antiinflammatory, 

antibacterial, pro-apoptotic, chemopreventive, chemotherapeutic, anti-proliferative, wound 

healing, anti-nociceptive, antiparasitic and anti-malarial properties (10-11). Further, it was 

reported that curcumin may be active against a wide range of human diseases, including 

diabetes, obesity, neurologic and psychiatric disorders, and cancer, as well as chronic illnesses 

affecting the eyes, lungs, liver, kidneys, and gastrointestinal and cardiovascular systems as well 
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as curcumin has potential as both a chemopreventive and a chemotherapeutic agent against 

cancer (12). 

 

Nowadays, quercetin is largely utilized as a nutritional supplement and as a 

phytochemical remedy for a variety of diseases like diabetes/obesity and circulatory 

dysfunction, including inflammation as well as mood disorders (13).  The therapeutic 

applications of quercetin is illustrated in Figure 1. Strong antioxidative capacities of quercetin 

are primarily described to the presence of two antioxidant pharmacophores within the molecule 

that have the optimal configuration for free radical scavenging: the catechol group in the B ring 

and the OH group at position 3 of the A ring (Fig. 2) (13). 

 

 
Figure 1. Therapeutic applications of 

quercetin (13). 

 

 

 
Figure 2. Structure of quercetin

 

In this study, novel extraction methods were evaluated and concentrations of resveratrol, 

curcumin and quercetin in food samples using these methods were summarized. 

 

Materials&Methods 

Obtaining an appropriate sample is an obvious first step in an analytical procedure. 

When developing analytical protocols, a key step is the determination of the analyte recovery 

for the overall method and for each individual procedure. Recently, a few novel exraction 

techniques are more popular: 

1. Accelerated Solvent Extraction (ASE): Accelerated solvent extraction (ASE) or sometime 

called pressurized solvent extraction (PSE) or pressurized liquid extraction (PLE) is a technique 

which has been developed as an alternative to classical extraction methods such as Soxhlet, 

maceration, percolation or reflux, offering advantages with respect to extraction time, solvent 

consumption, extraction yields and reproducibility. It uses organic solvents at elevated pressure 

and temperature in order to increase the efficiency of the extraction process. Increased 

temperature accelerates the extraction kinetics and elevated pressure keeps the solvent in the 

liquid state, thus enabling safe and rapid extractions. High temperatures decrease the viscosity 

of the liquid solvent, allowing a better penetration of the matrix and weakened solute matrix 

interactions. Also, elevated temperatures enhance diffusivity of the solvent resulting in 

increased extraction speed. Solvents can be selected based on the polarity of the analyte and 

compatibility with any post-extraction processing steps and quantification equipment (14-15).  

2. Subcritical water extraction (SWE): Subcritical water extraction (SWE) is the extraction 

using hot water under pressure. SWE is an environmentally-clean technique that provides 
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higher extraction yields to extract solid samples. SWE is carried out using hot water (from 100 

ºC until 374 ºC, the latter being the water critical temperature) under high pressure (usually up 

to 10 bar) enough to maintain water in the liquid state.  

Supercritical Fluid Extraction (SCFE): A supercritical fluid is an element or compound above 

its critical pressure and temperature. In this state, it is compressible and possesses both the 

properties of a gas and a liquid, providing the supercritical fluid with improved solvating power 

and has an edge over conventional liquids. The main attraction of SCFE is the use of carbon 

dioxide (CO2) as the solvent. Unlike most organic solvents, CO2 is not as harmful 

environmentally and has been described as a “green solvent”. It is an inexpensive, relatively 

inert and non-inflammable gas of low toxicity, with easily achievable supercritical conditions 

(Fig. 3). Polar modifiers such as water or methanol are usually added to improve the solubility 

of the more polar analyte in the supercritical fluid or to competitively displace the analyte from 

the matrix active sites. The addition of a modifier is reported to increase the yield of the analyte 

of interest by up to three-fold (16-17). 

3. Microwave assisted extraction (MAE): Using MAE (Fig. 4), heating occurs in a targeted and 

selective manner with practically no heat being lost to the environment as the heating occurs in 

a closed system. This unique heating mechanism can significantly reduce the extraction time 

(usually less than 30 min) as compared to Soxhlet. The principle of heating using microwave is 

based upon its direct impact with polar materials/solvents and is governed by two 

phenomenons: ionic conduction and dipole rotation. Both of them are responsible for heating 

of substances, which in most cases occurs simultaneously. Only dielectric material or solvents 

with permanent dipoles do get heated up under microwave. The efficiency with which different 

solvents heat up under microwave depends on the dissipation factor, which is the measure of 

the ability of the solvent to absorb microwave energy and pass it on as heat to the surrounding 

molecules (18-19). 

 

 

Figure 3. Supercritical conditions 

 

Figure 4. Microwave assisted extraction
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Results and Discussion 

The polyphenols can be divided, depending on their basic chemical structure into at least 

10 different classes. The flavonoids constitute one of the most important group, and they can 

be further subdivided into 13 different classes, with more than 5000 compounds described (20). 

During last years, the interest on polyphenols and other molecules with antioxidant activity has 

increased among agricultural and food scientists, nutritionists, food industry professionals and 

consumers. In the analysis scheme, extraction serves to isolate analytes from potentially 

interfering sample components while getting these analytes into a form suitable for analysis. 

Enhanced extraction methods are generally instrumental systems, and the enhanced efficiency 

of these methods comes from elevated solvent temperature. This temperature elevation leads to 

favorable kinetic, diffusion, solubility, and other parameters. Temperature increases lead to the 

improved extraction capabilities of more traditional techniques such as Soxhlet extraction. 

Ultrasonic-assisted extraction possesses enough potential than conventional techniques for the 

extraction of plants secondary metabolites. It has been least exploited in comparison to other 

techniques. Ultrasonication overcomes all the disadvantages of high cost, post process 

concentration, low recovery, and others. The time required for the extraction stage is reduced 

to some 40 min in the ASE method (representing a considerable reduction when compared with 

the traditional methods of maceration) (14). The efficiency of ASE was 1.2–1.5 times higher 

than the Soxhlet extraction and time consumed was very less. It can be evaluated that, maximum 

recovery/efficiancy is achieved using ASE and MAE. 

Conclusion 

It can be concluded that various factors influence the polyphenol extraction in terms of 

content, efficiency, composition, and purity of polyphenols. These factors include technique 

used for extraction, duration of extraction, solvent used, solvent to solid ratio, and intensity of 

waves. Microwave-assisted and Accelerated Extraction techniques seem to be more promising 

and have shown a greater potential and better efficiency for the extraction of polyphenols as 

compared to other techniques. 
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Industrial effluents raise municipal water pollution and contamination monitoring gains 

more importance for water sources1. Separation and/or preconcentration of trace elements are 

very important prior to their accurate and precise determination2-3.  

In present study, a solid phase extraction procedure was suggested for simultaneous 

preconcentration of trace levels of Ba(II), Cd(II), Co(II), Cu(II), Mn(II), Ni(II), Pb(II), Sr(III) 

and Zn(II) on fluorescein loaded silica gel. Modification of silica gel was confirmed with 

scanning electron microscope (SEM) and X-ray diffraction (XRD) analyses. The influences of 

analytical parameters, including pH, sample volume, flow rate of solutions, eluent type, volume 

and concentration on recovery of certain ions were studied. Determination of the analytes was 

achieved by inductively coupled plasma optical emission spectrometry (ICP-OES). The 

accuracy of the method was tested with Lake Ontario water and multi-element standard 

solution. The proposed method was also applied to various natural water samples and 

satisfactory results were obtained. The suggested methodology can be alternatively applied in 

separation/preconcentration of Ba(II), Cd(II), Co(II), Cu(II), Mn(II), Ni(II), Pb(II), Sr(III) from 

water based natural samples. 

Keywords: Multielement Preconcentration, Silica Gel, Fluorescein, ICP-OES 
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Bacteria detection is still a challenging issue and conventional bacterial detection 
methods are time consuming. In this study, a passive microchip design was used for fast and 
sensitive determination of Escherichia Coli (E. Coli) based on sandwich immunoassay. Gold 
coated magnetic nanoparticles (MNPs) and cadmium telluride (CdTe) quantum dots (QDs) 
were synthesized, surface modified and functionalized using E.coli specific antibody and they 
were used to form an in-chip sandwich immunoassay. The developed microchip consists of four 
micro-chambers connected to each other by microchannels, which act as capillary valves. First 
the magnetic separation and preconcentration of the E.coli from the sample solution in the vial 
was performed and then, the first chamber was filled with MNP-bacteria conjugate. The second 
microchamber was filled with QD-antibody conjugate, the third and fourth chambers were filled 
with washing buffer (phosphate buffered saline, pH=7.4). The MNP-bacteria conjugates were 
transferred from the first chamber through the microchannel using a magnet and being 
interacted with the QDs and then, washed in the third chamber in order to eliminate free QDs. 
Signal measurement was performed at the forth chamber using hand held spectrofluorometer 
equipped with a 295 nm LED source for excitation and fiber optic reflection probe. Amount of 
MNP and QDs injected to the microchambers were optimized. The calibration was linear in the 
range of 101-105 cfu/mL with a correlation coefficient higher than 0.988. River water samples 
were analyzed with a recovery of 92 ± 10 %. The detection limit of the method in PBS was 
calculated as 1 cfu/mL. The proposed technique provides an inexpensive, rapid and sensitive 
method for the determination of E. coli.    

 

Keywords: E .coli, Magnetic Nanoparticle, Quantum Dots, Microchip 
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The global occurrence in water resources of organic micropollutants, such as fungicide 

has raised concerns about potential negative effects on aquatic ecosystems and human health 1. 

A new selective material based on molecularly imprinted polymers (MIP) have been 

synthesized by precipitation polymerization using carbendazim as template, methacrylamide as 

functional monomer, ethyleneglycol dimethacrylate as cross-linkers and an acetonitrile as 

porogen 2-3. The new MIP was used as solid phase extraction (SPE) sorbent for sample 

enrichment of carbendazim residues prior to high performance liquid chromatography. Various 

parameters affecting on the extraction efficiency of the imprinted polymers were evaluated to 

optimize the selective preconcentration of carbendazim from water and fruit & vegetable 

samples. Under the optimized conditions, the developed MIP-SPE method showed excellent 

linearity in the range of 0.05–5.00 mg L-1 with coefficient of determination (R2) > 0.995 and 

good recovery of >80.9% and limit of detection (LOD) was 0.008 mg kg-1 which is much lower 

than the maximum residue limits (MRL) set by the EU legal limit (> 0.01 mg kg-1) 4-5. The 

developed method was successfully applied to the analysis of carbendazim in selected water 

and fruit & vegetable samples. MIP-SPE showed superior extraction efficiency towards the 

carbendazim as compared to non-imprinted polymer solid-phase extraction (NIP-SPE). 

 

Keywords: Molecularly imprinted polymers, Carbendazim, Water and Fruit & Vegetable Samples 

and HPLC-DAD. 
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More than seventy years, many reports have stated some of natural and synthetic 

chemicals can cause adverse effects by altering the hormones in the endocrine systems of 

animals. Since, these chemicals are capable of disrupting the endocrine system, are known as 

endocrine-disrupting chemicals (EDCs) [1]. EDCs consist of pharmaceuticals, steroids, 

industrial chemicals, personal care products and pesticides. More recently, pesticides have been 

linked to ecological impacts at trace concentrations and have been detected in various surface 

and ground waters. Therefore, there is an urgent need to develop methods to be able to detect 

concentrations of these chemicals at ng L-1 level. 

Apart from the conventional liquid-liquid extraction, solid phase extraction (SPE), using 

different stationary phases, have been employed for the sample preparation step of pesticide 

determinations in environmental samples as a standard method. However, SPE displays some 

drawbacks such as multistage operation, large consumption of reagent, low enrichment factor 

and time consuming. These problems can be accomplished by using micro-SPE (µ-SPE) 

extraction technique developed in 2006 [2]. In this technique, the interfacial area between the 

solid adsorbent and sample solution was increased and by improving the surfaces, selectivity 

of the proposed method was also improved [3].  

In this study; different µ-SPE methods including dispersive and micropipette tipped 

type were used for fast analysis of EDC pesticides in different samples. Different nano particles 

namely, TiO2, ZnO, SiO2, carbon nanotube and different clay types were utilized in fast micro 

extraction of pesticides. These nanofiller surfaces were used in sonication-assisted 

emulsification microextraction combined with vortex assisted µ-SPE and in micropipette tips 

extraction. The performances of dispersive µ-SPE and micropipette tipped µ-SPE were also 

compared in this study.  

The parameters related to the extraction procedure namely; pH, sorbent amount, 

extraction solvent type and volume, washing and elution solvent type, sample volume effect on 

the extraction efficiency were also screened. The performance of extraction of Chlorpyrifos, 

Chlorpyrifos-oxon, Penconazole, Procymidone, Bromopropylate and Lambda Chyalothrin 

were compared by using GC-ECD and GC-MS systems. The regression coefficients relating to 

linearity were at least 0.99. Recoveries from spiked well water sample range from 80 to 97% 

and relative standard deviations were no higher than 15% in the most unfavourable case.  
 

 

Keywords: Dispersive Micro-SPE, Micropipette Tipped SPE, Pesticides, Endocrine Disruptors. 
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New drugs have become available in recent years such as Carbidopa (Carbi), and 

Droxidopa (Droxi) for the treatment of Parkinson’s disease. However, since the demand of 

dopamine supplementation during the treatment, levodopa has been considered treatment for 

motor symptoms. Therefore, their simultaneous analyses are important. Liquid 

chromatography- tandem mass spectrometry (LC-MS/MS) is a powerful technique for the 

sensitive, selective and accurate analyses of drug molecules in pharmaceutical formulations and 

in various biological matrixes.  

 

This study is aimed to develop a new LC –MS/MS method for the simultaneous 

determination of Carbi, Droxi and Levo in pharmaceutical dosages. Accordingly, performances 

of two types of analytical columns namely, ODS and HILIC were tested and the detection limits 

were calculated according to S/N =3 criterion as 0.007,0.003 and 0.007 ng/mL for ODS column 

and 0.003, 0.0015, 0.007 ng/mL for HILIC column, for Carbi, Droxi and Levo respectively. 

 
Figure 1 LC –MS/MS chromatogram for 5 ng/mL Carbi, Droxi and Levo obtained by using  ODS column 

 

 

Keywords: Liquid Chromatography- Tandem Mass Spectroscopy, Droxidopa, Levodopa, Carbidopa,  
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The need to enhance food safety has led to major advancements in pesticide productions 

and though many benefits have been gained, environmental contamination has also risen from 

these chemicals that tend to persist in the environment. Some pesticides, together with other 

chemicals commonly called endocrine disruptive compounds, block the receptor sites of 

hormones or mimic displaced hormones, leading to imbalanced hormonal levels that result in 

health disorders and diseases. These chemicals occur at trace levels and are not directly detected 

by conventional analytical methods (1,2). A dispersive liquid-liquid microextraction method 

was therefore developed for preconcentration of 12 analytes including hormones, endocrine 

disruptive compounts and pesticides, to be analyzed by GC-MS. This was achieved by 

optimizing the parameters that affect extraction output such as extractor solvent type and 

amount, dispersive solvent type and amount, pH and salt effect. The limits of detection and 

quantification of the method were between 0.09 – 5.69 ng mL-1 and 0.31 – 18.96 ng mL-1, 

respectively. The calibration plots of the analytes also showed good linearity. Recovery studies 

were performed for water matrice and the percentage recoveries recorded were between 85-

110%.     
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Today's innovative technologies permit comprehensive screening of the genome, 

transcriptome, proteome, and metabolome. Detailed knowledge of genomic, proteomic and 

metabolomics processes converged in the integrated "omics" approach holds an immense 

potential for understanding mechanism of diseases, for their early diagnostics, choosing 

personalized therapeutic strategy and assessing its effectives. In metabolomics, the purpose is 

to identify and quantify as much as metabolites in a biological system.  

Breast cancer is the most common type of cancer among women is 12% lifetime risk of 

developing the disease; the risk of death from the diseases is increasing up to 5%. Metabolomics 

analysis has a great potential in the elucidation of the mechanism and the early diagnosis of 

breast cancer as well as other diseases (1-2).  

In this study, we aimed to find best analyses conditions in order to analyse metabolites. 

For that reason, we create a plasma pool samples made by mixing of plasma samples obtained 

from healthy individuals (n=20) and patients (n=20) for method optimization. Three different 

chromatographic columns were tested for LC-qTOF-MS based metabolomics profiling. The 

optimal separation was achieved on ZIC-HILIC column (100x4.6mm I.D., 5 µm) at a column 

temperature of 40 °C using a mobile phase of 0.1% formic acid in acetonitrile and 0.1% formic 

acid in water (80:20, v/v) by gradient elution at a flow rate of 0.3 mL/min. The analyses were 

carried out at both positive and negative ionization mode. Mass feature detection, retention time 

correction, alignment, annotation and statistical analysis were performed with XCMS software. 

Around 600 peaks were achieved in negative ionization techniques, while about 2000 peaks in 

positive ionization techniques (Table 1). The highest number of mass feature was detected in 

the column 2 with shortest analysis time. This column was used screen analysis of 300 patient’s 

plasma sample in order to investigate biomarker candidates for early diagnosis of breast cancer. 

The possible new biomarkers has been identified and their predictivity index on early diagnosis 

of breast cancer were discussed.    

Table 1: The number of mass features detected in different experimental conditions 

 Positive ionization mode* Negative ionization mode* 

Column 1 1580 / 2162 433 / 673 

Column 2 1494 / 2171 511 / 782 

Column 3 792 / 2592 275 / 508 
* The number of evaluable peaks / The number of peaks 

Keywords: LC-qTOF-MS, Metabolomic Profiling, Breast Cancer  
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Melatonin (N-acetyl-5methoxytriptamine) is a neurohormone synthesized from L-

tryptophan via serotonin and naturally present in foods. Besides playing an important role in 

circadian rhythmicity and photoperiodic responses, it also has therapeutic properties, such as 

anti-tumor, anti-aging and protects the immune system (Mostafavi et al). It has been proven 

that melatonin has a strong influence on the sleep–wake cycle in humans. Moreover melatonin 

is more powerful than other antioxidants, namely carotenoids, vitamin E, ascorbic acid and 

glutathione probably due to its small size and amphipathic nature that makes it easily permeate 

all tissues and subcellular compartments. It has also been suggested for clinical use to treat 

diseases, including neurodegenerative diseases (Alzheimer's, Parkinson's disease), heart 

disease, metabolic disorders, tumors, and accidental nuclear radiation. (Feng et al) Melatonin 

was first discovered in plants in 1995. Since then, numerous studies have been reported the 

presence of melatonin in foods. The aim of this study is to develop reliable analytical method 

to detect melatonin in milk. The method includes extraction of melatonin with ethylaceteate 

from milk and analyzing with LC-MS/MS.  d7-Melatonin was used as internal standard. In 

House validation of analytical method was performed by carrying out, linearity, limit of 

detection, limit of quantification, precision and recovery. Calibration curve was linear between 

0.05 and 20.0 ng/ml with correlation coefficient >0.99. Recovery values of the method were 

100% and 106% for 1 µg/L and 5 µg/L spike respectively. Interday and intraday precisions 

were 4,11% and 3,92% for 1 µg/L spike and 4,35% and 2,15% for 5 µg/L spike respectively. 
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Dopamine (DA) and serotonin (5-hydroxytryptamine, 5-HT) are important and major 

biogenic monoamine neurotransmitters, which are released to extracellular fluids from the 

neurons widely distributed in the brain. In order to realize the pharmacological, physical and 

biological roles of these biomolecules, measuring their concentration in brain tissue is an 

important task. Voltammetry is preferable among the traditional methods for the determination 

of monoamine neurotransmitters in vivo or in vitro in experimental neuropharmacology and 

neuroscience for its simplicity and rapidity. However, the major problem is the strong 

interference arising from many other electroactive species which often coexist in biological 

tissues or fluids. Another problem is that several macromolecules, mainly proteins, present in 

brain can foul the electrode surface. To resolve the first difficulty, electrodes have been 

modified with various materials. In order to overcome the latter one, in vivo sampling by 

microdialysis can be used. Hence, if voltammetry is combined with microdialysis, some 

advantages, such as high sensitivity, selectivity and effective anti-fouling ability, will be 

possibly obtained [1]. 

Bearing in mind the aforementioned facts, the current work aims to describe the 

fabrication and application of a novel chemically modified electrode for the measurements of 

DA and 5-HT in rat brain after using of microdialysis sampling. For this purpose, the carbon 

paste electrode (CPE) modified with electropolymerized films of glutamic acid (PGA) known 

as an amino acid was used. Using square-wave mode, the modified electrode (PGA/CPE) 

exhibited linear voltammetric responses for DA and 5-HT at +0.27 and 0.36 V (vs. Ag/AgCl) 

in the ranges from 5×10-8 M to 6×10-7 M, and 2×10-8 M to 9×10-7 M, with detection limits of 

1.1×10-8 M (1.53 ng mL-1), and 3.4×10-9 M (0.85 ng mL-1), respectively. Taking advantage of 

the enhanced electrochemical response of PGA/CPE, the proposed method was applied to the 

microdialysis samples deriving from corpus striatum of rat brain. 
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Selective determination of the low amounts of the target analyte in the presence of 

interfering substances is one of the major problems in analytical chemistry. The high specificity 

of the biological macromolecules like enzymes and antibodies has been exploited for more than 

50 years in clinical analysis, food control and environmental analysis. However, the analytical 

use of bioreceptors can be restricted due to their incompatibility and limited stability under 

analysis conditions. In order to overcome these problems, biomimetic binders and catalysts 

have been generated using “evolution in the test tube” of non-natural nucleic acids (aptamers) 

or total synthesis of (molecularly imprinted) polymers (MIPs) [1]. 

The essential prerequisite of macromolecular imprinting to create accessible binding 

sites amenable for free target-exchange between the MIP and the sample phase has been 

fulfilled by controlling the binding site generation solely at the surface of the polymer, i.e. 

surface imprinting. The development of MIPs for proteins  started  from 1995  with only a few 

papers up to 2004 but it exploded in 2005  and covers at present almost ten percent of all 

publications on MIPs. Protein-MIPs have great potential in both diagnostic and therapeutic 

applications.  

We present in this talk the preparation and the performance (Table1) of electrochemically 

prepared MIPs by using scopoletin or a novel carboxylate-modified derivative of 3,4-

propylenedioxythiophene (ProDOT-COOH) as monomers for three very different protein 

targets: The iron storage protein ferritin, tetrameric acetylcholine esterase (AChE) and the  

Hexameric Tyrosine-coordinated Heme Protein (HTHP)-a peroxidase. 

Table1.  

Template MW 

(KDa) 

Number of 

Subunits 

Imprinting 

Factor 

Linear range 

(µM) 

Read-Out 

HTHP 50 6 12 30-100 Direct Electron Transfer, 

Catalysis 

AChE 280 4 9.9 0.04-0.4  Catalysis, AFM 

Ferritin 450 24 13 Up to 0.5  SPR,AFM,Redox Marker 

 
Keywords: Molecularly Imprinted Polymers, Biomimetic Sensors, Ferritin, Acetylcholine Esterase, 

HTHP 
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This study describes a sensitive and accurate voltammetric determination of boron in 

eye lotion and various water samples using gold or copper nanoparticles and multiwalled carbon 

nanotube modified glassy carbon electrode (Au or CuNP/MWCNT/GCE). The oxidation of 

Alizarin Red S (ARS) at -0.59 V in the boron-ARS complex formed in ammonium/ammonia 

buffer solution (pH 8.5) was evaluated as a response. The parameters affecting the peak current 

such as gold and sulfuric acid concentration, scan rate and cycle number for modification of 

electrode and the other parameters such as pH and concentration of supporting electrolyte, 

concentration of ARS, ionic strength, step amplitude, interval time, pulse time, pulse amplitude, 

deposition potential and time were optimized. Modified electrodes were characterized by 

Electrochemical Impedance Spectroscopy (EIS) and Scanning Electron Microscope (SEM). 

The limit of detection (3sy/x) is 55 µg/L for 40 s accumulation time and calibration graph is 

linear between 100 µg/L and 1500 µg/L of boron concentration for AuNP/MWCNT/GCE and 

the limit of detection (3sy/x) is 81 µg/L for 40 s accumulation time and calibration graph is linear 

between 200 µg/L and 1000 µg/L of boron concentration for CuNP/MWCNT/GCE. The 

relative standard deviation values were found to be 2.14%, 2.38%, 2.57% and 2.99% for 0.4, 

0.7, 1.0 and 1.5 mg/L boron concentration levels with AuNP/MWCNT/GCE and 6.43%, 2.14% 

and 5.56% for 0.2, 0.5 and 0.8 mg/L boron concentration levels with CuNP/MWCNT/GCE. 

The recovery results changed between 97.2% and 101.2% for various water samples and 

100.5% for eye lotion with AuNP/MWCNT/GCE. The recovery results changed between 

103.5% and 105.7% for various water samples and 100.0% for eye lotion with 

CuNP/MWCNT/GCE. The results obtained from the developed method with two modified 

electrodes were compared with those obtained from ICP-MS method and no statistically 

significant difference between the methods was found for 95% confidence level.  
 

Keywords: Boron, Alizarin Red S, Nanoparticles, Modified Electrode, Multiwalled Carbon 

Nanotubes, Voltammetry. 
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Tyramine (p-hydroxyphenylethylamine, Tyr) being one of the important biogenic 

amines is produced by both the decarboxylation of tyrosine and degradation of food products 

resulting from microbial activity. Tyr can cause unnatural and toxic effects when ingested in 

more quantities than certain legal limits that have been established 100-800 mg of Tyr/kg of 

food For these reasons, determining the amounts of Tyr is important for our health. 

Electrochemical methods may be a better option because of their simplicity, rapidity and high 

sensitivity. But Tyr is known to polymerize and passivate the electrode surfaces and detecting 

it at conventional electrodes is limited[1-3].  

Poly(3-methylthiophene) (P3MT), which can be easily electrodeposited onto different 

electrode surfaces by electrochemically methods, is one of the most promising conductive 

polymers, which has high conductivity, good redox reversibility, and environmental stability. 

P3MT modified electrodes have shown an improvement for detecting catecholamines and other 

molecules of biological importance over the traditional electrode materials[4,5].  

 In this study, Pt/P3MT modified electrode were prepared using electrochemically 

method for Tyr electroanalysis. Black adherent P3MT film was deposited on Pt electrode by 

potentiodynamically at -0.4V to 1.8V range in the dicloromethane solution containing 0.50M 

3MT monomer  and 0.1M tetrabutylammonium perchlorate . The experiments were carried out 

in a buffer solution (pH 2) consisting NaHSO4/Na2SO4.  The amperometric results obtained 

good analytical values in aqueous media at applied potential of 0.80V that there was no any 

current response on bare platinum electrode and polymerization of Tyr monomer. The limit of 

detection(LOD), limit of quantification(LOQ), linear dynamic range and the regression coefficient (R2) 

of Pt/PF modified electrode determined as 4.06x10-3,  1.40x10-2, 1.40x10-2 to 10.0 mM and 0.998, 

respectively.   
 
Keywords: Poly(3-Methylthiophene), Biogenic Amine, Tyramine, Amperometri 
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Salvia L. (Lamiaceae) genus is represented more than 900 species in the world and about 

98 species in Turkey. Fifty-three of them are endemic. Salvia genus is a member of the 

Lamiaceae family. These plants have trichomes and aromatic qualities. As they contain various 

essential oils, they are used in perfumery and medicine. Medicinal plants are biologically active 

materials traditionally used in the treatment of a variety of diseases since ancient times. 

Essential oils derived from many plant species are known to have antimicrobial, antioxidant 

and anticholinesterase activities, and attempts to characterize their bioactive principles have 

increased in many pharmaceutical and food-processing applications (1-5). The aim of this study 

was to determine the essential oil profile of five endemic Salvia species (Salvia cerino-pruinosa 

var. cerino-pruinosa, Salvia cerino-pruinosa var. elazigensis, Salvia pseudeuphratica, Salvia 

siirtica and Salvia rosifolia) by GC/MS. Additionally, the essential oil of these Salvia species 

were tested for antioxidant (β-Carotene-linoleic acid test system, DPPH free radical scavenging 

activity, ABTS cation radical decolorisation and cupric reducing antioxidant capacity) and 

anticholinesterase (Acetyl- and butyrylcholinesterase enzymes) activities. The major 

component of the essential oils was identified as Germacrene D (38.3%) for S. cerino-pruinosa 

var. cerino-pruinosa, Camphor (43.1%) for S. pseudeuphratica, Germacrene D (32.7%) for S. 

siirtica, 1,8-Cineole (26.3%) for S. rosifolia, Germacrene D (21.6%) for S. cerino-pruinosa var. 

elazigensis. Generaly, the essential oil of these Salvia species exhibited weak antioxidant 

activity in the four tested methods but good anticholinesterase activity in the two method. 

Keywords: Salvia species, Essential Oil, Antioxidant, Anticholinesterase 
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The present work continues our attempts to computer-assisted developments of effective 

multilinear combined pH/organic solvent gradient elution optimization procedures in liquid 

chromatography [1]. In specific, Excel VBA macros have been written and implemented using 

two different platforms; the fitting and the optimization platform. The fitting platform calculates 

the adjustable parameters of every group of analytes (monoprotic and/or diprotic acids and 

bases as well as ampholytes) and furthermore predicts their elution time. The optimization 

platform determines the gradient conditions that lead to the optimum separation of all solutes 

using different equation for each group. Both platforms are based on the Solver tool under GRG 

Nonlinear and Evolutionary mode, respectively. The performance of the two platforms was 

successfully tested in the separation of tryptophan and its kynurenine metabolites since 

tryptophan metabolism via the kynurenine pathway is essential in several fundamental 

biological processes. In more details, the solutes tested are: three ampholytes, anthranilic acid 

(ANA), 3-Hydroxyanthranilic acid (HANA) and L-kynurenine (KYN), three diprotic acids, 5-

hydroxytryptophan (HTRP), kynurenic acid (KYNA) and 5-hydroxyindole acetic acid  (HIA), 

a monoprotic acid, tryptophan (TRP), and a monoprotic base, 5-hydroxytryptamine (HT). A 

screenshot of the MS Excel spreadsheet used for separation optimization of the above mixture 

of metabolites is shown below: 

 

 
 

Keywords: HPLC, Gradient Elution Optimization, Tryptophan Metabolites, Excel Spreadsheets 
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Mycotoxins are toxic metabolites produced by fungi and they are potentially hazardous 

to humans and animals. Ochratoxin A (OTA) is a common mycotoxin and its main toxic effects 

are nephrotoxicity, hepatotoxicity, immunotoxicity, teratogenicity and neurotoxicity [1, 2].  

Besides that, OTA has been classified as a possible human carcinogen by the International 

Agency for Research on Cancer (IARC) [3]. Therefore, quantification of OTA concentration in 

the blood sample is very important for evaluation of the possible human health risks of OTA 

[4]. In this study, a new, efficient and rapid Ultra High Performance Liquid Chromatography 

with Fluorescence Detection (UHPLC-FLD) method was developed and validated for OTA 

analysis in rat plasma samples. The rat blood samples were collected simultaneously after intra-

peritoneal injection (i.p.) of OTA (5 mg kg‒1) during a period of 12 h. Calibration curve obtained 

with spiked biological matrices showed good linearity with a high correlation coefficient. 

Plasma samples were analyzed after a simple, one-step protein precipitation with methanol. 

Diflunisal (DIF) was used as the internal standard (IS). OTA and IS were separated on a Zorbax 

Eclipse Plus C8 (150 mm x 3.0 mm ID, 1.8 µm particles) column and were isocratically eluted 

in the mobile phase consisting of acetonitrile:water:phosphoric acid (50:50:0.1, v/v).  The flow 

rate was 0.6 ml min−1. The signals were detected at 330 nm excitation and 450 nm emission 

wavelengths. Under these conditions, OTA and IS were separated in 5 min. The method was 

successfully validated in terms of linearity, precision, accuracy, limit of detection, limit of 

quantification, robustness, and stability. This method was successfully applied for monitoring 

of OTA levels in rat plasma. 
 

Keywords: Mycotoxin, Ochratoxin-A, UHPLC, Rat Plasma, Validation 
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Colorectal cancer (CRC) is the third most common cancer and the second most common 

cause of cancer related deaths in the world. Great effort is being made to treat and detect this 

disease at early stages1. Especially genomic and post genomic studies in vivo or in vitro supplies 

huge amount of information to support clinically treatment. Proteomic that is a post genomic 

area provide proteome based changing in cancer cell lines, tissues and body fluids with every 

stage of disease and treatment. Proteomic is the one of the main tools to understand mechanism 

of CRC and the effect of drug candidate molecules on CRC. 

Mass spectroscopy coupled with nano liquid chromatography has been used extensively 

to study proteome.  Nano liquid chromatograph (nLC) gives more sensitivity than regular liquid 

chromatography and limited amount of samples like tissue proteome could be analyzed with 

nLC. Although nLC is a very useful tool for proteomics; system has some drawbacks that are 

dead volume and robustness2. Especially robustness is a main parameter in analytical system 

validation process. In recent years regular UPLC system has been used in proteomics and ıt has 

been observed that standard flow UPLC gives better yields in target proteomics and comparable 

results with nLC about protein identification in vitro3. Especially in terms of chromatographic 

metrics UPLC is better than nLC system. 

In our study we developed new standard flow UPLC method to identify Caco 2 cell line 

proteome. Our gradient took 150 minutes and our flow rate 0.2 mL/min. Peptide mixtures were 

loaded onto C18 column (2.1mm x 100mm, 2.7 μm).  Our mobile phase was water containing 

%0.1 formic acid and acetonitrile containing %0.1 formic acid. We used maxquant software for 

identification and our database was human uniprot. We injected three replicate and identified 

741 proteins.  Our results showed that loading capacity is the main point in UPLC system for 

proteomics studies. We increased amount of sample up to the 100 μg of proteins. We can 

conclude that UPLC could be used in proteomics researches if there is no problem with amount 

of sample. Also maxquant search engine works very well with data that obtained from UPLC-

QTOF  
 

 

Keywords: Proteomics, Colorectal Cancer, Loading Capacity, UPLC, Maxquant 
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Herein we describe a new type of integrated labonamembrane foldable device 

suitable for onsite duplex electrochemical immunosensing using dropsize sample volumes. 

The devices are fabricated entirely by screenprinting on a nylon membrane and are composed 

of two assay zones, which are located symmetrically on either side of a threeelectrode 

voltammetric cell featuring a bismuth citrateloaded graphite working electrode. After the 

completion of two spatially separated dropvolume immunoassays on the two assay zones 

using antibodies labeled with Pb and Cdbased quantum dots (QDs), respectively, the QD 

labels are dissolved releasing Pb(II) and Cd(II) in the assay zones. Then, the two assay zones 

are folded over, and brought in contact, with the voltammetric cell for simultaneous anodic 

stripping voltammetric (ASV) determination of Pb(II) and Cd(II) at the bismuth nanostructured 

layer formed on the working electrode, by reduction of the bismuth citrate during the 

preconcentration step. In order to demonstrate their applicability to the analysis in complex 

matrices, duplex ASVQDs determination of bovine casein and bovine gammaglobulin G was 

carried out in milk samples yielding limits of detection of 0.04 μg mL-1 and 0.02 μg mL-1, 

respectively. The potential of the devices to detect milk adulteration is further demonstrated. 

These new membrane devices enable duplex biosensing with distinct advantages in terms of 

cost, fabrication and operational simplicity and rapidity, portability, sample size, disposability, 

sensitivity and suitability for field analysis. 

 

 

 

Figure 1. (A) Schematic illustration of the duplex 

protein immunosensing, (B) Photograph of both sides 

of the membrane and of the PVC holder along with the 

hydrophilic tabs used for the collection of the liquid 

waste. (C) Photograph of the complete device 

(membrane mounted on the PVC holder) plugged into 

the cable connecting to the potentiostat. 

 

Keywords: Lab-on-a-Membrane, OnSite Duplex Electrochemical Immunosensing, DropSize 

Sample Volumes, Screen-Printed Analytical Devices 
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Functionalized Reduced Graphene Oxide/Pd/Gox/Nafion Nanocomposites 

Film for Glucose Biosensing 

Muhammet Guler*, Vedat Turkoglu 
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*E-mail: mguler@yyu.edu.tr 

 

 In the study, we have demonstrated the fabrication of a novel glucose biosensor based 

on amine functionalized reduced graphene oxide (rGO-NH2) and Pd nonocomposites  modified 

glassy carbon electrode (GCE) for glucose detection in serum samples. The electrocatalytic 

properties of the biosensor were investigated using electrochemical impedance spectroscopy, 

cyclic voltammetry, and amperometry. The resulting nafion/Pd@rGO-NH2/GOx/GCE 

composites showed good electrocatalytical response to glucose. The nafion/Pd@rGO-

NH2/GOx/GCE exhibited a linear range for glucose concentration from 0.05 to 3.8745 mM 

with a correlation coefficient of 0.999 and a detection limit of 0.03 mM. Also, nafion/Pd@rGO-

NH2/GCE showed a linear range for H2O2 concentration from 0.03 to 8.2986 with a correlation 

coefficient of 0.997 and a detection limit of 4 µM. Besides, the fabricated biosensors have a 

sensitivity of 63.79 µA mM-1 cm-2 and an acceptable selectivity for glucose and a sensitivity of 

471.2 µA mM-1 cm-2 for H2O2.  

Keywords: Amine Functionalized Reduced Graphene Oxide, Pd, Gox, Nafion, H2O2, Nafion. 
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OP-21 

Label-Free Impedimetric Immunosensor for Ultrasensitive Detection of 

Cancer Biomarker RACK1 in Human Serum   
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The Receptor for Activated C Kinase 1 (RACK1) is a protein which is belonged to the 

tryptophan-aspartate repeat (WD-repeat) family1 and a homologue of the β-subunit of G-

protein.2,3 It is responsible of cell growth, movement, and division. Also, RACK1 can be an 

effective cancer biomarker for some tumor types, such as oral squamous cell carcinoma,5,6 

melanoma, colon cancer, non-small cell lung cancer, and hepatocellular carcinoma, breast 

cancer.4 A new quite sensitive disposable immunosensor, based on the anti-RACK1 antibody, 

was developed for determination of Receptor for Activated C Kinase 1 (RACK1) for the first 

time. Moreover, indium tin oxide (ITO) PET films were modified by using an aldehyde ended 

silane 11-(triethoxysilyl)undecanal (TESU) self-assembled monolayers (SAMs) for 

immobilizing anti-RACK1 antibody via covalent bonds. Cyclic voltammetry (CV), 

electrochemical impedance spectroscopy (EIS), and square wave voltammetry (SWV) methods 

were used for characterizing the immobilization steps and for determining RACK1 

concentration. To obtain a successful immunosensor, experimental factors were optimized. This 

quite sensitive biosensor was able to detect concentration as low as fg/mL. The detection 

principle was based on the change in charge transfer resistance and Nyquist plot diameter and 

these changes were monitored by using electrochemical impedance spectroscopy (EIS)5,6. This 

impedimetric immunosensor had perfect repeatability and reproducibility. We proved that the 

new silane agent, TESU had an excellent performance in the biosensor application7. The 

feasibility of the fabricated immunosensor was experienced by determining of RACK1 in an 

artificial and human serum samples. 
 

Keywords: Receptor For Activated C Kinase 1 (RACK1), Electrochemical Impedance Spectroscopy, 

11-(Triethoxysilyl)Undecanal 
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A Novel High Reproducible, Regenerative, Sensitive and Cheap Biosensor  

Developed  by Using 3-Cyanopropyl Trimethoxysilane for PAK2 Detection 

Burçak DemirbakanA, Mustafa Kemal SezgintürkB 

A Institute of Science, Chemistry ,Tekirdag/TURKEY 
B Namik Kemal University, Faculty of Arts and Science, Chemistry Department 

*E-mail: burcak_demirbakan@hotmail.com 

The p21-activated kinases (PAKs) are a family of serine threonine kinases that are 

effectors for the small Rho GTPases, Cdc42 and Rac [1]. They consist of 6 members, which 

fall into 2 related subgroups of proteins: Group I, consisting of PAK 1, 2, and 3, and Group II, 

consisting of PAK 4, 5 and 6 [2]. A large body of research has demonstrated that PAKs are up-

regulated in several human cancers, and that their overexpression is linked to tumour 

progression and resistance to therapy. Structural and biochemical studies have revealed the 

mechanisms involved in PAK signalling, and opened the way to the development of PAK-

targeted therapies for cancer treatment [3]. 

In the this work, we described a novel immunosensor developed on modified ITO 

disposable electrodes. Anti-PAK2 was immobilized through covalent with 3-cyanopropyl 

trimethoxysilane which formed a self-assembled monolayers (SAMs) on modified ITO 

electrodes. Cyclic voltammetry (CV), square wave voltammetry (SWV) and electrochemical 

impedance spectroscopy (EIS) techniques were employed to characterize the immobilization 

process and to detect. To achieve reproducible and repeatable biosensor system, all parameters 

such as SAMs concentration, antibody concentration and antibody incubation time were 

optimized. Analytical characteristics such as linear determination range, repeatibility, 

reproducibilty, regeneration and surface coverage of biosensors were determined.For 

expounding binding characterization of PAK-2 and anti- PAK-2 single frequency impedance 

method was utilized. Scanning electron microscopy was used for identifying the surface 

morphology and Kramers-Kronig transform was implemented on impedance datum. The 

biosensor has exhibited good repeatability and reproducibility. Linear range of developed 

biosensor was 0.05 pg – 2.5 pg/mL. To verify the availability of the biosensor, the human serum 

samples were experienced. 

We are thankful for financial support from the Scientific and Technological Research 

Council of Turkey (TÜBİTAK, Project number: 113 Z 678). 
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Western blotting is a type of immunoassay in which antibodies are used to quantify 

target proteins. The proteins are separated by SDS-PAGE gel and the target protein is 

transferred onto a membrane such as Polyvinylidene difluoride, nitrocellulose or nylon. 

Washing procedures are applied using a solution containing the protein-specific antibody. 

Secondary antibodies, are used to detect the presence of the primary antibody on the membrane 

surface. The secondary antibody is linked to a reporter enzyme that can be bound to the primary 

antibody. Generally, chemiluminescence detection was performed to get high sensitivity. At 

this point, analytical challenge for target protein is not only high sensitivity but also rapid 

identification. Surface- enhanced Raman spectroscopy (SERS) has potential with high 

sensitivity, real-time response, high level of specificity, ability of qualitative and quantitative 

analyses, and utility in low-cost miniaturization system. Although western blotting dominates 

low content of protein analysis with high analytical performance, SERS can be an alternative 

with its promising features.  

 

In this report, we present a Surface enhanced Raman probe (SERS) platform for the 

determination of prohibited substances such as erythropoietin (EPO) in urine matrix, using 

nanoparticles as substrate. The rod shaped gold nanoparticles were modified with antibody 

molecules as SERS probe. We developed both homogeneous and heterogenous SERS assays 

for detection and quantification of prohibited substances in urine. In heterogenous assay, after 

solid phase extraction (SPE) of prohibited substances, sandwich assay with the rod shaped gold 

nanoparticles was performed. In homogeneous assay, prohibited substances were extracted by 

using core shell-structured magnetic iron oxide gold nanoparticles, and sandwich assay was 

performed to quantify rEPO. To avoid nonspesific interactions, ethanolamine–alanin mixed 

solution was used to block active groups on the surface for 1 h. The selective binding between 

the target protein rEPO and antibody bound magnetic nanoparticle was also monitored by SDS-

PAGE and Western blotting. A good linear correlation was obtained between logarithms of 

rEPO concentrations in urine and Raman intensities within the range of 10-1 pg mL-1 – 103 pg 

mL-1 rEPO concentrations. Detection limits which are smaller than 0.1 pg mL-1 levels were 

achieved by the high extractive performance of nanoextraction techniques. 
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Application of Photonics in Diagnosis of Invasive Ductal Carcinoma Tissues 

by FT-IR  and Raman Spectroscopy 
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Photonics is the science of light (photon) generation, detection, and manipulation 

through emission, transmission, modulation, signal processing, switching, amplification, 

and detection/sensing. Though covering all light's technical applications over the 

whole spectrum, most photonic applications are in the range of visible and near-infrared light. 

The term photonics developed as an outgrowth of the first practical semiconductor light emitters 

invented in the early 1960s and optical fibers developed in the 1970s. 

In this study, it is aimed to diagnose and detect cancer cells  in tissue samples of human 

breast. In order to carry out the study, different healthy and cancered tissues were collected 

from Ataturk University, Department of Pathology. Diagnosis of tissues was already achieved 

by histopathological tests. 

Samples were deparafinized and 20 micron of each sample were located on a coverslip. 

Both healthy and cancered tissues exposure to Mid-Infrared light between wavenumber of 100-

4000 cm-1 Obtained spectrum was evaluated on MATLAB software, PLS Toolbox package 

program.O-PLS and PARAFAC analysis were applied in order to separate cancer cells and 

healthy cells. Mapping of tissues was peformed by Raman Spectroscopy including two-laser 

beam by filtering Ray-Leigh scattering. 

In conclusion, it is claimed that this method make it enable to diagnose invasive ductal 

carcinoma in human breast tissue without any sample preparation, extraction or any other pre-

treatment procedure. This easy and cheap method do not need any chemical for diagnosis of 

invasive ductal carcinoma tissues. Photonics studies exhibit a new perspective on qualitative 

determination of specific diseases. 

Keywords: Photonics, FT-IR, Raman Spectroscopy, Invasive Ductal Carcinoma 
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Component Analysis (PCA) Using X-Ray Photoelectron Spectroscopy 
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XPS has been extensively used to characterize the surface chemistry of materials. It 

plays a unique role in giving access to qualitative, semi-quantitative/quantitative information 

as well as speciation and the presence of chemical functional groups on the surface of any 

material [1]. 

PCA is the analysis of variability in a particular set of data. It provides the most powerful 

graphical tools for understanding the relationships between the samples and variables. The first 

principal component accounts for as much of the variability in the data as possible and has a 

largest eigenvalue. Large image data sets obtained by XPS can be analyzed using PCA in order 

to extract the most significant information. The goal of PCA in an area scan of XPS is to find 

images which are correlated or anti-correlated and to visualize the pixels which are responsible 

for the correlations. Images are acquired as a function of binding energy in an images-to-spectra 

experiment. Small area spectra can be obtained from any part of the sample by plotting image 

pixel intensity for a single pixel or a group of pixels versus binding energy [2]. 

In the present study, graphene-based materials were synthesized via oxidation of 

graphite by Brodie Method. Then, chemical mapping has been produced (Figure 1) with PCA 

on the basis of spectral information. For this purpose, XPS area scan has been performed and 

then the data sets were subjected to PCA in order to present the compositional in homogeneities 

in the synthesized graphene based materials. 

 

 

         Figure 1. Chemical mapping of graphene-based material 

 

Keywords: Surface Analysis Chemometrics, Chemical Mapping, XPS And PCA 
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Paper-Based Fluorescence Sensing of a Prohibited Substance in Sports  
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Recognition of Lewis bases and anionic analytes in water containing matrix such as 

biological fluids is a challenge because water is an extremely competitive media in chemical 

sensing.1 Metal–ligand interactions are a particularly powerful tool for the recognition of 

anionic or coordinating analytes in water containing samples because water is a relatively 

poor Lewis base1,2 and interferes less in this sensing strategy. Here we report two metal 

complexes of a fluorescent ligand (L), meso-1,2-diphenyl-N,N’-bis(quinoline-2-ylmethyl)-

ethane-1,2-diamine for fluorescent sensing of adrafinil, which is a prohibited substances in 

sports, in urine samples.  This ligand favours the coordination of d9 or d10 metal ions that can 

adopt square planar geometries or distorted tetrahedral geometries. When coordinated to a 

roughly planar ligand, these transition metals are coordinatively unsaturated and offer at least 

one coordination position for the binding of an analyte. Cu (II) complex of L shows 

fluorescent OFF state as Cu (II) quenched the emission of quinoline moieties. Therefore 

indicator displacement strategy with Coumaring343 indicator was employed in adrafinil 

sensing with Cu (II)-L. As expected, Zn (II) slightly enhanced the emission of L and in this 

case direct response from the Zn(II)-L sensor was used for sensing. The sensors are cross-

reactive and they respond some other molecules with different level of responses. Qualitative, 

semi-quantitative and quantitative analysis of these responses were conducted by 

chemometric techniques: Linear Discriminant Analysis and Support Vector Machine. 

Fluorescent sensing of adrafinil in urine samples by these chemical sensors was carried out on 

paper based devices which are highly sensitive, user friendly, inexpensive and disposable3.  
 

 
Keywords: Fluorescence Sensor, Adrafinil, Metal Complexes, Indicator Displacement Assay, Paper 

Based Sensing 
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Determination of Bismuth(III) in Environmental Samples by Ultrasound 

Assisted Emulsification Solid Floating Organic Drop Microextraction and 

Atomization Atomic Absorption Spectrometry 
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Trace bismuth in environmental samples was determined by ultrasound assisted 

emulsification solidified floating organic drop microextraction for preconcentration prior to 

flame atomization atomic absorption spectrometry. By the help of the proposed method, 

bismuth analysis in environmental samples is possible in an ordinary flame atomic absorption 

spectrometry even at trace levels. The bismuth ion formed hydrophobic complex by dithizone 

that was extracted using a drop of 1-dodecanol. All significant parameters affecting the 

analytical performance were studied. Optimum pH value was found as 4. Optimum sample 

volume, dithizone concentration and extraction solvent volume were found as 7.5 mL, 0.15% 

(w/v) in dodecanol and 50 µL, respectively. In addition, optimum extraction time was obtained 

as 7 min, optimum extraction temperature was 45 °C and ideal extraction phase volume was 

0.30 mL, respectively. Methanol was quite effective to use as diluent.  Under the optimum 

conditions, the preconcentration factor was 25, the enhancement factor was 29, the limit of 

detection (3s) and precision were 7.5 ng/mL and 1.03% (n = 9, 100 ng/mL), the limit of 

quantification (10 s) was 25 ng/mL and linear working range was 30-650 ng/mL, respectively. 

The accuracy of the developed method was evaluated by analyzing a certified reference 

material. The optimized method was employed for the determination of Bi(III) in environmental 

samples.  
 

Keywords: Environmental Samples; Green Chemistry; Heavy Metals; Bismuth. 
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and Pb(II) as Metal-Hematoxylin Chelates  

by DLLME-HPLC-VWD System 
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Recently, there has been a great interest in the development of the miniaturized sample 

pretreatment techniques which aim a less time-consuming procedure with a reduction in the 

amounts of sample used and solvents spent [1]. Dispersive liquid-liquid microextraction 

(DLLME) which was reported by Rezaee et al. in 2006 has many advantages including short 

extraction time,  simplicity of the operation, high recovery and enrichment factor, small 

amounts of solvents and low-cost when compared to other preconcentration procedures [2]. It 

has been used for the extraction and preconcentration of organic and inorganic compounds from 

different matrices prior to their chromatographic, spectroscopic and electrophoretic analysis 

[3,4].   

In this study, DLLME coupled with high performance chromatography-variable 

wavelength detector (HPLC-VWD) was applied for the extraction and determination of 

aluminum, iron, copper, and lead in various water samples. In the proposed approach, 

hematoxylin was used as a chelating agent, carbon tetrachloride and methanol were chosen as 

the extracting and disperser solvents, respectively. Firstly, the influences of different 

experimental DLLME parameters such as extraction and disperser solvent type and their 

volumes, chelating agent concentration, salt addition, extraction and centrifugation times and 

pH were investigated and optimized. After preconcentration, the analytes were separated on a 

Bondabak C18 column by isocratic elution with methanol:THF:water (20:12:68, v/v/v) as 

mobile phase at a flow rate of 1 mL min-1 and detected with a VWD at 575 nm. The enrichment 

factors and limits of detection (based on signal-to-noise ratio (S/N) of 3) for the target analytes 

were in the ranges of 284-327, and 10.7-53.8 ng L-1, respectively. The relative standard 

deviations and relative recoveries for spiked water samples at 5 µg L-1 of each metal varied 

from 1.7 to 5.4% and from 89.7 to 101.8%, respectively. In addition, the method was validated 

by a certified reference material of water (SRM 1643e). Finally, the proposed procedure was 

applied to the determination of investigated metals in tap water, bottled mineral water, lake 

water, and sea water with good results. 

Keywords: DLLME-HPLC, Trace Metal Analysis, Water Sample. 
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The effects of Quercetin on Bone Quality in Healthy and STZ-induced 

Diabetic Rats: A Biomechanical and ICP-MS Study‡ 
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Type 1 diabetes mellitus (DM), characterized by hyperglycemia and bone loss, have 

been reported to be related with the increased risk of osteopenia/osteoporosis in humans (1,2). 

Quercetin, a naturally occurring flavonoid, has protective effects on β-cells in DM, is capable 

to decrease high blood glucose levels, and has been reported to be have beneficial effects on 

bone cells (1). Thus, the aim of the present study was to investigate the effects of QE on bone 

quality in healthy and STZ-induced diabetic rats. For this purpose, fifty-two, Wistar-Albino 

male rats (4-month; 288–396 g) were assigned randomly into four groups: sham (treated with 

saline), QE (treated with 50 mg/kg QE), diabetes (DM; received 45 mg/kg i.p. injection of 

STZ+treated with saline), and diabetes+QE (received 45 mg/kg i.p. injection of STZ+treated 

with 50 mg/kg QE). Saline or QE administrations were performed by gavage for 8 weeks. Blood 

glucose levels as well as body-weights were measured once weekly. Bone mineral composition 

(Ca+2, P, PO4
-3, Mg, Se, and Ca/P-ratio) was evaluated by using inductively coupled plasma 

mass spectrometry (ICP-MS) after microwave-assisted digestion. Three-point bending test was 

chosen for the mechanical analysis. Geometric features of bones were also evaluated by 

computerized tomography. Our findings showed that the QE lowered the hyperglycemic 

conditions and it averted the weight loss. Furthermore, our results also indicated that the 

deteriorative effects of DM on bone quality and strength in diabetic rats was partially prevented 

by QE administration via a possible mechanism of preventing collagen degradation. In addition 

to all, we found that QE has no any protective effects on mineral loss in diabetic rats. Moreover, 

QE caused a significant decrease in bone mineral content and bone integrity of healthy rats 

resulting with a partial reduction in bone quality. In conclusion, it can be suggested that the 

bone strength and quality is reduced in DM and QE treatment may partially inhibit this 

reduction. In addition, QE may have no protective effect on bone loss associated with DM and 

it might also cause a mineral imbalance in healthy subjects. Further detailed analysis should be 

performed to clarify the effects of QE on bone mineral and collagen integrity in diabetic and 

healthy conditions. 

 
Keywords: Biomechanics, Collagen, Diabetes, Quercetin, Rat, Streptozotocin.  
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Cadmium is a toxic heavy metal occurring in the environment naturally as well as a 

serious pollutant posing severe risks to human health emanating from industrial and agricultural 

sources [1]. Consequently, in recent years, scientific researches dealing with direct 

determination of Cd2+ are increasing day by day due to insufficient sensitivity and matrix 

effects. Therefore, separation and preconcentration of trace metals prior to their analysis are 

often required [2]. Highlights of this presentation will be the discussion of synthesis, 

characterization, and Cd2+ adsorption efficiency of the novel nano-sized sorbent to which Cd2+ 

binds directly without any activation.  

In this study, poly(2-hydroxyethyl methacrylate-co-N-methacryloyl-(L)-glutamic acid) 

p(HEMA–MAGA) nanospheres have been synthesized, characterized, and used for the 

adsorption of Cd2+ ions from aqueous solutions. Nanospheres were prepared by surfactant free 

emulsion polymerization. The p(HEMA–MAGA) nanospheres were characterized by SEM, 

FTIR, zeta size, and elemental analysis. The specific surface area of nanospheres was found to 

be 1,779 m2/g. According to zeta size analysis results, average size of nanospheres is 147.3 nm 

with poly-dispersity index of 0.200. The goal of this study was to evaluate the adsorption 

performance of p(HEMA–MAGA) nanospheres for Cd2+ ions from aqueous solutions by a 

series of batch experiments. The Cd2+ concentration was determined by inductively coupled 

plasma-optical emission spectrometer. Equilibrium sorption experiments indicated a Cd2+ 

uptake capacity of 44.2 mg g-1 at pH 4.0 at 25οC. The adsorption of Cd2+ ions increased with 

increasing pH and reached a plateau value at around pH 4.0. The data were successfully 

modeled with a Langmuir equation. A series of kinetics experiments was then carried out and 

a pseudo-second order equation was used to fit the experimental data. Desorption experiments 

which were carried out with nitric acid showed that the p(HEMA–MAGA) nanospheres could 

be reused without significant losses of their initial properties in consecutive adsorption and 

elution operations. 
 

Keywords: Nanosphere, Cadmium, Adsorption, Heavy Metal, ICP-OES, Surface Science 
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Grass pea (Lathyrus sativus L., Mürdümük) has an amazing capability to survive under 

harsh environmental conditions. The presence of a neurotoxic free amino acid; β-ODAP (β-N-

oxalyl-L-α,β-diaminopropionic acid) prevents the prevalent usage of grass pea seeds (Lathyrus 

sativus L.) as a food legume in human and animal diet[1].  

Grass pea seeds with β-ODAP content lower than 0.2 % are presumed to be safe for human and 

animal consumption. Many breeding programs are in progress worldwide to develop genotypes 

combining high yield with high protein content and low or no neurotoxin (β-ODAP) [2]. 

Monitoring β-ODAP is very essential in such efforts. Therefore it is imperative to develop a 

fast, cheap and selective method to determine the neurotoxin, β –ODAP in seeds.  

In this study the electrochemical behavior of ODAP is explored by square wave and cyclic 

voltammetric techniques, using glassy carbon electrode. ODAP exhibited two quasi reversible 

anodic peaks at about 147mV (Peak I) and 200 mV (Peak II) versus Ag/AgCl in 0.10 M 

phosphate buffer solution at pH 3.0. It is shown that ODAP can be easily electropolymerized 

on carbon electrode surface to form poly-ODAP by cyclic voltammetry, similar to its structural 

analog; glutamic acid.  

Recently it was demonstrated that square-wave voltammetry is especially convenient 

for both kinetic characterization and quantitative determination of the redox couples strongly 

immobilized on the electrode surface. While the peak potentials as a function of the frequency 

have commonly been used to determine the kinetics of redox reactions from the dissolved state, 

the phenomenon of “quasireversible maximum” has emerged as a simple and viable method to 

determine kinetic parameters of surface-confined redox reactions [3]. 

Furthermore an adsorptive square wave voltammetric method was developed and validated for 

quantitative determination of ODAP in grass pea seed extracts. 

 
Keywords: Square Wave Voltammetry, ODAP, Quasireversible Maximum, Electropolymerization, 

Lathyrus Sativus L. 
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Antimony (Sb) is a toxic element and a global environmental contaminant that is found 

throughout the environment as a result of natural processes and human activities. In industry, 

antimony is used fabrication of fire retardants, glass and ceramics, batteries and polyethylene 

terephthalate (PET) bottles [1]. In view of its many uses, which are continually expanding and 

high toxicity, the development of sensitive and selective methods for the determination of 

antimony in various samples has become of increasing importance. Although spectroscopic 

techniques have been employed for Sb determination, electrochemical methods, particularly 

electrochemical stripping analysis, offer advantages of ease and speed of analysis, cost 

effectiveness and high sensitivity [2, 3].  

 

We report here a simple and robust procedure to perform sensitive and selective anodic 

stripping voltammetric determination of Sb(III) in 0.1 mol L-1 HCl media on overoxidized 

poly(phenolred) (PhRedox) film modified glassy carbon electrode (GCE). The PhRedox/GC 

electrode surface was characterized using cyclic voltammetry (CV), scanning electron 

microscopy (SEM), X-Ray photoelectron spectroscopy (XPS) and electrochemical impedance 

spectroscopy (EIS). Factors affecting the accumulation, reduction and stripping steps were 

investigated and an optimized procedure was then developed. Under optimized conditions, the 

calibration graph consisted of two linear segments of 3.6x10-10-1.0x10-8 mol L-1 and 2.8x10-8-

1.5x10-7 mol L-1 with a detection limit of 6.2×10−11 mol L−1. The intra-day relative standard 

deviation (RSD) values at PPhRedox/GC for 2.0x10-9 and 2.0x10-8 mol L-1 Sb3+ are 3.5 and 

3.1%, respectively. The inter-day RSD values at PPhRedox/GC for 2.0x10-9 and 2.0x10-8 mol 

L-1 Sb3+ are 4.3 and 3.9%, respectively. The proposed over-oxidized polymer film modified 

electrode was applied successfully for the analysis of antimony in different spiked water 

samples. Spiked recoveries for water samples were in the range of 93.0–103.0 %. 

 

Keywords: Polymer Film Electrode, Antimony (III) Determination, Anodic Stripping 

Voltammetry 
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The pesticides are used in agricultural production for food protection but, their residue 

in food alters the endocrine system. Boscalid is a broad spectrum fungicide for beans, berries 

and tomatoes. MRL values of Boscalid were established as 1 mg/kg for various types of food 

and therefore, sensitive and accurate analysis methods are required for BOS determination in 

food samples1.  

Present study decribes electrochemical and chromatographic methods for Boscalid 

determination in tomato juice and puree samples. Boscalid is a pyridine carboxamide derivative 

which can give complexes with cobalt ions and become an electroactive complex2. 

Electrochemical studies include indirect determination of Boscalid in the presence of Co(II) 

ions by AdCSV technique at a pencil lead electrode (PLE). After optimization of the 

experimental parameters, calibration graphs were drawn in in sub nanomolar levels by 

monitoring the reduction peak at -1.2 V. The catalytic character of the reduction process was 

established by mechanistic studies.  

Chromatographic studies include the use of a green separation technique. In comparison 

to the other microextraction techniques, SPME is fast, simple and greener technique since no 

solvent is consumed during the process3. commercial (PDMS-DVB) and a lab made (PPy) solid 

phase microextraction (SPME) fibers. Experimental parameters such as pH, stirring rate and 

extraction time was optimized in tomato juice sample medium. The calibration graphs were 

drawn in ppb ranges. Overall results have demonstrated that Boscalid can be determined by 

both methods sensitively and selectively and the methods developed were applied to the real 

samples.  

Keywords: Boscalid, Voltammetry, Gas Chromatography, Solid Phase Micro Extraction, Tomato 

Juice 
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Biomolecule-sensitive sensors is already a well-established part of biomedical research 

field and some of biosensor companies have produced their point-of-care devices up to now. 

Besides this, newer biosensors called as “Nanobiosensors” uses to nanomaterials to design 

small-sized sensors with high sensitivity. Applications of biosensing strategies by using 

nanometer-sized DNA molecule in the absence or presence of nanomaterials have been reported 

in the last two decades and all aspects of this biosensor area are moving equally fast especially 

for biomedical field.  

The studies related to the identification of DNA sequences are crucial for geneticists, 

pathologists,..etc. for the detection of genetic conditions underlying diseases [1,2]. Among 

them, electrochemical (nano)biosensors for application in medicine have been continuously 

designed as an alternative to other traditional and modern detection technologies [3-10]. 

Here, the present state of electrochemical DNA biosensors and their promising selected 

applications from the our lab are presented here. 

Keywords: Electrochemical DNA Biosensor, DNA, Nanomaterial, Drug-DNA Interactions, Carbon 

Electrode. 
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The concept of "molecular association" has long been recognized as important in virtually all 

fields of chemistry. The concept is that of a relatively electron poor molecule, or acceptor, 

interacting in some way with an electron rich molecule, or donor. The literature also abounds 

with such terms as "molecular complexes", "π complexes", and "charge-transfer complexes 

(CTC)" which all refer to some sort of donor-acceptor interaction1. The formation of 

molecular complexes of the charge-transfer plays important role of preparation of complexed 

molecules which have potential uses in many biological2 and technological application fields3. 

The important role of CTC in material science4, drug action5, enzyme catalysis6, antibacterial7 

and DNA binding8 are very attractive. The characterization of novel types of donor-acceptor 

complexes takes great attention to studies on many kinds of molecules design and preparation. 

Maleic anhydride (MA) is a highly electron acceptor molecule due to its low ionization 

potential and high electron affinity. p-aminodiphenyldiamine (PADPA) is an aromatic amine, 

which is used in pigment technology due to its oxidizing potential. Up to now, the charge 

transfer complex of MA and PADPA molecules has not been studied. Take into consideration 

finding changes in electronic levels of MA and PADPA molecules arising due to the electron 

transfer and determining the complex formation constant of CTC motivate us to design this 

study. CTC and amidization formed by the interaction between the electron donor of the 

PADPA and electron acceptor of MA has been identified by the IR, NMR and HRMS 

spectroscopy. The nature of CTC is characterized by SEM. 

 

Amidization reaction is caused by the proton and charge transfer of the MA and PADPA 

molecules. The formation of complex within the MA–PADPA system and related constants— 

the complex formation constant (KAD=285.32 M-1 ), the molar extinction coefficient (AD=268 

810 M-1 cm) and standard Gibbs free energy (Go= –3.35 kcal mol-1)—were determined using 

the Benesi–Hildebrand equation by UV/Vis spectroscopy 9. 
Keywords: Charge Transfer Complex, p-aminodiphenyldiamine, Maleic Anhydride, NMR, Uv-Vis 

Referenc: 
1. Kurt, G. O.; University of Florida, USA: 1981, p 230.  
2. Slifkin, M.; Academic Press Inc:1972, p 271.  
3. Hunter, C. A.; Sanders, J. K. M., J. Am. Chem. Soc. (1990) 112, 5525.  

4. Khan, I. M.;Ahmad, A., Spectrochimica Acta - Part A: Molecular and Biomolecular Spectroscopy 

(2010) 76 315. 

5. Schwoerer, M.; Wolf, H. C.; Wiley-VCH: 2007, p 438.  

6. Khan, I. M.; Ahmad, A., J. Mol. Struct. (2010) 977 189.  

7. Mandal, R.; Lahiri, S. C., J. Indian Chem. Soc. (1999) 76 347.  

8. Ungurenasu, C.; Airinei, A., J. Med. Chem. (2000) 43 3186.  

9. Karaca, E.; Kaplan Can, H.;Bozkaya, U.; Özçiçek Pekmez, N., ChemPhysChem, n/a 2016. 

mailto:npekmez@hacettepe.edu.tr


10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

63 

 

OP-36 

Absorption of Chromium and its Toxicity in Human Health: A 

Physiological Approach  

Burak Yaman 

1Gaziantep University, Medicinal Faculty, Department of Physiology, Gaziantep, Turkey    

*E-mail: burakyaman90@gmail.com  

 

 
Abstract 
 

Chromium rank among the priority elements including mercury, arsenic, cadmium and 
lead that are of public health significance because of their high degree of toxicity. These elemnts 
can deactivate the enzymes and stop or alter metabolic processes due to strong affinity of their 
cations (Mn+) for sulfur found in proteins including enzymes. Even at low levels of exposure, 
these elements are known to induce cellular damage, inflammation, and cancers mainly in the 
kidney, liver, lung, prostate, and skin. The common cellular process of those elements are 
oxidative stress caused by reactive oxygen species (ROS), DNA damage, apoptosis and cell 
death. Among carcinogenic elements, only Cr(VI) directly interacts with DNA. It entries into 
cell by way of anion transporter and is reduced to Cr(III), (IV) and (V) by cellular reductants. 
In this presentation, absorption and toxicity of Cr were discussed taking into consider its 
solubility in water as well as chemical species and way of intake into body.  
 
Keywords: Toxic Elements; Cellular Damage; Carcinogenicity; Chromium. 

 
Introduction 
 

The absorption of metals from dietary sources occurs by a number of metal transporters 
to provide sufficient amounts of individual nutrient metals. Numerous studies have alluded to 
the fact that epigenetic dysregulation may play an important role in metal-induced 
carcinogenesis since carcinogenic metals typically tend to be fairly weak mutagens, and do not 
directly interact with DNA, except hexavalent chromium [1]. Cr(VI) entry into cell by way of 
anion transporter and is reduced to Cr(III), (IV) and (V) by cellular reductants and finally, 
attacks to DNA. Cr(III) is actually an essential human nutrient required to promote the insulin 
action for utilization of sugars, proteins and fats, and it is considered to be noncarcinogenic 
cells because it doesn’t pass into cell [2]. Methylation is the most common and best understood 
epigenetic modification in DNA. The term ‘epigenetics’ refers to covalent modifications of the 
DNA or of the histones. These modifications can control gene expression and the pattern of 
modifications is altered in many cancers [3].  Increased metal levels in organism are associated 
with altered expression of nuclear factors like NF-kB, activator protein-1 (AP-1), nuclear factor 
of activated T-cells (NFAT) and the tumor suppressor protein p53 [4]. Alterations of these 
nuclear factors result in dysregulation of cell proliferation, apoptosis and cell cycle progression, 
which ultimately leads to cancer [5].  
 
Materials&Methods 
 

Environmental pollution with various forms of Cr results from its numerous uses in the 
chemical industry, production of dyes, wood preservation, leather tanning, chrome plating, 
manufacturing of various alloys, and many other applications and products [6]. Due to the 
common usability of chromium and its toxicity, there is a great interest in determination of this 
element in food, beverage and biological matrices [7-11].  Hexavalent chromium compounds are 
well established human respiratory carcinogens and have also been shown to elevate other types 
of human cancers [12]. Hexavalent chromium, Cr(VI), is one of the few carcinogenic metals that 
can directly react with DNA, and induce mutations [13]. Chromium (VI) primarily exists as a 
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chromate anion (CrO4
-2) under most physiological conditions. It resembles a sulphate (SO4

-2) 
(Fig. 1) and phosphate (PO4

-3) and is actively transported into all cells of the body by the 
oxyanion transporters [14]. Upon entry, Cr(VI) is reduced by cellular reductants such as GSH, 
ascorbate, and NADPH, to its lower oxidation states [15]. Reduction of Cr(VI) to lower oxidation 
states such as Cr(III) is mediated primarily by binding to low molecular weight thiols including 
GSH, antioxidants such as ascorbate and macromolecules such as proteins. This reduction can 
lead to binary [Cr(III)-ligand] and ternary [ligand-Cr(III)–ligand] complexes [e.g. GSH-Cr(III)-
GSH]. Reduction of Cr(VI) can also lead to the formation of less stable intermediates such as 
Cr(V) and Cr(IV), as well as thiol radicals [16]. Noncellular in vitro studies indicate that Cr(VI) 
does not bind directly to DNA, whereas Cr(III) can bind directly to DNA [17]. These 
intermediate states of Cr are reactive and participated in the production of ROS, thereby causing 
several types of oxidative DNA damage, such as base modification, single-strand breaks, DNA–
DNA inter-strand crosslinks, DNA–protein crosslinks, chromium-DNA adducts, and oxidative 
nucleotide changes, as well as chromosomal aberrations and lipid peroxidation [18]. These 
findings indicate that the key process involved in Cr-mediated carcinogenicity is the reduction 
of Cr(VI) to Cr(V), Cr(IV) and Cr(III) by cellular reductants.  

The term genotoxicity is broadly used to describe genetic damage that can arise from 
both mutagenic and nonmutagenic processes. As similar to nickel, chromium also appears to 
have epigenetic effects. Cr(VI) is reported to induce epigenetic changes including microRNA, 
histone modification and DNA methylation in cells. Hexavalent chromium exposure can also 
decrease gene expression via post-translational histone modifications. Expression of genes 
involved in cell proliferation and apoptosis were also changed. On the other hand, Cr(III) is 
likely absorbed via pinocytosis or endocytosis thereby resulting in far less uptake into cells than 
Cr(VI). Cr(III) preferentially binds Cys, His, and negatively charged side chain COOH groups 
in glutation and Asp, all of which are rarely found in close contact with the duplex in DNA-
binding proteins [19]. However, Cr(III) is considered to be noncarcinogenic cells because it 
doesn’t pass into cell while Cr(VI) entry to cell by way of anion transporter and is reduced to 
Cr(III), (IV) and (V) by cellular reductants and finally, it attacks to DNA.  
 

 

Figure 1. Structures of sulfate and chromate 

 

 

Results and Discussion 

 

Public health concerns are centered on the presence of hexavalent Cr that is classified 

as a known human carcinogen via inhalation. On the other hand, information about the 

carcinogenicity of ingested Cr(VI) is much more limited. The epidemiologic evidence for the 

oral route of hexavalent chromium exposure is not considered strong [14]. Further, extensive 

evidence of the carcinogenicity of hexavalent chromium in animals via ingestion does not exist. 

Taken together the studies on this subject, the considerations do not provide a basis for the 

characterization of hexavalent chromium as “carcinogenic to humans” via oral exposure 

because the “carcinogenic to humans” descriptor indicates strong evidence of human 

carcinogenicity [20]. Therefore, U.S. Environmental Protection Agency (USEPA) concluded 

that, based on the available information, the descriptor “likely to be carcinogenic to humans” is 
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the most appropriate descriptor for the carcinogenic potential of hexavalent chromium via 

ingestion [20]. Defence mechanisms against free radical-induced oxidative stress involve: (i) 

preventative mechanisms, (ii) repair mechanisms, (iii) physical defences, and (iv) antioxidant 

defences. It is known that there are various antioxidant defense mechanisms in the organism 

against ROS. These are numerous enzymatic (catalase (CAT), superoxide dismutase (SOD), 

glutathione reductase, glutathione peroxidase (GPx)), small antioxidant molecules (uric acid, 

glutathione, albumin, protein –SH groups, bilirubin) and certain vitamins (ascorbic acid 

(Vitamin C) and α-tocopherol (Vitamin E)) as well as carotenoids and flavonoids which have 

the capacity to neutralize free radicals acting all together. Under normal conditions, there is a 

balance between both the ROS activities and the intracellular levels of these antioxidants. This 

balance is essential for the survival of organisms and their health. Uptake of higher toxic metals 

disrupt this balance and cause to unwanted chain reactions. OH• as the most reactive ROS is 

capable for the oxidation of a variety of biomolecules, such as enzymes, proteins, DNA and 

lipids [21]. Accumulation of free radicals from ROS results in cell death via abnormal gene 

expression and lesions of cellular components including DNA, lipids, and proteins. Inhibition 

of DNA repair and DNA crosslinking with proteins via ROS generation is a major result of 

heavy metal-induced carcinogenesis. 

 

Conclusion 

The multiple industrial, domestic, agricultural, medical and technological applications 

have led to the wide distribution of toxic elements including arsenic, cadmium, lead, nickel and 

chromium in the environment. Due to strong affinity of metal cations (Mn+) for sulfur found in 

proteins including enzymes, metals can deactivate the enzyme and stops or alters metabolic 

processes. Among them, Cr(III) is considered to be noncarcinogenic cells because it doesn’t 

pass into cell while Cr(VI) entry to cell by way of anion transporter and is reduced to Cr(III), 

(IV) and (V) by cellular reductants and finally, attacks to DNA. Briefly, the IARC (1997) has 

concluded that there is sufficient evidence in experimental animals for the carcinogenicity of 

the following chromium (VI) compounds: calcium chromate, zinc chromates, strontium 

chromate and lead chromates and that the evidence is limited for chromic acid and sodium 

dichromate [22]. The IARC (1997) has also concluded that the evidence for carcinogenicity of 

barium chromate and chromium (III) compounds is inadequate [22]. Cr(VI) poisoning is mainly 

associated with apoptosis, oxidative stress, and DNA damage response in addition to genomic 

interactions [23]. Thus, the food and beverages consumed by human should be examined for 

these priority toxic elements [24]. 

 

References: 

 

1. Chervona Y, Costa M. Free Radical Biol Med (2012) 53 5 1041-1047. 

2. Mulware SJ. Biotech (2013) 3 85–96. 

3. Arita A, Costa M. Metallomics (2009) 1 222–228. 

4. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Free Radic Biol Med (2010) 49 11 1603–

1616. 

5. Elmore S. Toxicol Pathol (2007) 35: 495–516. 

6. Welling R, Beaumont JJ, Petersen SJ, et al. Occup Environ Med (2015) 72 151–159. 

7. Yaman M, Yaman IH. Spectrosc Spectral Anal (2014) 34 2 300-307. 

8. Yaman M, Karaaslan NM, Yaman IH. Bull Environ Contam Toxicol (2014) 93 3 344-349. 

9. Yaman M, Bal T, Yaman IH. Food Add Contam: Part B (2013) 6 4 301-306. 

10. Yaman M. Revue Roumaine De Chimie (2003) 48 8 597-600. 

11. Yaman B, Yaman M. J Elem (2016) 22(3): DOI:10.5601/jelem.2016.21.2.1117  

12.  Costa M, Klein CB. Crit Rev Toxicol. (2006) 36 155–163. 

13. Chervona Y, Arita A, Costa M. Metallomics (2012) 4 7 619–627. 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

66 

 

14. Zhitkovich A. Chem Res Toxicol (2011) 24 1617–1629. 

15.  Lee JC, Son YO, et al. Free Radical Biol Med (2012) 53 742–757. 

16. O’Brien TJ, Ceryak S, Patierno SR. Mutat Res-Fundam Mol Mech Mutag (2003) 533 1-2 3-36. 

17.  Thompson CM, Proctor DM, Suh M, et al. Crit Rev Toxicol (2013) 43 3 244–274. 

18. Ding M, Shi X. Mol Cell Biochem (2002) 234–235 293–300. 

19. Macfie A, Hagan E, Zhitkovich A. Chem Res Toxicol (2010) 23 341–347. 

20. EPA 2010, U.S. Environmental Protection Agency Washington, DC, EPA/635/R-10/004A. 

21. Valko M, Leibfritz D, Moncol J, et al. Inter J Biochem Cell Biol (2007) 39 44–84. 

22.  IARC, 1997. International Agency for the Research on Cancer (IARC). Chromium, nickel and 

welding. Vol 49. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. IARC. 

1997; Lyon. 

23. Sasso AF, Schlosser PM. Toxicol Appl Pharmacol (2015) 287(3) 293-298. 

24. Khlifi R, Olmedo P, Gil F, et al. Sci Total Environ (2013) 452 58-67 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

67 

 

OP-37 

Monolithic Nano-Liquid Chromatography: Principles and Applications In 

Sample Analysis 

Cemil Aydoğan 

Department of Food Engineering, Bingöl University, Bingöl-Turkey 

E-mail: caydogan@bingol.edu.tr 

 

Abstract 

Miniaturization in bioanalytical separation science progressed significantly. Herein, we 

report that the introduction of  the general principle of monolithic nano-liquid chromatography. 

In addition, some selected applications dealing with various sample analysis will be illustrated, 

along with specific examples. 

Key words: Nano-LC, monolith, proteomics, nanoparticles, chiral separation 

Introductıon 

Microscale bioseparations in miniaturization chromatographic systems such as nano 

liquid chromatography (Nano-LC)  have been one of the present trends in the separation science 

and technology. This system has been applied to the analyses of a wide number of biomolecules. 

As a one of new separation systems in separation science, Nano-LC offers to some advantages 

over conventional liquid chromatography such as low sample requirement, use of small amount 

of reagent, good efficiency, short analysis time, especially flow rate adjustment with flow 

splitter. In general, capillary columns (id between 10 and 100 µm) used in Nano-LC are either 

of fused silica or peek material currently employed in HPLC. Nano-LC applications are 

performed in packed, open tubular and monolithic capillary columns. The most common of 

them is monolithic columns. In this work, as an alternative approach for liquid chromatography 

based-monolithic stationary phases, the preparation and various sample application of HPMA-

Cl based monolithic stationary phases by Nano-LC will be demonstrated.  

Materıals&Methods 

Nano-LC experiments were performed on Ultimate 3000 Chromatography System with 

nano flow (Dionex Technologies, Munich, Germany). The system includes four parts with the 

following components (i) ultimate 3000 pump, (ii) ultimate 3000 flow manager with flow 

splitter, (iii) ultimate 3000 Autosampler, (iv) ultimate 3000 RS variable wavelength dedector. 

An Ultimate 3000 Chromatography System with ultimate 3000 pump (Dionex Technologies, 

Munich, Germany) was used for functionalization steps. The polyimide-coated fused-silica 

capillaries (id: 100µm, od: 360µm) were obtained from Polymicro Technologies (Phoenix AZ, 

USA). Ethylene dimethacrylate (EDMA, 99%), 3-chloro-2-hydroxypropyl methacrylate 

(HPMA-Cl, 99%), were purchased from Sigma-Aldrich Chemical (Milwaukee, WI, USA). 

Results&Discussion 

In Nano-LC, the incorporation of HPMA-Cl led to significant changes in solute 

retention and selectivity. In one approach, the monolithic columns were modified with well 

defined retentive ligands such as dodecylamine, boronic acid and that resulted in improving the 
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separation of standard proteins, small solutes such as alkylbenznes. In a second approach, 

fumed silica nanoparticles constituted entirely the monolithic stationary phase resposible for 

solute retention and separation. The fumed silica nanoparticle (FSNPs) incorporated large 

surface area monoliths (see Fig. 1)  proved useful in Nano-LC separations a wide range of small 

solutes including enantiomers.  

 

Fig.1. SEM photographs of FSNPs-Incorporated Capillary Monolithic Column with (A) Magnification 

2000x; (B) 5000x. 

With FSNPs, nonpolar and hydrophobic/affinity interactions were responsible for solute 

retention. Concerning Nano-LC with FSNPs based monoliths, the presence of FSNPs allowed 

many samples to separate  to a greater extent than in the absence of FSNPs thus proving the 

superiority monolithic Nano-LC. 

Conclusions 

Monolithic Nano-LC based separation media are very promising for the separation of a 

wide range of compounds providing unique selectivity and high resolving power. The FSNPs 

may be used in the preparation of other Nano-LC based stationary phases such as chiral or ion- 

exchange and consequently broadening the usefulness of FSNPs in separation science.  
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Method Development and Determination of Imidazolinone Herbicides in 

Sunflower and Soils by GC-MS 
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At the present time, the number of macro and micro live pests that are damaging to 

agricultural products is about the approximate 65000 to 70000. Thereof the harms result are the 

loss of obtained product between 15% to 30%. The use of pesticides which is one of the 

essential inputs in modern agriculture brings with the disadvantages and the advantages in terms 

of human health and environmental pollution. Imidazolinones represent a relatively new class 

of herbicides that can be used either pre- or post-emergence for the control of a wide range of 

weeds in broadleaf and cereal crops, and in non-crop situations. In addition, the imidazolinone 

herbicides are used with imidazolinone tolerant crops (Clearfield® crops, for sunflower in the 

USA, Argentina and Turkey in 2003) [Tan et al., 2005]. Briefly, because of in modern crop 

protection compounds, the imidazolinone group herbicides is only used in agriculture. 

Imazamox, imazaquin, imazethapyr, imazapic and imazapyr  are a representative member of 

the imidazolinone-family herbicides.  

The aim of this study was to investigate the level of imidazolinone group herbicides 

(imazamox, imazaquin, imazethapyr, imazapic and imazapyr) in the Thrace Region, Turkey. 

Especially, imazamox which used as a herbicide in the production of sunflowers in the Thrace 

Region were intended to determine of residue levels in soil, different parts of plant and seed. 

Five herbicides were identified in sunflower samples using both solid-liquid extraction and 

results were determined by gas chromatography-mass spectrometry-single quadrupole 

instruments and EI ionization in the SIM mode (GC-MS-EI). The optimized conditions were 

found to be 1 ml per min−1 flow rate in the mobile phase, 3 μl for injection volume using PTV 

solvent vent mode. Overall recoveries from sunflower plant and soil were high 45–98% for 

imazamox, 71–105% for imazaquin, 25-96% imazethapyr, 53-92% imazapyr and 40–83% for 

imazapic, respectively. 

 
Keywords: Imidazoline Herbicides (Imazamox, Imazaquin, Imazethapyr, Imazapic, Imazapyr); GC-

MS; Extraction; Sunflower; Soil. 
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SERS Based-rapid Detection Strategies of Group-A Beta-Hemolytic 
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In food industry, environmental tests and in clinical diagnostics, the rapid detection of 

bacteria has great importance due to their serious medical conditions. Bacterial infection or 

contimination can be the reasons of death. There are several methods that are developed to 

detect bacteria however the fast and accurate detection of pathogens has still some challenges. 

Group A beta-hemolytic Streptococcus pygogenes is the main cause of acute pharyngitis1 and 

patients are tested by either a throat culture or a rapid antigen detection2. However, it takes 24-

48 hours to obtain results and if there is any negative test results, there is a verification needed3. 

In this study, we have developed a new method to detect group A beta-hemolytic Streptococcus 

using modified gold nanoparticles. Antibody modified Fe3O4@Au nanoparticles are employed 

for capture probe of bacteria and antibody modified gold nanorod particles are used for Raman 

labeling of bacteria. After interacting between the capture probe with solutions of Streptococcus 

having different initial cell concentrations (15-1x108 cfu/mL), SERS measurements are taken. 

Measured intense Raman peaks are used for quantitative detection of Streptococcus by using 

plotted calibration curve. Total detection time was around 1 hour which shows big advantage 

of this method compared with plate counting classical methods. This method is optimized as a 

fundamental for paper-based lateral flow immunoassay (LFIA). LFIA kits are prepared using 

different membranes and the presence of Streptococcus is tested by color change and SERS 

signal on the test line. The detection of Streptococcus by a paper-based test kit has been 

performed for the first time and it enables accurate and fast results.  

 
Keywords: SERS Detection, Group A beta-Hemolytic Streptococcus, Lateral Flow Immunoassay, 

Nanoparticles 
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The Effect of Ethionine Protonation on the Kinetics and the Mechanism of 
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Electroreduction of metal ions in aqueous solutions is highly dependent not only on the 

type and concentration of the supporting electrolyte, but also on the presence of the trace 

amounts of organic substances. Organic substances may inhibit, accelerate the electrode process 

or may not affect its course. The Bi(III) ion hydrolysis limits the pH range that allows 

investigating the electroreduction of these ions [1]. It was found that a change in the chloric 

(VII) acid/sodium chlorate (VII) ratio in the basic electrolyte, affects the structure of both the 

bismuth aqua ion and the molecule of the selected amino acid, and, consequently, the course of 

the electrode process. 

Ethionine, which is an ethyl analogue of methionine, has a very destructive influence 

on the livers of living organisms and disrupts the activity of many enzymes. It is a strongly 

carcinogenic metabolite contributing to the development of most types of human cancer [2]. 

Ethionine, according to the cap-pair rule, catalyses the process of Bi(III) ion electroreduction. 

The applied electrochemical methods, such as DC polarography, SWV voltammetry and cyclic 

voltammetry (CV), as well as Electrochemical Impedance Spectroscopy, allowed us to 

determine kinetic parameters, indicating the extent of the catalytic effect of ethionine.  

It was concluded that the presence of ethionine and the protonation of the catalysing 

substance have effects on the rate of the multi-step process of Bi (III) electroreduction in 

chlorates (VII). The mechanism of the catalytic effects of ethionine is associated with the 

formation of active Bi – ethionine complexes under specific conditions present on the electrode 

surface, when the Bi(III) ion hydration zone becomes partially degraded, and thus in the close 

proximity to the outer Helmholtz plane [3]. The catalytic activity of ethionine increases with 

increasing amounts of NaClO4 in the basic electrolyte solution. Increased amounts of HClO4 in 

chlorate (VII) solutions causes the decrease rate of the Bi (III) ion electroreduction process in 

the presence of ethionine. This confirms the assumption on the variety of active complexes 

mediating the passage of electrons. Probably, the arrangement of the adsorbed ethionine on the 

surface of the mercury electrode, due to a change in the degree of ethionine protonation in basic 

electrolyte solutions, plays a significant role in the formation of active Bi – ethionine 

complexes, which are the substrate in the process of electroreduction.   

 
Keywords: Bi (III) Electroreduction, Ethionine, Catalytic Activity, Analytical Chemistry, 

Electrochemistry 
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Use of Chemometric Approach for a Case Study on Western Turkish Olive 

Oil Assessed from Adulteration to Authentication  
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Nowadays, addressing, classification, and geographical origin of olive oils are of great 

importance due to their variances in quality, and commercial concerns [1,2]. Quantification of 

sterols, fatty acids, triacylglycerol, trace elements contents and stable carbon isotope ratios 

composition of forty-nine virgin olive oils (VOOs) of six different regions of western part of 

Turkey (i.e. İzmir, Manisa, Aydın, Muğla, Bursa, and Edremit Bay) were performed through 

chromatographic methods. Variation among the trace elements within the olive oils were 

believed to be another important avenue were determined, employing an inductively coupled 

plasma mass spectrometry (ICP-MS). Prior to use of microwave-assisted digestion method, 

stable carbon isotope ratio profile of olive oil samples from different geographical locations 

were determined by elemental analyser isotope ratio mass spectrometry (EA-IRMS), 

quantification of sterol composition and fatty acid methyl esters (FAME) were determined by 

using gas chromatography (GC-FID) and determination of triacylglycerol was carried out using 

high performance liquid chromatography (HPLC) [3,4]. Selected data for above olive oil 

samples were compiled, and classified by statistical methods such as principal components 

analysis (PCA), and hierarchical cluster analysis (HCA) which were used to evaluate in respect 

to demonstrate whether significant differences might occur on the basis of principal 

constituents. As the results showed that incorporation of different types of analytical 

determination techniques improved ability of analysis to attempt for differentiation of 

geographical origin of Turkish virgin olive oils, hence, there is a remarkable potential for the 

adulteration of olive oils according to the quantitative data of FAME and TAG parameters. As 

a result, the data on parameters such as sterol, trace elements and stable carbon isotope ratios 

could be unequivocally employ to identify for authentication. Score Plot of PCA and 

dendrogram of HCA was shown in Figure 1. 
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Figure 1. Score Plot of PCA and Dendrogram of HCA. 

Keywords: Stable Carbon Isotope Ratios, Trace Elements, Sterol, FAME, TAG, PCA, HCA 
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Chemometric Approach for the Optimization of Controlled Released 

Tablets with Respect to Reference Product 
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Medicines are usually delivered by different routes in to the human body. Among them, 

the oral route is by far the most favored way. The most common formulations are solid forms 

(tablets, capsules and powders). However, disadvantages linked to the administration by 

conventional dosage forms result not only from the brief duration of activity of medicines and 

the necessity of repeated intakes but also from the lack of tissular specificity of many 

pharmacological agents. It is, therefore, interesting to develop new pharmaceutical forms as 

controlled release (CR) systems. These systems are intended to dispatch or release active drugs 

at a constant rate directly into the pharmacologically active site. Thus it makes the patient 

compliance easier (Diarra et al., 2003). 

Developing and optimizing a formulation of extended release (ER) tablet is a complex 

procedure that requires simultaneous determination of several factors. The traditional approach 

entails studying the influence of the corresponding factors by Changing One Single (or 

Separate) factor at a Time (COST), whilst keeping the others constant (Barmpalexis et al., 

2009). 

In this pharmaceutical development study, the optimum ratio of all ingredients in a 

compressed tablet is therefore, aimed to estimate through a chemometrical approach. The 

production of controlled released tablet was received great attention since the rate of dissolution 

of active substance within the body may cause some acute toxicity or even death. Due to the 

this fact that production of the wet granulated and compressed tablets with optimum 

concentration levels for each component and active ingredients were targeted during this project 

to avoid some non-compliance for patients. Three experimental parameters (amount of HPMC 

K100 M CR, Lactose Monohydrate and Avicel PH 102) to optimize formulation of Niacin 500 

mg ER Tablet-Capsule were intended to study using the Fractional Factorial Design 

Methodology. In all experiments, the amounts of the API (Niacin) and stearic acid were kept 

constant. According to dissolution profile results it is possible to observe that there was a greater 

f2 value (f2: 80 and f2: 94) when HPMC K100 M CR amount was at the upper level. When 

HPMC K100 M CR and Lactose Monohydrate amounts were at the upper level the highest f2 

value was obtained. As a result, the main factor effecting to the rate of dissolution was HPMC 

amount as extended release agent. 

 
Keywords: Niacin, Controlled Release, Wet Granulation 
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Comparison of Residential VOC Exposure in Different Towns of 

Çanakkale, Turkey  
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Volatile Organic Compounds (VOCs) are including variety of compounds with different 

functional groups, such as aliphatics, aromatics, and carbonyls. Among them, some compounds 

are classified as carcinogenic (e.g. benzene) or probable carcinogen due to their adverse health 

effects. Indoor VOC levels were measured in homes (n = 6) of three different towns (i.e. rural, 

urban, and industrial) in Canakkale, Turkey. All indoor environments were selected randomly 

among the volunteer participants of a previous health survey of Canakkale HealthAir Study. 

Indoor VOC samples were collected once a month from the sampling sites by passive sampling 

pirinciple throughout a year. VOC samples were collected on to Tenax TA-Carbograph1TD 

sorbent tubes and analyzed by Thermal Desorber-Gas Chromatography-Flame Ionization 

Detector. Concentrations of Benzene Toluene, and Xylenes in the passive samples were 

estimated according to the uptake rates given in ISO standard (ISO, 2003) for the sorbents used 

in this study. Total volatile organic compounds (TVOC) concentrations were quantified as 

toluene-equivalent. The highest levels of TVOC, benzene, toluene, and xylenes occurred in 

industrial, rural, and urban sites, in a descending order. Annual average TVOC levels were 

found to be higher than 100 µg/m3, while it was as high as 1000 µg/m3 in half of the sampling 

sites. Benzene levels did not exceed the limit value of 2008/50/EC, 5 µg/m3, in none of the 

sampling sites. In general, the highest levels for all air pollutants were found in sampling station 

5, which was located at an industrial area. Thanks to the one-year round passive sampling of 

VOCs in this study, it was possible to estimate human exposure accurately in residential 

environments than grab sampling, taken at any time. 

 
Figure 1. Annual average concentrations of TVOC, benzene, toluene, and xylenes at the 

sampling sites    

 
Keywords: Indoor Air Pollution Exposure, Passive Sampling, Residential Air Quality, Volatile Organic 

Compounds. 
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Enhancing Electrochromic Performance of 2,5-di-(2-thienyl)-1H-pyrrole 

(SNS) Derivative via Schiff Base Metal Complexes Approach 
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2,5-di-(2-thienyl)-1H-pyrrole (SNS) derivatives are suitable to use in electrochromic materials 

due to their easy color tunability, a high contrast ability and a fast response time [1]. On the other hand, 

the Schiff base polymers containing imine (–CH=N–) moiety incorporated of nitrogen atoms into the 

conjugated system have another approach to form classes of materials with interesting electronic and 

optical properties [2]. Coordinating to various metal ion moieties on Schiff base derivatives, the 

materials have key roles both in biology as intermediates of many enzymatic reactions, and applications 

in chemistry, such as in asymmetric catalysis [3]. 

 

  

  
 

In this work, we synthesized a 2,5-dithienyl-1H-pyrrole based monomer containing imine 

subunit (AB53) and then its Cu+2 complex was prepared from the Schiff base derivative. Afterward, 

AB53 and its Cu+2metal complexes directly polymerized on to ITO/glass surface via electrochemical 

process. The 50 nm bathochromic shift was observed in the neutral state UV-vis absorption 
spectrum after attaching the Cu+2 metal ion on the polymer structure. The results clearly 

show that the metal complexes approach has been improved the electrochromic performance of the 

AB53 as electrochromic Schiff base polymer. AB54 coordinating the Cu ion displays a high contrast 

ratio (∆T% = 57% at 950 nm), a response time of about 1 s, high coloration efficiency (316 cm2 C–1) 

and retained its performance by 97.1% even after 5000 cycles.  
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OP-45 

Application of Paracetamol Derived Silver Nanoparticles in Reduction of 

Organic Dyes 
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Chemical reduction process was used for the synthesis of silver nanoparticles. In this 

method paracetamol was used as a capping source without any stabilizing agent. Atomic Force 

Microscopy (AFM) confirmed that the synthesized nanoparticles have an average size of 15±2 

nm. Interaction of drug with nanoparticles was determined by Fourier transform infrared (FT-

IR) Spectroscopy. While X-ray Diffractometry (XRD) showed that the synthesized 

nanoparticles have crystalline nature, face centered cubic (fcc) geometry and plane orientation 

with miller indices (111). The controlled shaped silver nanoparticles (Ag NPs) were applied for 

extremely-fast heterogeneous catalytic reduction of different dyes. The reduction of Eosin B 

was carriedout within 4 minutes and followed first order rate kinetics having R2 value 

0.999.Similarly each paracetamol capped silver nanoparticles (para-Ag NPs) exhibited fast 

catalytic activity for the reduction of Methylene Blue (MB), Rose Bengal (RB) and Methyl 

Orange (MO) dyes individually as well as unanimously.The applied nanoparticles were easily 

recovered and recycled frequently with constant reduction efficiency. Reduction study of dyes 

follow first order rate kinetics when a graph is plotted between log(C/CO) versus time (S). 

 

Keywords: Chemical Reduction, Paracetamol Derived AgNPs, Kinetics, Catalytic Activity. 
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P1-01 

Effects of Solvents, Salts and Sorbents Used to Analysis of Pesticide 

Residues in Milk by  

Dispersive Solid Phase Extraction & LC-MS/MS Method  
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The aim of this study is to determine the effects of extraction conditions and clean up 

procedures to analyze the pesticide residues for milk by using LC-MS/MS. The 

chromatographic analysis was performed by using a mobile phase A of water: methanol with 

0.5mM ammonium   formate (95:5, v/v %) and mobile phase B of 100% methanol with 0.5mM 

ammonium   formate with a Leapsil C18 column (2.7µm, 50x2.1 mm). A dispersive solid phase 

method was applied for the extraction and clean-up of pesticide analysis using a mixture of 

diatomaceous and C18. For this, different solutions such as acetonitrile (ACN) with 1.0% of 

formic acid (FA); acetonitrile with 1.0% of  FA / tetrahydrofuran (THF) (75:25, v/v); ACN with 

1.0 % of FA / THF (50:50, v/v); ACN with 1.0%of FA / THF (90:10, v/v); ACN / THF (75:25, 

v/v) and ACN were used and extraction  efficiencies were confirmed. The best results were 

obtained from extraction of ACN with 1% of formic acid. Different salt types such as Na2SO4, 

MgSO4 and NaCl were chosen as an extraction salts and extraction efficiencies were confirmed. 

However, different sorbent types such as PSA, diatomaceous and C18 have been researched 

and the main effects of these were established by using Minitab 17 software. According to the 

results, the developed method was applied for the analysis of multiclass pesticide residues in 

milk. 
 

Keywords: Pesticides, LC-MS/MS, Dispersive SPE, Milk 
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P1-03 

Development of an Analytical Method for the Determination of Valsartan 

in Commercial Drug and Sewage Sludge Samples by HPLC, and 

Evaluation of its Stability under Simulated Gastric System 

Hakan SerbestA, Sezgin BakirdereB, Seyfullah KeyfA* 
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Angiotensin antagonists have been playing a major role in hypertension management 

for many years. Valsartan as a member of the angiotensin II type I receptor antagonists class is 

an effective, highly selective and orally active hypertensive drug. It is known that this active 

compound reduces blood pressure by blocking the angiotensin II type I receptor, thereby 

widening the blood vessels and restoring a normal blood flow rate (1,2). Hence, studies 

regarding the valsartan and its sensitive determination are of interest for many scientists. In this 

study, an analytical method was developed for determination of valsartan in commercial drug 

and sewage sludge samples by HPLC-UV using a single wavelength (250 nm). Under the 

optimum conditions, calibration plot was linear over a wide concentration range with a 

correlation coefficient of 0.9989. The limit of detection (LOD) and limit of quantitation (LOQ) 

were found to be 0.014 and 0.046 µg mL-1, respectively. In addition, recovery experiment was 

performed to figure out the effectiveness of the developed method for the determination of 

valsartan in sewage sludge samples. The percentage recovery of valsartan from sewage sludge 

was found to be 99.8%. The effect of different environmental storage conditions on the stability 

of valsartan was examined for a period of 85 days, after which no degradation was observed. 

The post oral administration stability of the valsartan was also investigated by simulating gastric 

conditions for valsartan as active ingredient of many drugs. Results showed that the structure 

of valsartan was conserved over 3.5 hour period. 

Keywords: Extraction, HPLC, Gastric Condition, Valsartan 
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Determination of Regional Intestinal Permeability of Valgancyclovir and 

Metoprolol Using a Newly-Developed and Validated High Performance 

Liquid Chromatographic Method 
 

Senem ŞanlıA, Nurullah ŞanlıB Mustafa Sinan KaynakC 

  
A Department of Chemistry, Faculty of Science and Arts, Uşak University, Uşak, 64100, TURKEY 

BDepartment of Food Engineering, Faculty of Engineering, Uşak University, Uşak, 64100, TURKEY 
Cİnönü University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Malatya, 

TURKEY 

 

*E-mail: senemkamacisanli@gmail.com 

 

Absorption of orally administered drugs could vary at different segment of the small 

intestine such as duodenum, jejunum, and ileum [1,2]. The knowledge of the site of absorption 

of a drug and absorption characteristics in the intestine is especially important for the 

development of modified release formulations [3]. Since the small intestinal transit of drug 

formulations is about 3 - 4 h, significant part of the dose of drug in a modified release product 

can possibly reach the colon. This means that the absorption of the drug which is used for 

modified release formulations has to be classified as high permeability in the entire intestine. It 

is important to understand the absorption characteristics in the entire intestinal tract for BCS 

class II and III drugs, in order to identify and develop strategies for modifiedrelease 

formulations [4]. 

Valganciclovir (VGC,2-[(2-amino-6-oxo-6,9-dihydro-3H-purin-9-yl)methoxy]-3-

hydroxypropyl-(2S)-2-amino-3-methylbutanoate) is an orally administered prodrug of the 

standard anti-cytomegalovirus (CMV) drug ganciclovir.  

The aim of this study was to determine segmental permeability and absorption 

characteristics of valganciclovir using a newly developed and validated reversed-phase liquid 

chromatographic method for the simultaneous determination of valganciclovir, metoprolol 

tartrate and phenol red in intestinal perfusion samples. In these studies, metoprolol tartarate was 

used as a reference standard to compare the permeability coefficient of diclofenac. Phenol red 

was used as a zero permeability marker for correction of permeability coefficient for water 

transport [2]. 
 

 

 

Keywords: Valganciclovir, Metoprolol Tartrate, Aegmental Permeability, Intestinal Absorption,  
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Development and Validation of an HPLC Method for Determination of the 

Eplerenon in Rat Plasma  
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Eplerenone (EP) is an antihypertensive agent in the pharmacological group of selective 

aldosterone receptor antagonists (SARAs). The chemical structure of EP, pregn-4-ene-7,21-

dicarboxylic acid, 9,11 –epoxy-17-hydroxy-3-oxo, γ-lactone methyl ester (7α, 11α, 17α) which 

is very similar to the spironolactone. EP is slightly soluble in water and its solubility is 

independent from pH [1, 2].  

In the terms of biopharmaceutics, low water soluble active agents could not offer an 

effective therapy for the patients. To overcome bioavalibity problems related to low solubility 

of drugs, there are some alternative ways like chemical and polymorphic modifications of drugs 

or designing appropriate pharmaceutical dosage forms. Designing novel dosage forms of low 

water soluble drugs is smart way to achieve an effective treatment.  

To provide an effective treatment, colloidal drug carrier systems of EP were prepared 

in this study. Loading capacity and encapsulation efficiency of these carriers and in vitro drug 

release profiles and in vivo evaluation of formulations were highly depend on a reliable 

quantitative analytical method.  

There are a few methods for the quantitative determination of EP [3-7]. These methods 

mostly include expensive instruments such as LC – MS, but one exception using high 

performance liquid chromatography (HPLC) with UV detection was found [7]. Whereas, to 

assess in vivo performance of EP formulations in rats, the method was not sufficient to provide 

specificity. Thus, a new specific method for EP detection was needed by using the simple 

extraction (liquid – liquid extraction) and detection (HPLC – UV) techniques. 

To achieve a specific and simple quantification of EP in the rat plasma, a HPLC method 

with UV detection (241 nm) was developed and validated. To provide a calibration curve, EP 

spiked rat plasma samples were prepared. Then, spiked plasma was extracted with a 

dichloromethane and diethyl ether mixture (4:6). A C–18 column (50 mm x 4,6 mm, 2,7 µm) 

was used for HPLC analysis. A mobile phase consisting acetonitrile:water (20:80, v/v) was 

applied at a flow rate of 1mL/min. The calibration curve was linear in the range of 50 – 5000 

ng/mL.  
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P1-06 

Determination of Neurotransmitters in Cerebrospinal Fluid Samples by 

Using HPLC-FLD: Calculation of Uncertainty Budget 
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Neurotransmitters are the primary chemical messengers that are synthesized in a neuron 

and released from synapes1. Determination of neurotransmitters need continous measurement 

and microdialysis sampling technique is a good technique for that purpose2. However, the 

concentration of the neurotransmitters in the extracellular space is very low3 and microdialysis 

samples have also very small volumes. On the other hand, fluorescence detection give an 

opportunity for trace level analysis in complex matrices. Because it has higher sensitivity and 

selectivity. Therefore, a modified method was validated for the determination of well-known 

neurotransmitters like seratonin, noradrenalin and gamma- aminobutyric acid (GABA), 

glutamate and melatonin hormone with high performance liquid chromatography-fluorescence 

detection (HPLC-FLD) and uncertainty of the method was calculated. GABA and glutamate 

were determined by using derivatization step. Sensitivity, method detection limit, limit of 

quantification, linearity, recovery, interday and intraday precision values were calculated. Low 

detection limit values were obtained especially for the determination of GABA and glutamate. 

Uncertainty budget was done by using bottom-up approach. The critical stages of the method 

were evaluated. Calibration curves, stock solution and recovery were the critical stages for the 

analysis. The calculated percentage relative uncertainty values for the compounds changed 

between 10.1 and 16.7. 

 
Keywords: Neurotransmitters, Microdialysis, HPLC-FLD, Uncertainty, Method Validation.  
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Simultaneous Determination of Troxerutin and Carbazochrome by High-

Performance Liquid Chromatographic Method 
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Flavonoids, such as troxerutin, are safe and effective agents for the treatment of chronic 

venous insufficiency.The fixed combination between troxerutin  and carbazochrome has a good 

efficacy and safety profile in non-surgical patients with acute uncomplicated hemorrhoids. 

Therefore it is important to develop simultaneous analysis metod of those drug substances. 

In this study, a simple and selective HPLC method was developed for the analysis of 

troxerutin and carbazohrome in tablets . The method was based on separation by using a mobile 

phase (MeOH; %5’lik HAc),(99,5:0,5-V/V) and core-shell Pentafluorophenyl Propyl polar 

column . The mobile phase flow rate was 0.25mL/min. The substances were dedected at 350 

nm. The linearity ranges were found as 1,00-20,00 μg/mL for troxerutin and, 0,05-1,00 μg/mL 

for carbazohrome. The limits of detection and quantification were found to be 0,65 μg/mL and 

1,00 μg/mL for troxerutin and ;0,05 μg/mL and 0,01 μg/mL  for carbazohrome, respectively.  

The proposed method was successfully validated and can be applied for the determination of 

tablets.  
 

Keywords: Trokserutin, Karbazokrom, HPLC, Simultaneous Analysis 
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P1-08 

Determination of Chondroitin Sulfate, Glucosamine and Hyaluronic Acid 

from Supplements for the Treatment of Osteoarthritis by High 

Performance Liquid Chromatography 
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Glycosaminoglyaminoglycan and amino sugar are widely used dietary supplements and 

injectable form for the treatment of osteoarthritis.  Determination of these Polymeric  molecules 

were important for quality control and stability analysis of supplements. 

In this study, high performance liquid chromatography method has been developed for 

determination of chondroitin sulfate, glucosamine and hyaluronic acid. separation of molecules 

by using Phenomenex Polysep GFC-P-5000 coloumn with deionized water based mobile phase.  

UV  detector was set at 205 nm wavelength. The linear range was found 0,0275-0,88 mg/mL 

for chondroitin sulfate, 0,005-0,16 μg/mL for glucosamine and 0,02-0,64 mg/mL for hyaluronic 

acid. The developed method has been validated and successfully applied to preparats . This 

method is simple, reproducible and can be used safely routine analysis. 
 

Keywords: Chondroitin Sulfate, Glucosamine, Hyaluronic Acid, HPLC-UV 
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Determination of Eugenol by HPLC with Electrochemical Detection 

in Some Plants  
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Eugenol consuming in small amount gives the advantage of anti-microbial, anti-

bacterial and anti-fungal properties, additional to this, eugenol antibacterial and antifungal 

activity is very helpful in treating many digestive problems such as diarrhea, gas, bloating, 

ulcers, and candida. Eugenol rich black paper and clove can increase the release of gastric acid, 

which help digest food and kill intestinal bacteria in the stomach. However, exceeding the limit 

of eugenol causes various harmful effects.  Although Eugenol is nominated as SAFE to 

consume at some extent by FDA (Food and Drug Administration) but exceeding the limited 

amount very serious and fatal results can be seen. These limitations of eugenol make its 

quantitative analysis more considerable and of great interests [1, 2].  

 

 

Electrochemical detection for HPLC is an extremely selective and sensitive detection 

technique.  In this study, electrochemical properties of eugenol were observed on a modified 

carbon paste electrode by using cyclic voltammetry and determined the optimum conditions for 

the peak current and then an HPLC with electrochemical detection method was presented for 

the determination of eugenol. A modified carbon paste electrode was used as a working 

electrode. The electro-oxidation reaction mechanism of eugenol at the carbon paste electrode 

was determined. It was found that the oxidation peak current about 0.85 V can be used for 

quantitative determination of eugenol, with an ascetic acid, methanol, and acetonitrile system. 

Eugenol determined under optimum conditions obtained in clove, peppermint, sweet basil, 

cinnamon, black pepper, and bay leaf samples.  
 

Keywords: Eugenol, HPLC, carbon paste electrode 
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Simultaneous Determination of Sildenafil and Tadalafil in Legal, 

Illicit/Counterfeit Drugs and Waste Water Samples by High Performance 

Liquid Chromatography  
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Sildenafil and tadalafil are very popular chemicals which have been widely used to treat 

the male erectile dysfunction (1, 2). They are also used in the treatment of premature infants 

having severe respiratory failure and children with primary and post-surgical pulmonary 

hypertension or severe lung fibrosis (1,3). Hence, sensitive and accurate determination of these 

analytes in variety of matrices are very important. In this study, a sensitive analytical method 

was developed to determine sildenafil and tadalafil in legal, illicit/counterfeit drugs and waste 

water samples. Analytes were separated from each other in six minutes using 50 mM phosphate 

buffer at pH 6.0 and acetonitrile (35:65, v/v) at the flow rate of 1.0 mL/min. Limit of detection 

(LOD)/limit of quantitation (LOQ) values were found to be 28/92 ng/mL for sildenafil citrate 

and 39/129 ng/mL for tadalafil. Validated method was successfully applied to legal and illicit 

erectile dysfunction drugs samples consumed in İstanbul/Turkey and waste water samples. In 

order to calculate the recoveries of analytes from waste water samples, spiking experiment was 

performed and recoveries for sildenafil and tadalafil were calculated as 101.30 ± 3.43 and 

102.68 ± 1.59, respectively.   

 

Keywords: HPLC, Sildenafil, Tadalafil, Drug, Waste water 
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Iloperidone (ILO) is an antipsychotic drug used in the acute treatment of schizophrenia 

in adults1. In this study a new method was developed for determination of ILO in its tablets. 

The developed method was validated according to the ICH guideline2 in terms of linearity, 

precision, accuracy, specificity, stability and robustness.  

An Agilent 1290 Infinity Binary LC system (equipped with a binary pump, a degasser, 

an autosampler and a thermostatted column compartment) was employed for analyses. 

Separation was performed on an Zorbax Eclipse Plus C-18 (4.6 x 100 mm, 3.5 µm particle size) 

column using a mobile phase consisted of phospate buffer (pH:3, 20 mM) and acetonitrile. Flow 

rate was 1 mL/min and column temperature was set at 35 °C. UV detection was performed at 

274 nm and carbamazepine (CBZ) was used as internal standard.  

Retention times of ILO and CBZ were 2.83 and 3.48 minutes respectively and total run 

time of the method was 10 minutes (Figure 1). The method was found to be linear in the 

concentration range of 0.5-100 µg/mL for ILO. Mean equation of the calibration curve was y= 

0.1576x -0.1506 (R2=0.9985) .The intra- and inter-day relative standard deviations were less 

than 3 % and mean recovery was found 102.78 %. All other validation parameters were within 

acceptable limits. The developed method was successfully applied for determination of ILO in 

its tablets. 

 

 
Figure 2. Chromatogram of 4 µg/mL ILO and 5 µg/mL CBZ (as internal standard). 
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 Herein, we developed a facile, sensitive and reliable reversed-phase high performance 

liquid chromatography (RP-HPLC) method for simultaneous determination of abacavir (ABA) 

and lamivudine (LMV) in pharmaceutical dosage form. Chromatographic separations of ABA 

and LMV were successfully achieved on an Agilent Zorbax CN column with an isocratic mobile 

phase composed of a mixture of methanol: ammonium acetate (pH: 4.0; 0.015 M) (55:45, v/v) 

at a flow rate of 1.0 mL min-1. The drugs were analyzed using a photodiode array detector set 

at a wavelength of 275 nm. The RP-HPLC method has been validated as per International 

Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals 

for Human Use guidelines to determine ABA and LMV in pharmaceutical sample. Under 

optimized conditions, RP-HPLC method exhibited the wide linear working regions in the range 

of 0.6-75.0 ppm for ABA and 0.3-75.0 ppm for LMV with the low detection limits of 24.0 ppb 

and 38.0 ppb, respectively. The proposed chromatographic method was successfully applied to 

the quantitative determination of the ABA and LMV in the laboratory-prepared mixtures with 

good recoveries. The fully-validated HPLC method could be promising analytical tool for 

routine simultaneous analysis of ABA and LMV in pharmaceutical or clinical samples. 
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Determination of Itraconazole from Caco-2 Cells Using High-Performance 
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The purpose of this study is to develop an accurate, precise, sensitive and selective 

HPLC method for determination of itraconazole from Caco-2 cells. As itraconazole was 

absorbed from the proximal part of the small intestine, controlled release dosage forms that are 

floating in the stomach were designed to increase the absorption. To investigate the 

permeability behaviour of itraconazole especially in the upper part of small intestine, Caco-2 

cells were used (1). Before the experimental section, apical and basolateral area were submitted 

to Hank’s Buffered Salt Solution (HBSS) (pH 5, 6 and 7.4) media. After 30 minutes of 

preincubation, all the media was removed. Prepared samples were added to the apical (pH 5, 6 

and 7.4) and basolateral parts (pH 7.4), incubated for 2 h at 37C, 50-60 rpm. After 2 h, samples 

were taken from the basolateral section and HPLC analysis of itraconazole were performed 

(2,3). Waters Symmetry C18 (250 x 4.6 mm (id), 5µm) column was used and isocratic elution 

was performed using Acetonitrile: H2O (0.25% Na Acetate) (70:30) mobile phase with a flow 

rate of 1 mL/min. Measurements were done at 260 nm using DAD. Rt value of itraconazole 

was determined as 8.5 min. The slope and interception values of the calibration equation were 

4091.6±0.0098 and -0.465 ±0.0028, respectively. For the accuracy test, three different 

concentrations (15 µg/mL, 75 µg/mL, 250µg/mL) of itraconazole were analyzed and recovery 

% values were determined as 75.92±1.09, 100.46±1.24 ve 99.90±1.15, respectively. LOD and 

LOQ values were 0.456 µg/mL ve 1.383 µg/mL, respectively. Consequently, in the 

permeability studies with both itraconazole powder and ideal formulation, the formulation at 

pH 5, which is the pH of the proximal region, showed the highest (two times of the itraconazole 

powder permeability) permeability value. 

Keywords: Itraconazole, Caco-2 cells, HPLC, Validation 
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What Turkish people and the other people in the world commonly consumed is the black 

tea, which is a favourite drink in the world.  Scientists have carried out a lot of researces about 

the effects of black tea on people's health, such as cancer and blood pressure[1].  However, 

researches show that there can be some toxic and carcinogenic contaminants like pesticide 

residues or polycyclic aromatic hydrocarbons (PAHs) in tea leaves [2]. Especially traditional 

tea is dried by using combustion gases obtained from burning wood, oil or coal and so causing 

tea leaves being contaminated by PAHs [1]. 

When compared with traditional extraction, it is shown that microwave-assisted 

extraction(MAE) uses smaller volumes of solvent and is faster, with having similar or better 

recoveries [3].  We demonstrate the applicability of MAE to extract benzo(a)pyrene (BaP)  from 

tea samples.  

Several extraction solvents, used frequently in the MAE studies, were investigated, 

including hexane/water, hexane/acetone, hexane/acetonitrile, dichloromethane (DCM), 

dichloromethane/acetonitrile. In our trials, the volume of solvent (5-10-15 mL ) used for 

extractions as well as the MAE time (1-2-3-4 min ) were optimized.  

Tea samples were spiked (before being extracted) with  known concentrations of BaP. 

The recoveries of BaP achieved ranged from 46.30±0.75 to 103.83±2.05  %.  

Hexane/acetonitrile was chosen as the extraction solvent due to its high extraction efficiency.  

Approximately 1.0 g of tea was extracted twice by microwave (at the irradiation power of 180 

W) with 10 mL of the selected solvent for 2 min. The extract was filtered and evaporated to 

dryness using a rotary evaporator, and the residue obtained was dissolved in 8 mL acetonitrile 

and transfered for HPLC analysis.  

 
Keywords: Tea, BaP, Microwave-assisted Extraction, HPLC 

 

References: 

1. I. S. Grover, S. Singh, B. Pal. Environ Monit Assess (2013) 185 6291–6294. 

2. L. Drabova, J. Pulkrabova, K. Kalachova, M. Tomaniova, V. Kocourek, J. Hajslova. Talanta 100 

(2012) 207–216. 

3. X. Li, N. Li, H. Luo, L. Lin, Z.  Zou, Y. Jia, Y. Li, J. Agric. Food Chem. ( 2011) 59 5899–5905. 

 

 

 

 

 

 

 

 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

91 

 

P1-15 

Ultrafiltration-Based Extraction and High - Performance Liquid 

Chromatographic Analysis of Ceftriaxone in Human Plasma and 

Perilymph Fluid Samples 
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Ceftriaxone (CEF), a semisynthetic 3rd generation cephalosporin, is effective against a 

wide variety of Gram-positive and Gram-negative bacteria [1]. It is indicated in several 

infectious diseases. The administration of CEF may reduce the incidence of postoperative 

infections in patients undergoing surgical procedures [1, 2]. The usage of CEF in some clinical 

applications on infectious diseases (like labirynthitis) of inner ear and meningitis is known, but 

the concentration of CEF in human plasma and perilymph fluid at the same time has not been 

investigated yet. The developed method in this study is the only reported method up to date for 

determination of CEF in plasma and perilymph fluid and it could be adapted for further clinical 

applications to investigate the concentration of CEF in different subjects. In this study, an 

ultrafiltration-based extraction technique was developed as an alternative to solid phase 

extraction of ceftriaxone prior to HPLC analysis. HPLC analysis was carried out on Nucleosil 

C18 100-3 (125 mm x 4.6 mm, 5 m i.d.) column with a mixture of methanol:citrate buffer     

(30 mM, pH 3.0) (25:75, v/v) as the mobile phase using isocratic elution. The flow rate was             

1.0 mL min-1, injection volume was 20 μL, and UV detection was performed at 270 nm. The 

plasma and perilymph fluids of sensorineural hearing loss patients intravenously administered 

CEF were taken [3]. The developed ultrafiltration-based extraction technique was applied for 

determination of CEF in human plasma. Perilymph fluids, direct injected without any sample 

pretreatment, were analyzed. The extracted human plasma samples and perilymph fluids were 

analysed by HPLC. CEF level in human plasma samples and perilymph fluids were compared 

within each other. 

 

Keywords: Ceftriaxone, Plasma, Perilymph Fluid, Clinical Application, HPLC. 
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Development of a High-Performance Liquid Chromatography Method 

Based on a Core–Shell Column Approach for the Determination of 

Clotrimazole 
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Clotrimazole (CLO, Fig. 1), 1-[(2-chlorophenyl)diphenylmethyl]-1H-imidazole, is 

relatively non-toxic synthetic imidazole derivative with broad-spectrum of antimicrobial 

activity, first described in 1969. It is a well-established drug used in dermatology and 

gynaecology, available in the form of tablet, cream and solution formulations. Ointments 

containing CLO are widely used for the treatment of various systemic mycoses including 

candidiasis; the compound is highly effective, but can cause liver enzyme changes [1]. 

 

 
 

Figure1: Clotrimazole 

 

Reversed-phase liquid chromatography (RPLC) is a essential analytical technique used 

in pharmaceutical analysis. The traditional packed columns still dominate the market, but in the 

last decade columns packed with sub-2 μm particles columns, short columns packed with 

nonporous or core-shell (superficially porous) particles are gaining popularity. Sub-2 μm 

particles columns require a dedicated instrumentation that can work at very high pressure (up 

to 1200–1300 bar), and therefore this technique has been called ultrahigh-performance liquid 

chromatography (UHPLC). The modern sub-3 μm core-shell particles columns can be used on 

conventional HPLC instrument, with a maximum pressure of 300 bar [2]. In this study a simple 

isocritic HPLC method with DAD detection for the determination of clotrimazole is developed 

using Agilent Poroshell 120 EC-C18 2.1x100mm column with particle size 2.7µm. The mobile 

phase consists of a mixture of acetonitrile and buffer at pH:7.0 (45:55). At a flow rate of 0.5 

mL min-1 ,detection at 220 nm, column set at 40ºC total analysis time is less than 10 minutes. 
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Simultaneous Analysis of Methylprednisolone Aceponate and Benzyl 
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Methylprednisolone aceponate (MPA) is a nonhalogenated diester of 6α-

methylprednisolone which, based on its anti-inflammatory activity, has been classified as a 

potent glucocorticosteroid. MPA is a corticosteroid with two open-chain ester groups at position 

17 and 21. It is therapeutically used for topical treatment of various forms of dermal eczema as 

well as of sunburn, psoriasis and atopical dermatitis. The introduction of 2 ester groups results 

in a molecule with increased lipophilicity, and enhanced penetration into skin [1].  

Benzyl alcohol (BA) is prepared by the distillation of benzyl chloride with potassium 

or sodium carbonate. BA is a clear, colorless, oily liquid with a faint aromatic odor and a sharp, 

burning taste. It can oxidize slowly in air to benzaldehyde and benzoic acid. It does not react 

with water and can be stored in metal or glass containers. Usually methyl hydroxybenzoate and 

propyl hydroxybenzoate are used together since they have a synergistic effect. BA using as the 

preservative of lotion and cream form [2,3]. 

                                                  
Figure1:Methylprednisolone Aceponate                              Figure2:Benzyl Alcohol                                                                            

Best practices in method development and validation is equally important in the analysis 

of both active components and preservatives/excipients (inactive ingredients) used in the 

manufacturing of drug products. Preservatives are an important class of chemicals used to 

inhibit the growth of microorganisms harmful to industrial products [3]. 

Methylprednisolone aceponate which is a active ingredients use in eczema cream, 

benzyl alcohol was used as preservatives. Therefore simultaneous analysis of MPA and BA is 

important. In recent years, core-shell silica particles (solid core and porousshell or superficially 

porous) have been increasingly used for highly efficient separation with fast flow rate and 

relatively low back pressure. Core-shell column have a higher resolving power than the flat-C18 

column [4]. Three different columns were compared: ACE C18 4.0x250mm 5µm, Agilent 

Poroshell 120 EC-C18 2.1x100mm 2.7µm, Agilent Poroshell 120 Pheny Hexyl 2.1x100mm 

2.7µm. 

Keywords: Methylprednisolone Aceponate, Benzy Alcohol, HPLC, Core-Shell, Simultaneous 

Analysis 
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Beverages by Ultra-High Performance Liquid Chromatography 
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Folic acid (FA) is a water soluble vitamin in B-group and it is vital for living organisms. 

FA deficiency causes some critical diseases including gigantocytic anemia and leukopenia, 

neural tube defects (NTDs), coronary heart disease, stroke, Alzheimer’s disease in the elderly, 

psychosis, and certain forms of cancer such as pancreatic, colorectal and breast cancers [1-4]. 

Therefore, analysis of FA with a reliable analytical method is very important. In this study, an 

efficient and a rapid UHPLC-UV method is developed for FA analysis in malt-based beverages. 
The analysis was performed in an Eclipse Plus C18 column (2.1x50 mmx1.8 µm) with a guard 

column (2.1x5 mmx1.8 µm) using a solvent system of ACN: 0.1 % formic acid in water (10:90, 

v/v) by isocratic elution. Injection volume was 5 µl. The flow rates of the mobile phase were 

maintained at 0.2 mL min‒1 for 0.00–4.00 min and 0.5 mL min‒1 for 4.01–12.00 min. Methyl 

paraben was used as the internal standard (IS). The FA and IS signals were detected at 284 nm 

and 254 nm, respectively. Under these conditions, FA and IS were separated in 3.6 min and 

11.4 min, respectively. The method was successfully validated in terms of precision, accuracy, 

linearity, limits of detection (LOD) and quantification (LOQ). The relative standard deviations 

for intra- and inter-day precision were less than 1.5%. The proposed method was successfully 

applied for the determination of FA in malt beers and alcohol free malt drinks.  
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Determine of Inulin, Fructose, Glucose and Sucrose in Roots of Chicory 

(Cichorium Intybus) using RP-HPLC-RID 
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Chicory (Cichorium intybus) is cultivated for its roots which are the main source of 

inulin that is a beneficial effects on human health and used in the food industry to improve 

organoleptic characteristics, to balance the nutritional value, to replace fats and to enrich 

products with dietary fibers1,2,3,4. The chicory roots are contains a small amounts of free 

monosaccharide (fructose, glucose and sucrose) and a lot amount of oligosaccharide (inulin)3. 

Inulin is consists of twenty two to fifty fructose molecules connected by β-(2→1) bonds and 

one glucose molecule at the end5. A newly developed high performance liquid chromatography 

method is carried out on an Inertsil-NH2 column (4.6 x 250 mm) to measure simultaneously of 

free monosaccharide and inulin in roots of chicory using refractive index detector. The method 

ensures adequate sensitivity, quantitative recoveries, does not suffer from matrix interferences 

and shows good repeatability.The amount of inulin found after thermal treatment (80°C, 2 

hours) measured as fructose after acidic hydrolysis (HCl 0.3 mol L-1) was significantly lower 

compared with corresponding data obtained with a method based on direct analysis. The 

investigated concentration ranges of inulin from 29 samples were (89.1–167.5 g kg-1), and of 

fructose, glucose and sucrose were (1.5–5.7, 0.09–1.65 and 3.7–9.6 g kg-1, respectively), good 

linearity (R2≥0.998) was obtained. Analytical recoveries were 81.1–109.3%. An internal 

standard of rhamnose was used to quantify free monosaccharide. The limits of detection for 

Rahmanose (I.S), inulin, fructose, glucose and sucrose were 0.03, 0.23, 0.30, 0.40 and 0.18 g 

kg-1, respectively with average RSDs 1.35% for repeatability and 5.2% for reproducibility.  

 
Keywords: Chicory (Cichorium intybus), Monosaccharide, Oligosaccharide, RP-HPLC-RID. 
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P1-20 

A Validated Stability Indicating HPLC Method for Determination of A 

New Serotonergic Antidepressant Vortioxetine Active Pharmaceutical 

Ingredient and Its Pharmacuetical Dosage Forms 

Cansu ALVER,  Nevin ERK* 

 

Ankara University, Faculty of Pharmacy, Department of Analytical Chemistry, 06100 Ankara 

TURKEY 
*E-mail:erk@pharmacy.ankara.edu.tr 

An isocratic stability indicating reversed-phase liquid chromatographic determination 

was described for the determination of vortioxetine in bulk and its pharmaceutical formulations.  

Chromatographic quantitation of vortioxetine was developed on Waters Symmetry C18, (100 x 

4,6 mm, 3.5 μm) column using methanol and 0.05 M potassium dihydrogen phosphate  

(pH:3.0±0.5) (70:30, v/v) as mobile phase with flow rate of 1.3 mLmin-1, loop of 20 L, UV 

detection at 225.0 nm and column at 500C temperature. The internal standard method using 

caffeine as the internal standard is used. The method was applied in the concentration ranges of 

10.0 - 70.0 µg.ml-1 (r: 0.9998),  and the mean recovery value was 100.7 % .Besides  stability 

tests were done through exposure of the analyte solutions to different conditions: acid, alkali 

hydrolysis, chemical oxidation and exposure to UV radiation. The performance of the method 

was validated according to the present ICH guidelines for specificity, limit of detection, limit 

of quantification, accuracy, and precision. 
 
Keywords: Vortioxetine, Caffeine, Pharmaceutical Formulation, Stability Indicating,Validation, High 

Performance Liquid  Chromatography 
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P1-21 

Micellar Liquid Chromatographic Determination of Penicillin-V  

in Pharmaceutical Formulations 

 

Gizem Yıldırım*, Sabriye Perçin Özkorucuklu 

 

Istanbul University, Faculty of Science, Department of Molecular Biology and Genetics, Istanbul, 

Turkey 

*E-mail: gizemm_yildirim23@hotmail.com 

 

Penicillins are β-lactam antimicrobial agents used against various organisms by 

inhibiting of the peptidoglycan layer of bacterial cell walls. The peptidoglycan layer is 

important for cell wall structural integrity [1].  Penicillin-V (phenoxymethylpenicillin) comes 

under the group of small-spectrum β-lactam antibiotics. It kills a wide variety of bacteria that 

cause a wide variety of commonly occurring infections [2]. Many analytical techniques for 

determination of various types of penicillins in body fluids and pharmaceuticals have been 

published. Generally, spectrophotometric methods and high-performance liquid 

chromatography (HPLC) with different modes of detection, such as ultraviolet detection and 

mass spectrometry, belong to the most popular analytical methods for detection and 

quantification of penicillins. A technique known as micellar liquid chromatography (MLC) has 

been used as an alternative method to conventional liquid chromatography because of the large 

number of interactions of solutes with the mobile and stationary phases [3].  

In this work, a rapid and simple micellar liquid chromatographic method for the 

separation of four penicillin antibiotics (methicillin, penicillin-V, amoxicillin, ampicillin) has 

been developed. Separation was achieved isocratically on a XTerra Shield RP18 column 

utilizing a mobile phase of 50 mM SDS-5% 1-butanol in a phosphate buffer (pH 3.5) at a flow 

rate of 1.0 mL min-1 with UV detection at 200 nm. The method was applied to the determination 

of the penicillin-V in various pharmaceutical formulations. 

 
Keywords: Penicillins, Micellar liquid chromatography, Urine, Pharmaceutical formulations. 
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P1-22 

Application of a Liquid Chromatographic Procedure for the Analysis of β-

Lactam Antibiotics Using Sodium Dodecyl Sulphate /Butanol Mobile Phase 

 

Sabriye Perçin Özkorucuklu* , Gizem Yıldırım 

Istanbul University, Faculty of Science, Department of Molecular Biology and Genetics, Istanbul, 

Turkey 

*E-mail: gizemm_yildirim23@hotmail.com 

 

The β-lactams are the most frequently utilized family of antibacterial compounds 

worldwide. They are used to treat respiratory tract infections that often result from the 

encroachment of sensitive bacteria. They are clinically used against Gram-positive and Gram-

negative bacteria. Among several major classes of β-lactams, penicillins and cephalosporins are 

the most prominent [1]. 

High-performance liquid chromatography (HPLC) is currently the most widely used 

technique for analyzing antibiotics because it combines specificity with sensitivity, 

reproducibility and cost-effectiveness. Several HPLC methods have been reported for the 

determination of β-lactam group drugs in dosage forms, biological fluids and other matrices 

[2,3]. Micellar liquid chromatography (MLC), which uses a surfactant solution as the mobile 

phase and whose concentration is above the critical micellar concentration is an alternative to 

conventional HPLC [4].  

The purpose of this study was to develop a new MLC method for the separation of six 

β-lactam antibiotics. Amoxicillin, ampicillin, methicillin, cephalexin, ceftriaxone and 

ceftazidime were analyzed using a XTerra Shield RP18 column and detected at 220 nm. These 

antibiotics were separated by an interpretive optimization procedure based on the accurate 

description of the retention and shape of the chromatographic peaks. The practical analytical 

utility of proposed method was demonstrated by the determination of cephalexin in 

pharmaceutical preparation. 

 
Keywords: β-lactam, Penicillins, Cephalosporins, Micellar liquid chromatography 
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Development of an Analytical Method for the Determination of Amoxicillin 

in Commercial Drugs and Wastewater Samples, and Assessing its Stability 

in Simulated Gastric Digestion 

 
Tuğçe UnutkanA*, Seda KoçoğluA, Sezgin BakırdereB, Seyfullah KeyfA 

 

AYıldız Technical University, Chemical and Metallurgical Engineering Faculty, Chemical Engineering 

Department, 34210, İstanbul, Turkey 
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*E-mail: tugceunutkan@gmail.com 

 

Amoxicillin trihydrate is the most widely used β-lactam antibiotic for the treatment of 

bacterial infections including throat, skin, ear, nose and lower respiratory tract caused by 

susceptible microorganisms (1, 2). Absorption ability of this chemical is higher than other β-

lactam antibiotics (3). On markets, capsules, tablets, suspensions and injectable solutions are 

available formulations for amoxicillin (4). Antibacterial effect and bacterial resistance have 

been improved by amoxicillin combination drugs (5). Due to importance of this chemical, 

sensitive and accurate determination method is very crucial for human health. In this study, a 

highly sensitive analytical HPLC-UV method was developed to determine amoxicillin in drugs 

and wastewater samples at a single wavelength. The calibration plot of the method was linear 

between 0.050 to 500 mg L-1 with a correlation coefficient of 0.999. The limit of detection and 

limit of quantitation were found as 16 µg L-1 and 54 µg L-1, respectively. Recovery of 

amoxicillin from wastewater was also studied and % recovery was found to be 97.0 ± 1.6%. In 

order to predict the in vivo behavior of the analyte, drug samples were subjected to simulated 

gastric conditions. Method developed was successfully applied to perform qualitative and 

quantitative determination of amoxicillin in tablet and suspension drug samples. 

 
Keywords: HPLC, Amoxicillin, Simulated Gastric Juice, Wastewater, Commercial Drugs 
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P1-24 

Determination of Carcinogenic Benzo(a)pyrene (BaP) After Heat 

Treatment in Some Black Tea Grown in the Eastern Black Sea 

Region(Turkey) 
 

Cigdem Dikbas, Fatma Aygun* 
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Samsun, TURKEY 

*E-mail: faygun@omu.edu.tr 

 

Tea commercialy grown and manufactured in the Eastern Black Sea Reagen of Turkey  

is the most consumed drink in Turkey after water [1]. Although tea consumption has many 

health benefits, leaves may contain some organic contaminants, such as pesticides and/or 

polycyclic aromatic hydrocarbons (PAHs). Exposure to PAHs through food consumption might 

cause a human health threat because some of them are carcinogenic and toxic [2]. 

Manufacturing processes of tea leaves and environmental pollution might be the main 

source of PAHs in tea product.[1-2] 

As an indicator of the presence of other PAHs, benzo(a)pyrene (BaP) can be evaluated  

to be one of the most carcinogenic PAH. Therefore, the aim of this study is to develop  a rapid, 

simple, and cost-efficient extraction technique for evaluating and screening BaP in tea. 

In our study, extraction conditions, such as the solvent type, solvent volume and 

extraction time were optimized to obtain the best extraction performance. Approximately, one 

gram of tea samples was extracted shaking twice one after the other by hand with 10 mL of  

hexane/acetonitrile (7.5/2.5, v/v) for 1,2,3 and 4 minutes. The extract was then filtered through 

glass fiber into a separating funnel and after that, the extract was evaporated to dryness using a 

rotary evaporator, and the residue obtained  was dissolved in 2 mL hexane and acetonitrile. This 

extract was dried with air, diluted to 8 mL by acetonitrile,  centrifuged and transfered to HPLC 

analysis. 

Tea samples were spiked with  standard solutions of BaP. These standard solutions were 

added in tea before being extracted. Finally, the satisfactory recovery (97.76±4.41 %) of  BaP 

from tea samples was obtained when the samples were shaken twice by hand for one minute. 

In tea the contamination for BaP is ranged from 1.27 to 1.91 μg kg-1. This level for BaP 

is not classifiable as carcinogenic to humans by the International Agency for Research on 

Cancer. 

 
Keywords: BaP, Dry Tea, HPLC. 

References: 

1. X. Li, N. Li, H. Luo, L. Lin, Z.  Zou, Y. Jia, Y. Li, J. Agric. Food Chem. (2011) 59 5899–5905. 

2. V.A.G.  Londono, C.M.  Reynoso, S.L.  Resnik. Food Control  (2015) 50 31-37. 

 

 

 

 

 

 

 

 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

101 

 

P1-25 

Simultaneous Estimation of Irbesartan, and Hydrochlorothiazide in Their 

Binary Mixture by HPLC and UPLC 

 
Mehmet Gumustas*, Derya Ozgur, Sibel A. Ozkan 

 
Ankara University, Faculty of Pharmacy, Department of Analytical Chemistry, Ankara, Turkey 

*E-mail: mgumustas@hotmail.com 

 
Hypertension is an important problem that requires chronic treatment. Angiotensin-

converting enzyme (ACE) inhibitors were primarily considered as antihypertensive drugs able 

to reduce significantly high blood pressures in hypertensive patients. Binary tablet formulations 

containing the angiotensin II receptor antagonist Irbesartan (IRB) and the diuretic 

hydrochlorothiazide (HCT) are used in the therapy to treat high blood pressure. The aim of this 

research is optimization and development of a simple, rapid, economical, sufficiently precise 

and accurate, reproducible, and fully validated HPLC and UPLC methods with good detection 

limits for estimation binary combination of IRB and HCT in bulk form and pharmaceutical 

preparations. The validation tests were also performed according to International Council on 

Harmonization (ICH) Guidelines and The United States Pharmacopeia (USP)), and the effect 

of acidic and basic additives were investigated on this regard. 

The experiments were carried out on a reversed-phase Waters BEH C18 (50 mm × 2.1 

mm I.D., 1.7µm) UPLC column and Inertsil C8 (150 mm × 4.6 mm I.D., 5µm) analytical HPLC 

column.  

The UPLC system was operated under the gradient conditions at 40 ºC using as mobile 

phase A of acetonitrile: B; NaClO4 buffer (pH 3.2; 0.053 mM) at 0.6 mL.min-1 flow rate was 

used to separate both compounds with a detection of 280 nm. The gradient program (T (min) / 

B%) is set as 0/5; 3/90; 3,5/5; 5/5. For HPLC study; an isocratic mobile phase with the flow 

rate of 0.9 mL.min-1 that consisting of a mixture of methanol: water (68:32; v/v) containing 

with phosphoric acid (0.86 mL.L-1) was used for the separation and analysis of IRB and HCT 

at 40 oC. 

As a conclusion optimized HPLC and UPLC methods have been developed for 

separation of HCT, IS and IRB simultaneously that might serve as a versatile analytical tool 

suitable for the assay of this binary mixture and interest quality control and research 

laboratories. The proposed methods were successfully applied to determine both the quantity 

and uniformity of HCT and IRB from their pharmaceutical preparations without interferences. 

Keywords: HPLC, UPLC, Validation, Irbesartan, Hydrochlorothiazide 
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P1-26 

Separation of Enantiomers of Butoxamine Using Polysaccharide Based 

Chiral Columns with Emphasis on Enantiomer Elution Order 
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Butoxamine, (1S,2S)-1-(2,5-dimethoxyphenyl)-2-(tert-butylamino) propan-1-ol, is a 

β2-selective agonist under preclinical study.  

The purpose of this study was evaluation of six polysaccharide-based chiral columns 

(Lux Cellulose-1, Lux Cellulose-2, Lux Cellulose-3, Lux Cellulose-4, Lux Amylose-1, Lux 

Amylose-2) with the dimensions of 250 x 4.6 mm for separation of enantiomers of butoxamine.. 

Separations were performed with various polar organic and alcohol-hydrocarbon mobile 

phases. Especial attention was paid to the elution order of enantiomers as a function of the type 

of polysaccharide backbone and nature of polysaccharide derivative (benzoate or carbamate), 

as well as position of the substituent(s) on the phenylcarbamate moiety. Furthermore, the effect 

of polar modifier (2-propanol) content in the mobile phase and acidic and basic additives were 

investigated on this regard. 

As a result of this study, the enantiomers of butoxamine were resolved on all studied 

chiral columns with using normal phase eluents. Elution order reversal for this compound was 

observed depending on the polysaccharide backbone (cellulose or amylose), type of derivative 

(carbamate or benzoate), nature and position of the substituent(s) on the phenyl moiety of 

polysaccharide derivative.  No reversal of the elution order was observed with the addition of 

formic acid and diethylamine as additives to the mobile phase. 

Keywords: HPLC, Enantiomer Elution Order, Chiral Separations, Butoxamine 
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P1-27 

Prediction of Retention Time in Reversed-Phase Liquid Chromatography 

as A Tool for Tryptophan and Its Major Metabolites Identification 

 
Stella Fasoula, Ch. Zisi*, A. Pappa-Louisi, P. Nikitas 

 

Department of Chemistry, Aristotle University of Thessaloniki, 54124, Greece. 

*E-mail: chrizisi@hotmail.com  

 

The use of retention data is of great help for metabolites identification in Metabolomics 

In this context, quantitative structure-retention relationship (QSRR) models, based on 

metabolite molecular descriptors (MDs), are used more frequently lately [1]. In the present 

study, a 7-parameter alternative QSRR model was developed based on a dataset composed of 

tryptophan and its major metabolites belonging to three different ionizable groups: monoprotic 

and/or diprotic acids and bases as well as ampholytes. This model is differentiated from a 

common QSRR model by adding an extra variable which is the metabolite retention time 

measured under the same gradient conditions, but in two different chromatographic columns. 

Multiple linear regression (MLR) was applied to construct the linear QSRR models based on 

statistical significant molecular descriptors among a variety of theoretical molecular 

descriptors. The derived regression equations include structural descriptors as well as 

descriptors related to the pK values of solutes and they are formally given below 

tR(Α)=a1MD1 + a2MD2 + … + anMDn + btR(Β)    

where tR(A), tR(B) are the metabolites retention times measured under the same gradient 

conditions in two different reversed-phase columns, MD1,…,MDn are the statistically 

significant molecular descriptors and a1, a2, .., an, b are the adjustable parameters. The predictive 

capability of the developed QSRR models, which relate structural and chemical parameters of 

investigated compounds with their retention data obtained by two different chromatographic 

columns, is impressively improved in comparison to a classic QSRR model.  

Keywords: Reversed Phase Liquid Chromatography, Retention Data Prediction, Quantitative Structure-

Retention Relationships, Tryptophan And Its Metabolites  
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P1-28 

Solidified Floating Organic Drop Microextraction of Mercury from Water 

and Environmental Samples by Spectrophotometer and CVAAS 
 

Jamshed AliA,B, Mustafa TuzenA,* 

AGaziosmanpasa University, Faculty of Science and Arts, Chemistry Dept., 60250 Tokat, Turkey 
B National Centre of Excellence in Analytical Chemistry, University of Sindh, Jamshoro 76080, Pakistan 

*E-mail: mustafa.tuzen@gop.edu.tr 

 

Direct determination of mercury ions in water and environmental samples by using 

spectrophotometer and atomic absorption spectrometry is difficult because of low concentration 

of analyte ions than detection limit of instrument and matrix effects. Various separation and 

preconcentration procedures such as cloud point extraction, solid phase extraction, etc. are used 

for mercury determination [1,2]. 

A simple, rapid, sensitive and selective solidified floating organic drop microextraction 

(SFODME) method was developed for mercury(II). 1-undecanol was used as extraction 

solvent. Dithizone was used as complexing reagent. Various analytical parameters such as pH, 

amount of complexing reagent, volume of 1-undecanol, sample volume, centrifugation rate 

were optimized. Enrichment factor (EF), limit of detection (LOD) and RSD were found 100 

and 0.32 µg L-1, 3.5 %, respectively. Accuracy of the method was confirmed by analysis of 

certified reference materials. The SFODME method was applied to determination of Hg(II) in 

water and food samples after microwave digestion method by using spectrophotometer and cold 

vapor atomic absorption spectrometry (CVAAS). 
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P1-29 

Dual-Solidified Floating Organic Drop Microextraction Technique: A 

Novel Technique to Eliminate the Disadvantages of Conventional Solidified 

Floating Organic Drop Microextraction for Preconcentration of Cobalt 

Ions 

 
Çiğdem Arpa Şahin*, Itır Aridaşir, Sema Bektaş 
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*E-mail: carpa@hacettepe.edu.tr 

 

In this study, a new ultrasound assisted emulsification-dual-solidified floating organic 

drop microextraction (USAE-d-SFODME) technique, which eliminates the drawbacks of 

conventional SFODME, for preconcentration and FAAS determination of lead ions was 

developed for the first time. In this technique two SFODME steps are performed in sequence. 

In the first step conventional SFODME procedure was applied. For this purpose CR was used 

as a complexing agent and 1-dodecanol was used as an extraction solvent. After performing 

extraction CR-cobalt complexes were transferred into the 1-dodecanol phase. At this stage, 

instead of direct analysis of extraction phase, a second SFODME step was performed. For this 

purpose the extraction phase was treated with 1.0 M HNO3 solution, and after applying 

ultrasound, cobalt species were back-extracted into the aqueous phase and determined by 

FAAS. Second extraction step provides the elimination of the drawbacks of the organic 

extraction solvent, 1-dodecanol. Several factors affecting the microextraction efficiency, such 

as type of extraction solvent, pH, complexing agent concentration, ultrasound extraction time, 

sample volume and equilibration temperature were investigated and optimized. Under 

optimized conditions, the preconcentration factor and the enrichment factor were obtained. The 

values for limit of detection (3s), the limit of quantification (10s) and the relative standard 

deviation (RSD) for 10 replicate measurements were calculated. The proposed method was 

successfully applied to the determination of lead in certified reference material and different 

water samples. 

 
Keywords: Ultrasound Assisted Emulsification Dual Solidified Floating Organic Drop 

Microextraction, Cobalt, Preconcentration, Flame Atomic Absorption Spectrometer, Congo Red 
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P1-30 

Magnetic Dispersive Liquid Phase Microextraction on Fe3O4 Magnetic 

Nanoparticles for the Preconcentration of Mercury Assisted with 

Imidazolium Based Ionic Liquids Before Flow Injection Cold Vapour 

Atomic Absorption Spectrophotometric Determination. 
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Mercury may cause negative effects such as cancer, permanent brain damages like other 

heavy metals while the contamination of biological and environmental samples. There is very 

little way to the excretion of mercury from the body, the effect is an increased accumulation of 

poisons [1]. The permitted (threshold) level of mercury in drinking water was set to be 1 ng/mL 

or 2 ng/mL [2, 3]. However, the concentration of mercury is commonly in the range of low 

ng/mL in environmental waters which indicate that sample pretreatment and sensitive detection 

techniques are essential for its quantitative analysis. 

In this study a novel magnetic dispersive liquid liquid microextraction was developed 

on magnetic ferrous (III) oxide (Fe3O4) nanoparticles assisted with 1-butyl-3-methyl 

imidazollium hexafluorophosphate ionic liquid as an extractant for preconcentration of mercury 

spectrometric determination. For this, Fe3O4 nanoparticles was prepared using a simple 

procedure and characterisation studies was completed with X-Ray Diffraction, Transmission 

Electron Microscopy and Fourier Transform Infrared Spectroscopy. The metal complexes of 

mercury was prepared with 4-(2-pyridylazo)-2-resorcinol (PAR) and the extraction method was 

applied to aqueous media. The enriched mercury was analysed by atomic absorption 

spectrophotometer using of the flow injection cold vapour technique after preconcentration 

under optimum extraction conditions. 

For the magnetic microextraction technique, enrichment factor and extraction recovery 

was calculated after applied optimum extraction parameters affecting the extraction efficiency 

as sample pH, effect of surfactant, amount of PAR, amount of ionic liquid and Fe3O4, volume 

of sample and co-existing ions. This study is supported by TUBITAK as a project number 

214Z269. 
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P1-31 

Determination of Trace Amount of Cadmium using Dispersive Liquid-

Liquid Microextraction-Slotted Quartz Tube-Flame Atomic Absorption 

Spectrometry 

Merve Fırat*, Maral Selin Fındıkoğlu, Betül Kafa, Elif Yazıcı, Melda Yolcu, Çağdaş Büyükpınar, 

Dotse Selali Chormey, Sabriye Sel, Fatma Turak, Sezgin Bakırdere  

Yıldız Technical University, Faculty of Art and Science, Chemistry Department, 34210, İstanbul, 

Turkey 

*E-mail: merve.f@yahoo.com 

Determination of trace amount of cadmium at high accuracy and precision is very 

crucial due to its serious health effects (1, 2). This study was performed to develop an analytical 

method for cadmium using dispersive liquid-liquid extraction after complex formation using 

diphenylcarbazone. The parameters affecting the cadmium complex formation and its 

extraction output were varied in a stepwise manner to obtain optimum results. In the complex 

formation step, the pH and amount of the buffer solution together with the concentration of the 

ligand were optimized. The mixing period for the complex formation was also varied between 

5 and 90 minutes to obtain the highest output. The DLLME method was comprehensively 

optimized based on the type and amount of extraction solvent, dispersive solvent and salt. The 

type and period of mixing needed for a more effective extraction was also investigated. In order 

to further improve the sensitivity of the analysis for cadmium, the flame atomic absorption 

spectrometry (FAAS) system was optimized. This included the flow rates of the sample inlet 

and the acetylene fuel gas. The limits of detection and quantitation (LOD and LOQ) for the 

FAAS system were 42 and 140 µg/L, respectively. This was improved upon using a slotted 

quartz tube (SQT) fitted to the FAAS system. The LOD and LOQ were lowered to 11.9 and 

39.6 µg/L, respectively, after the height of the SQT and flow rates of both sample inlet and 

acetylene fuel gas were optimized. The LOD and LOQ of the optimized FAAS system after 

DLLME was 1.33 and 4.44 µg/L, respectively. Combining both optimized parameters of the 

DLLME and SQT-FAAS system gave 0.45 and 1.5 µg/L as LOD and LOQ, respectively. 

 
Keywords: Cadmium, Microextraction, DLLME, SQT, FAAS 
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P1-32 

Optimization of a Closed Batch Vessel Hydride Generation Atomic 

Absorption Spectrometry Method for the Determination of Lead in 

Drinking and Waste Water Samples at Trace Levels 
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Department, 34210, İstanbul, Turkey 

*E-mail: cagdasbp@hotmail.com 
 

Lead is one of the poisonous metal which can be absorbed into the human body as 

inorganic lead accumulated in soft tissues, bones and teeth (1). Lead poisoning causes 

hyperactivity, developmental delays, liver and kidney damage, hearing loss, anemia and in 

extreme cases, death for children (2). Concentration of lead in many environmental samples 

falls below the detection limit of most conventional analytical methods. The maximum 

allowable limit for lead in drinking water is 15 µg L-1 and 10 µg L-1 according to the United 

States Environmental Protection Agency and the World Health Organization, respectively 

(USEPA 2014; Etchie et al. 2013). Hence, development of an analytical method giving precise 

and accurate results to meet the desired concentration guidelines is very important. In this study, 

the optimization of parameters in batch type hydride generation atomic absorption spectrometry 

system for the determination of lead at trace levels was performed. The parameters which affect 

the production, transport and atomization of plumbane were varied to obtain optimum results. 

Chemical parameters including the concentrations of reagents affecting the generation of the 

lead hydride were optimized to obtain high hydride generation efficiency. Other parameters 

such as atomization temperature, reaction period, pump speed, pump period, flow rates of 

reducing agent and carrier gas were also optimized to obtain lower detection limits. The method 

developed gave a linear Pb concentration range from 2.0 to 40 µg L−1 (r2=0.9995) under the 

optimum conditions. The limit of detection was calculated as 0.56 µg L−1. Accuracy of the 

method was also checked through the analysis of certified reference materials.  
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P1-33 

Ultra-Trace Determination of Arsenic and Selenium in Foods and 

Vegetables by Hydride Generation Atomic Absorption Spectrometry 

 
Nail Altunay*, Ramazan Gürkan, Emre Yıldırım, Ulaş Orhan 

 

University of Cumhuriyet, Faculty of Science, Department of Chemistry, TR-58140, Sivas, TURKEY 

*E-mail: naltunay@cumhuriyet.edu.tr 

 

In human body, approimxately thirty elements play a key role in physiological activities 

and are recognized as essential elements [1]. However, essential elements are toxic at high 

concentrations. The toxicity of arsenic differs markedly between individuals and populations, 

which might be related to the metabolism (methylation) of inorganic arsenic (As), as well as 

the selenium (Se) nutritional status [2]. Therefore a simple and ultrasensitive detection 

technique is required to determination of this elements. 

In the work, a new and simple ultrasonic assisted extraction procedure was developed 

for the determination of arsenic and selenium in foods and vegetables by hydride generation 

atomic absorption spectrometry. Some factors such as Tween 60 concentration, ligand 

concentration, pH, extraction time, and sample volume were investigated and optimized in 

details. At optimal conditions, the linear range was in the range of  4.5-250 for As, and 15-400 

ng L-1 for Se and the relative standard deviation (RSD) was 3.8% for As, and 3.3% for Se. The 

relative recoveries of As and Se spiked at 20–150 ng L-1  in the selected samples were in the 

range of between 94.1.2 and 104.8%. The sensitivity improvement factor for As and Se was 

185 and 140, respectively. The validity and accuracy was evaluated by analyzing of two 

certified reference material (CRMs) and spike recovery experiments. The method was 

successfully applied to the determination of As and Se in the samples.Finally, the method was 

demonstrated to be rapid and sensitive for extraction and determination of As and Se in the 

selected samples with good results. 

 
Keywords: Arsenic, Selenium, Hydride Generation-Atomic Absorption Spectrometry, Extraction, 

Foods, Vegetables. 
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Determination of Macro and Micro Element Concentrations in Hardaliye 

Beverages Using Flame Atomic Absorption Spectrometer after Ultrasound-

Assisted Extraction, Microwave-Assisted Extraction and Wet Extraction 

Procedures 
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*E-mail: ybakircioglu@trakya.edu.tr 

 

Abstract 

In the presented study, the concentration of macro and micro elements in hardaliye 

samples produced in Turkey and collected from homemade and Turkish supermarkets was 

determined by flame atomic absorption spectrometer after microwave-assisted extraction 

(MAE), wet extraction (WE) and ultrasound-assisted extraction procedures (UAE). However, 

there is limited work present an ultrasound-assisted extraction in the determination of trace 

elements in beverage samples. Classical time-consuming and hazardous procedures for sample 

preparation have been compared by ultrasound-assisted extraction. The parameters effecting 

UAE experimental conditions such as ultrasound amplitude, sonication time, sample amount, 

extractant type and volume were studied. Optimal experimental conditions for metal extractions 

from UAE procedure were as follow: 2-min sonication time, % 30 amplitude, 3 mL sample 

volume, % 5 (v/v) HNO3 extraction solution, and 1 mL of extractant volume for Ca, Cu, Mg, 

Mn, Na and Zn in hardaliye samples. The results in the hardaliye samples (minimum-maximum 

in mg L-1) from UAE procedure were Ca 33-63, Cu 0.049-0.27, Mg 3.9-14.4, Mn 1.0-3.2, Na 

32-58, and Zn 0.39-1.1. The UAE procedure was found to be fast, accurate, and simple, fewer 

contaminants and lower concentrated reagent consumption in comparison with the other used 

conventional extraction procedures.    

 

Keywords: Hardaliye, Macro and Micro Elements, Flame Atomic Absorption Spectrometer, 

Microwave-Assisted Extraction, Wet Extraction, Ultrasound-Assisted Extraction  

 

Introduction 

Hardaliye is an indigenous traditional beverage of the Trakya region of Turkey, where 

It has been produced and consumed for centuries [1,2].  It is also known as a grape-based, 

fermented, non-alcoholic beverage, produced by lactic acid fermentation. Traditionally, 

hardaliye is made of grape, fermented with L. paracasei subsp. paracasein and Lactobacillus 

casei subs. Pseudoplantarum, which grows in lactic acid bacteria (LAB) [3]. Due to the LAB, 

it has been non-dairy probiotic beverages [4]. The pH of hardaliye samples in the literature have 

been reported in the range of 3.21-3.97 [1,4]. There are four main steps in the hardaliye 

production which are preparation of raw material is an important stage, pressing, fermentation, 

and storage [3, 4]. In the preparation step, washed red grapes (Papaz karası, Alfars or Cardinal) 

or grape juice and crushed black mustard seed are pressed until the rupture of their crusts. 

Pressed grapes, 0.2 % pressed mustard seeds, cherry leaves and/or 0.1 % benzoic acid is mixed 

with a wooden (or plastic) barrels. Then, the mixture is allowed to ferment for 5-10 days at 

room temperature in closed barrels. After the fermentation step, the mixture filtered, and the 

final product of hardaliye is stored in a suitable container at 4 0C [1,5]. Atomic spectrometric 

techniques like the flame, electrothermal atomic absorption spectrometry and high-resolution 

continuous source atomic absorption spectrometer (F-AAS, ET-AAS, HR-CS-AAS), as well as 

inductively coupled plasma optical emission and mass spectrometer (ICP-OES and ICP-MS), 
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have been frequently used for trace element determination in fruit juice samples [5-9]. 

However, the determination of metals in such samples by using atomic spectrometric technique 

is difficult due to its matrix and low-level metal concentration in the sample [7]. Because this, 

different sample-preparation procedures like: microwave-assisted and wet extractions are 

usually used. The aim of this study was to determine the trace element contents in home-made 

and commercial fermented drink hardaliye samples to assess the risk for Turkey consumer by 

using FAAS, after microwave-assisted extraction, wet extraction, and ultrasound-assisted 

extraction procedures. In addition, the advantages and disadvantages of the acid-based 

ultrasound-assisted extraction procedure were evaluated.  

 

Materials&Methods 

Determination of Ca, Cd, Cr, Cu, Mg, Mn, Na, Pb, Zn in the hardaliye samples was 

made with a Perkin-Elmer AAnalyst 800 Atomic Absorption Spectrometr. The ultrasound-

assisted extraction was carried out using a 900 W, 20-25 kHz XO-900D ultrasonic cell 

crushing/disruptor–homogeniser. Microwave MarsXpress closed vessel sample preparation 

system. A Stuart Block heating digester was used. HNO3 (65 %, v/v), HCl (37 %, v/v) and H2O2 

(35 % v/v) purchased from Merk (Darmstadt, Germany) were used for the sample extraction.  

Ca, Cr, Cu, Mn, Pb and Zn stock standard solutions (1000 g L-1) were supplied by Fluka, while 

Na and Mg stock standard solutions (1000 g L-1) were from Merck. Cd stock standard solution 

(1000 g L-1) was also purchased from Inorganic Ventures.  

The analyses of different commercial and homemade hardaliye samples were purchased 

from the local market or village (Trakya, Turkey). The samples were stored at the refrigerator 

in the original packing (glass bottle) and rinsed thoroughly before analysis. The following 

optimum sample preparation procedures were tested: 

Wet extraction (WAE) and Ultrasound-assisted extraction (UAE): These procedures 

were performed according to Bentlin et al [10].  Microwave-assisted extraction (MAE): This 

procedure was performed according to Husakova et al. [11].  

 

Results&Discussion 

Effect of Sonication Time: A % 30 sonication amplitude of the probe fixed, 3 mL of the 

samples was placed in a tube, 1 mL of the extraction solution (either % 1 HCl or % 5 HNO3) 

was added, and the extraction time varied between 1 to 15 minute and the extraction was 

performed. Metal concentration was not changed with increasing sonication time, 1 min being 

sufficient for the metal investigated (Fig 1 (a) and (b)). Higher sonication times was not chosen 

due to the detrimental effect by longer times on the titanium tip [12].  

Effect of Sonication Amplitude: The influence of Sonication amplitude in the range of 

15-45 % was investigated by using 1 min as sonication time and applying the same procedure 

above (Fig 2 (a) and (b)). Extraction efficiency fixed when the amplitude was larger than 30 % 

for the six elements. For further experiments, the sonication amplitude of the probe was set at 

30 %. Because an increase in signification intensity will provide for an increase in the chemical 

reactions.  In addition, higher sonication amplitude generated effective cavitation in the liquid 

medium extraction takes place [13]. 

Effect of Sample Volume: 1-9 mL of hardaliye samples were subjected UAE procedure 

extraction with, 1 min sonication time and 30 % amplitude. Figure 3 (a) and (b) shows that the 

sample volume of Ca, Cu, Mg, Mn, and Na remains constant up to sample volume 3 mL.  

Effect of Extractant Type, Concentration and Volume: Metal extraction can be promoted 

by adding to the acidic strong reagents such as HCl and HNO3. The influence of acidic reagent 

type on metal extraction was studied for Ca, Cu, Mg, Mn, Na and Zn in the concentration range 

of 0.1-30 % (v/v). In HCl extraction, slightly change in the extraction efficiency observed 
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between 0.1 and 30 % (v/v) except for Mn and Zn. For a nitric acid extractant, maximum 

extraction is observed for Cu, Mg, Mn, Na and Zn for a 0.1-30 % (v/v).  

         

Fig 1a. Effect of sonication time for macro           Fig 1b. Effect of sonication time for micro 

(Ca, Mg, Na) element extraction             (Cu, Mn, Zn) element extraction  

 

       

Fig 2a. Effect of amplitude percentage for macro      Fig 2b. Effect of amplitude percentage for micro 

(Ca, Mg, Na) element extraction                                 (Cu, Mn, Zn) element extraction 

  

        

Fig 3a. Effect of sample volume for macro         Fig 3b. Effect of sample volume for micro 
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(Ca, Mg, Na) element extraction                          (Cu, Mn, Zn) element extraction  
In contrast, an increasing Ca extraction occurs in the range of 0.1-5 % (v/v). A 5 % (v/v) nitric 

acid concentration was chosen for subsequent extraction experiment since it has not damaged 

the tip of the probe. The concentrated reagent may be penetrated the titanium probe. The effect 

of extractant volume was also studied in the 1-5 mL range.  

Comparison of UAE Procedure with the Microwave-Assisted Extraction and Wet 

Extraction Procedures: The UAE procedure was compared with the conventional extraction 

procedures such as microwave-assisted extraction and wet extraction procedures. Ten samples 

were subjected to extraction and eight replicates were performed. Both extraction procedures 

one can say that good agreements for studied elements were found using UAE procedure. There 

was no certified hardaliye beverage available with respect to studied elements. Thus, matrix 

interference, precision, and accuracy were examined by analyte recovery tests. These 

experiments were carried out using 0.25, 0.50, 1.00, and 2.00 spiked samples due to matrix 

effects in the hardaliye samples. The results obtained for the spiked hardaliye samples 

recoveries were around 100 % and low standard deviation (precision). The comparison of Ca, 

Cu, Mg, Mn, Na and Zn concentrations in hardaliye samples with fruit juice and drinking water 

samples are shown in Table 6. In Our experiments, a significant increase in the Mn contents 

was verified, comparing to the fruit juice and drinking water samples. One of the major 

influential factors is the preparation of hardaliye samples by using non-standard processes. In 

addition, fermentation process also effects the metal concentration. However, the analysis of 

macro element contents was not exceeded the acceptable limit for drinking water and fruit juices 

according to USEPA and WHO standard [14,15]. 

Conclusion 

Ultrasound-assisted extraction procedure for the determination of  in the analysis of Ca, 

Cu, Mg, Mn, Na and Zn elements in hardaliye samples by using FAAS is useful for analysis of 

metal, and it can be considered as an alternative to other sample preparation procedures such as 

microwave-assisted extraction and wet extraction. This procedure avoids the use of high 

concentration and volume of extractant and time-consuming extraction of the hardaliye 

samples. In addition, this procedure described offers a simple, rapid, efficient and sensitive 

sample preparation procedure for the direct determination of macro and micro element in 

hardaliye samples by FAAS. 
Acknowledgements: The authors are grateful for the financial support of the Unit of the Scientific 

Research of Trakya University (TUBAP-2015-43).  
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P1-35 

Determination of Iron and Lead in Raw and Refined Canola Oil by           

FI-FAAS Use of a New Extraction System Based on Emulsion Breaking 
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*E-mail: n.topraksever@gmail.com 

 

Depending on the purpose of the analysis, pretreatment of oil sample can be difficult. In 

the oil analysis, even when appropriate spectrometric techniques are used, viscous oily organic 

materials cause some problems. Additionally, in the pretreatment of oil samples, different 

procedures used: such as dilution of organic solvent, transfer to the aqueous solution of analyte 

and emulsification method. Emulsification method can be ensured, transfer to the aqueous 

solution of the analyte by acidic surfactant solution, after oil in water emulsion [1]. 

Canola is an important plant as a source of vegetable oil in the world, its planting area, 

and yields have been increasing steadily. It is considered an important source of the healthiest 

edible oil, due to it is one of a kind of fatty acid profile that occurs of the low-level of saturated 

fat, moderate level of polyunsaturated fat and high level of mono-unsaturated fat [2,3]. 

In this work, a new extraction system by emulsion breaking has been developed for the 

determination of iron and lead in raw and refined canola oil before it’s the determination by 

using flow injection flame atomic absorption spectrometry (FI-FAAS). The optimization of the 

procedure was performed by investigating the influence of different parameters that could affect 

the extraction efficiency such as the sample volume, the concentrations of surfactant, emulsion 

breaking time and temperature for extraction. In addition, the flow injection conditions affecting 

the analytical performance of the method was also investigated. 

 
Keywords: Canola, Emulsion, FI-FAAS, Extraction, Metal 
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Preconcentration and Determination of Pb2+ and Zn2+ Metal Ions Using 

Cloud Point Extraction and Ultrasonic Nebulizer Combined Inductively 

Coupled Plasma Optic Emission Spectrometry  
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Environmental pollution has increased in conjunction with developing technology and 

industrialization nowadays. These pollutions not only the life of the human but also effect the 

life of all living creatures negatively. Urbanization, industrial development and heavy traffic 

conditions cause the pollution of the waters with heavy metals [1,3].   

In this work Pb2+ and Zn2+ ions in natural water samples were separated and 

preconcentrated from the sample with developed cloud point extraction method by ultrasonic 

nebulizer inductively coupled plasma optic emission spectrometry (USN-ICP-OES). 1,5-

diphenylthiocarbazone (dithizone) was used as complexing agent and (1,1,3,3-

Tetramethylbutyl)phenyl-polyethylene glycol (Triton X-114) was used as surfactant. Phase 

separation was observed at pH=7 and surfactant rich phase was diluted with 2 ml 2 M HNO3. 

Ligand concentration, surfactant concentration, pH, ionic strength, interferences, equilibration 

temperature and time parameters were optimized. Under optimized conditions enrichment 

factor were calculated for Pb2+ as 9.6 and for Zn2+ as 9.2 ; limit of detection were calculated for 

Pb2+ 0.012 and for Zn2+ 0.02 ng mL-1. The method was successfully applied to the analysis of 

natural water samples. 
 

Keywords: Cloud Point Extraction, Dithizone, Ultrasonic Nebulizer, ICP-OES, Heavy Metal 

Analysis, Natural Water Pollution 
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P1-37 

Adsorption and Preconcentration of Ni(II), Cd(II) and Pb(II) Ions by 

Silica Gel Functionalized with Pyromellitic dianhydride 
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Solid phase extraction (SPE) is one of the widely used preconcentration technique and 

based on the transfer of analytes from liquid phase to solid support material [1,2]. 

In this study, pyromellitic dianhyclride bonded silica gel (PMDA-SG) was synthesized. 

Column solid phase extraction of Ni(II), Cd(II) and Pb(II) ions using the modified silica gel 

was investigated. The effective factors such as pH of sample solution, type and concentration 

of eluent solution, flow rate and volume of sample solution, and presence of matrix ions in 

sample solution were studied by using solid phase extraction method. According to the 

results, the optimum conditions were found to be pH 7.0, 1 M HN03 eluent and 5 mL/min. 

flow rate. Atomic absorption spectrometry was used for the determination the metal levels. 

This method was applied to certified reference materials and a variety of water samples. In 

addition, the batch method was studied to investigate the adsorption of Ni(II), Cd(II), and 

Pb(II) ions. For this purpose at pH 5.5, effect of contact time and initial metal concentration 

were examined, and their adsorption equilibrium and kinetics were analyzed. 
 

Keywords:  Solid Phase Extraction,  Preconcentration,  Modified  Silica Gel, Pyromellitic  

Dianhydride (PMDA) 
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Heavy metals that are toxic at high concentrations accumulate and harm directly to 

aquatic living organisms and to indirectly human beings [1]. Hence their determination in 

waters is very important to monitoring their levels. Flame atomic absorption spectrometry is 

widely used due to ease of usage and cheapness for the determination of metal levels in several 

samples. But in many case, a separation and preconcentration of analytes are required prior to 

the measurement, especially in case of low level of the analytes and matrix of samples. Column 

solid phase extraction (SPE) is commonly preferred technique for its leading properties such as 

uncomplicated nature, low cost, high recovery, selectivity and enrichment factor [2,3].  The 

success of SPE is also closely associated with the kind and features of the used solid phase as 

sorbent [4].  The chelating resins have been preferred as solid phase in various SPE processes 

due to having the characteristics expected from a good sorbent like chemical stability, large 

surface area, high selectivity and high enrichment factor [5]. In this study, an extraction-

preconcentration process was developed for Ni(II) and Cu(II) ions by using a salicylaldehyde 

modified polyamine polyurea resin as solid phase. Determination of these ions was carried out 

with flame atomic absorption spectrometer. The process was optimized based on analytical 

parameters such as pH, eluent type, concentration, flow rate and volume, sample volume, flow 

rate of sample solution and matrix ions. The accuracy and precision of the method was validated 

by using a standard reference material, trace element fortified water sample (TMDA-54.4). The 

optimized solid phase extraction method was used for determination of Ni(II) and Cu(II) levels 

in various environmental water samples. 
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Metallic nickel and compounds are used in manifold industrial and commercial 

applications such as stainless steel and other nickel alloys, electroplating, foundries, catalysts, 

batteries, electronics, ceramics, pigments, and coinage. The main exposure route for nickel in 

the general population is food with an average daily nickel intake of about 0.1–0.3 mg. In 

contrast, Ni(II) uptake by inhalation is below 0.8 µg day−1 for non-smoking urban residents 

[1-2]. 

A new, dispersive liquid–liquid microextraction (DLLME) procedure has been 

optimized for the preconcentration of trace amounts of Ni(II) as a prior step to its determination 

by flame atomic absorption spectrometry (FAAS). It is based on the microextraction of nickel, 

where appropriate amounts of the extraction solvent (CHCl3), disperser solvent (ethanol) and 

the chelating agent which named as 2-methyl-5-[(E)-(5-methylisoxazol-3-yl)diazenyl]quinolin-

8-ol (MMD) were firstly synthesized/characterized and used. Various parameters that affect the 

extraction procedure such as pH, centrifugation rate and time, the chelating agent (MMD) 

concentration and sampling volume on the recovery of Ni(II) were investigated. The limit of 

detection (3s/b) obtained under optimal conditions was 1.00 µg L-1. The relative standard 

deviation for certified reference material determinations was 1.2 %. The accuracy of the method 

was verified by the determination of Ni(II) in certified reference material of wastewater, (BRC-

CRM403). The proposed procedure was successfully applied to the determination of Ni(II) in 

some cosmetics samples. 

 

Figure 1. The reaction scheme of the chelating agent (MMD). 

Keywords: Cadmium, Nickel, Microextraction, Chelating reagent, Food and Make-up product, FAAS 
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Solid phase extraction is one of the most widely used sample pretreatment techniques 

mainly due to the variety of different materials employed as sorbents. The new materials as 

adsorbent in sample preparation are required to obtain more selective materials with higher 

adsorption capacity. The solid phase extractants are distinguished by fast kinetic properties, as 

well as by the simplicity of their preparation. Nanoscale carbon-based materials, such as 

fullerenes, nanodiamond, carbon nanofiber, carbon nanotubes, and graphene/graphene oxide 

have attracted great interest as powerful solid phase extraction materials because of their 

attractive physical and chemical properties. Due to the ultrahigh specific areas and increasing 

surface activities they show high adsorption speed and capacity. As an important member of 

the carbon family, carbon nanospheres (CNSs) have attracted considerable attention. Ionic 

liquids (ILs) are salts formed by organic cations and inorganic or organic anions. ILs have many 

unique physicochemical properties, such as low vapor pressure, good thermal stability, high 

conductivity, wide range of viscosities and miscibility with water and organic solvents. The use 

as adsorbent of IL modified materials significantly affects the enrichment factor, extraction 

efficiency and selectivity, since the prepared material combines the advantages of IL and solid 

support [1-3].  

In this work, CNSs, a new kind of IL (1,8-naphthalene monoimide bearing imidazolium 

salt) and IL coated carbon nanospheres were synthesized and characterized. The IL coated 

CNSs were used as an adsorbent for the solid phase extraction of copper and lead from various 

samples. The determination of analytes was made by FAAS. Various parameters were 

optimized. The pH was found to be 6. The preconcentration factor and adsorption capacity of 

the method were found to be 300-fold and  60 mg g-1 for copper and 300-fold and 50.3 mg g-1 

for lead, respectively. The copper and lead were easily adsorbed and desorbed from the 

adsorbent without vortexing/shaking. The accuracy of the developed method was confirmed by 

analyzing certified reference materials and by spiking sea water, wastewater, street dust and 

spice samples. 
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Recently, hetero-structured nanocomposites have received attention due to their new 

physicochemical properties compared with their single component analogues. Among various 

nanomaterials, metal-organic frameworks (MOFs), which are a new type of porous crystalline 

materials that are fabricated by linking metal ions or clusters and organic molecules by strong 

bonds, have attracted significant attention due to their larger specific surface areas, easy 

separation, higher porosity, diversity of structures and functions. They can contain many 

different functional groups which make them useful for a variety of applications such as gas 

separation and storage, catalysis, energy storage, sensors, pollutant removal and biomedicine. 

MOFs are especially useful adsorbents for the removal of hazardous materials [1-2].  

In this study, a porous zirconium metal−organic framework (MOF-545) adsorbent was 

synthesized and characterized. The MOF-545 was used for the first time as an effective 

adsorbent for the separation/preconcentration of the lead ions in various samples prior to 

detection. The pH, amount of adsorbent, adsorption and elution contact times, centrifugation 

rate and time, eluent type, volume and concentration, sample volume, and interfering ions were 

examined. Optimum pH was found to be 7. A vortexing time of 15 min was selected as contact 

time. Only ten milligrams of MOF-545 was enough for adsorption. The centrifuge speed and 

time were found to be 4000 rpm and 5 min, respectively. The eluent was 2 mL of 1 mol L-1 

HCl. The preconcentration factor of the method was found to be 88. 
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The reliable characterization of major and trace elements content in Bulgarian Royal 

Jellies could be accepted as a possibility to detect adulterations of this relatively expensive 

product. Although Royal Jelly (RJ) is important product from a commercial point of view, there 

are relatively limited researches in this area. Analysis of RJs from different geographical 

regions is important from both view point –to define essential elements content, which ensures 

health benefits and to confirm potential absence of toxic elements which could have hard 

adverse effects on humans. 

The purpose of the present study was to quantify a number of major and trace chemical 

elements in various RJ samples from Bulgaria. The analyses are focused on the determination 

of essential elements like K, P, Ca, Mg, Na, Fe, Zn and toxic elements such as As, Pb, Cd, Co 

and Ni. Results obtained will be discussed in the light of suggestion that RJ is a form of lactation 

on the insect level and shows homeostatic adjustments of chemical elements content. 
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Wine is relatively “easy” for adulteration product and “difficult” for authenticity and 

origin certification. The chemical composition of wine depends on many factors, some of which 

are related to the specific production area. This complex picture makes the choice of 

methodological approach for wine identification and confirmation of its authenticity and origin 

quite problematic. The efforts are focused to choose suitable descriptors, which allow obtaining 

of maximum reliable identification. In respect of mineral content it is proven: highest number 

of elements determination is not quite effective. Contrariwise the ratios Mg/Rb, K/Rb, Ca/Sr 

give much more reliable information about geographical origin. The purpose of the present 

work is to choose the most suitable descriptors for chemical elements (including identification 

of elements, concentration ratios of element and isotope ratios) for identification of varietal and 

geographical origin of Bulgarian wines. In order to investigate elements migration in the system 

soil-grape-wine experiments were carried out with model wines with definite varietal origin 

and definite production technology. Elements, which were determined in wine samples, were 

also determined in soil extracts from Rhizosphere area in order to obtain information about the 

bioavailable fraction of elements which pass on from soil to grape vine. The same elements 

were quantified in vine leaves in order to separate the influence of aerosol from the soil 

phytoavailability on chemical elements content. In addition desired elements were determined 

in each technological step through winemaking process. By this way there were defined the 

changes of elements’ concentrations during the winemaking process and influence of different 

clarifying procedures and agents on additional redistribution of elements from initial must to 

final wine product. 
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Honey as a naturally-produced liquid from the nectar of plants by honey bees, Apis 

Mellifera, consists of carbohydrate-based components, water, proteins, organic acids, and 

vitamins. 

Although mineral content of honey is only around 0.1%, the concentrations of metals vary 

considerably. As elemental composition is associated with the geographic origin where 

melliferous flora grows it has been used in authentication. On the other hand, the mineral 

content has been used as a quality assessment. Finally, the metal content of honey has been 

utilized in environmental monitoring. Consequently, the reliable determination of trace 

elements in honey is important in terms of nutrition, toxicology, quality control, and 

environmental monitoring.  

Trace element determination in honey mostly requires previous digestion of sample 

prior to analysis using sensitive instruments. The thermal treatment and aqueous dilution 

procedures lead to deterioration in method detection limit and precision also to increased cost 

and environmental waste.   

This study describes simple and fast analysis of honey samples omitting thermal 

treatment procedure by ICP-MS using aerosol dilution approach.  
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Airborne particles carry various organic and inorganic pollutants and have been of 

considerable environmental interest due to their impacts on environment and human health. It 

affects also materials, soil, plants, aquatic life and visibility. As volcanic activities and storms 

are major sources of natural atmospheric particles, fossil fuels, urban waste and other industrial 

activities constitute anthropogenic sources. 

Wet and dry deposition is considered to be one of main process removing pollutants 

from the atmosphere. Despite public concerns, knowledge of metal deposition from the 

atmosphere through atmospheric particles remains scarce. 

This study deals with the analysis of atmospheric particles collected through dry 

deposition in Çankırı city center. Analysis is based on the extraction of heavy metals from 

particulate matter and elemental determination using inductively coupled plasma mass 

spectrometry (ICP-MS).  
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Selenium is an essential element for animals and human. It has anticancer and 

antioxidant properties. Low Se content of water and soil in European Countries and Turkey 

leads to health problems arising from low Se levels in human and animals. The productions of 

Se-enriched vegetables such as garlic, broccoli, cabbage and the sales of Se-supplements have 

become widespread to eliminate Se deficiency in humans.  

Parsley (Petroselinum crispum) is widely used in Asian, European and American 

cuisine and a good candidate to produce a Se-rich food. It may be consumed either raw or 

cooked.  

The present study consists of growing of plants in pots and enrichment via foliar 

application of selenium. Efficiency of diverse forms of Se, selenite and selenate, will be 

assessed in assimilation of selenium in parsley. Se content will be determined after acidic 

digestion of samples followed by ICP-MS analysis.  
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Water quality is an essential requirement to the environment and human health. Ground 

water consists of elements present at ultra-trace to high ppm levels in dissolved state depending 

on the geological environment. Drinking of water with toxic metals at high levels or for long 

term may cause various health effects to the human and other livings. Ground water pollution 

is an important problem in worldwide since it is consumed by human and animals and used in 

agriculture. Soil erosion, the reach of industrial and municipal waste into the underground and 

other activities contaminate the water.  

In this study 22 samples were collected in various villages of Çankırı where most of 

them are used for drinking by animals and human beings. The element levels were determined 

by ICPMS. The results showed that some element concentrations were higher than the drinking 

water quality standards given by World Health Organization (WHO). ICP-MS multi-element 

fingerprinting should find a more routine use to for assessment of water quality and temporal 

variations in element levels especially for toxic ones. 
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The soil is a dynamic system that undergoes gradual changes in response to changes in 

environmental factors. Soil formation is the process by which a thin surface layer of soil 

develops on weathered rock material [1]. Weathering can be chemically defined as the process 

of dissolution, hydration, oxidation, reduction and carbonation. Chemical weathering brings 

about the destruction of parent materials and to the passing of the elements from the minerals 

into solutions [2]. The aim of this study is to determine the content of Co, Cr, Ni and Zn in the 

soil formed on various geological materials between Çanakkale and Çan district (Turkey). For 

this purpose eleven samples in total were taken from the soil surface (0-20 cm depth) formed 

on the igneous rocks. Geological facies range from alterated andezite to kaolinite. These are; 

andesite-kaolinited tuff, andesite (andesite together basalt), andesited tuff (fertric and zeolite), 

basalt, kaolinite formed by alteration of riyolite and andesite, alteration with iron, kaolinite 

mine (kaolinited tuff), andesited aglomera, over coal (kaolinited alteration), andesited tuff, 

serpentined ophiolite. The total trace metal contents of soil samples were determined through 

using the aqua regia digestion (HCl/HNO3, volume ratio of 1/3) procedure [3]. The 

concentrations of trace metals were determined by means of a flame atomic absorption 

spectrometer (Analytic Jena Model novAA-350) equipped with a hollow cathode lamp. Data 

accuracy was assessed by a certified reference material (NIM-GBW07425, soil) and 

considering all metals, recoveries were found to be satisfactory. The results indicated that the 

highest levels of Co, Cr and Ni were determined as 143 mg kg-1, 1289.8 mg kg-1 and 944.6 mg 

kg-1 on the serpentined ophiolite, respectively. In other sampling parts, Co was found between 

14.3 and 61.2 mg kg-1, Cr is found between 25.5 and 131.5 mg kg-1 and lastly Ni was found 

between 3.0 and 34.5 mg kg-1. The highest Zn values formed on andesite. The soil forming on 

the andesite-basalt togetherness and the kaolinited tuff was found as 81 mg kg-1 and 77 mg kg-

1 for Zn. 
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Growing interest on the complementary and alternative medicine raises the concerns 

related with exposure to contaminants such as heavy metals. Contamination of the herbal 

materials with toxic metals can be attributed to many sources. Environmental pollution 

contributes to the problem mostly during the cultivation/growth (e.g. emissions from industry, 

vehicles, contaminated water sources and soil); however, various manufacturing processes (e.g. 

grinding) also lead to contamination of the products. Presence of potentially toxic metals 

necessitates use of versatile analytical methods. In multi-element analysis, inductively coupled 

plasma mass spectrometry (ICP-MS) has become a method-of-choice with its low limit of 

detection and wide linear dynamic range.   

The aim of our study was to simultaneously determine total concentrations of 29 toxic, 

essential and some other elements in different types of commercially available linden samples. 

A systematical sampling was followed (n=60), i.e. 5 different types (tea bags, packed flowers, 

unpacked flowers, packed leaves, unpacked leaves), each consisting of 12 samples were 

collected.  Samples were homogenized using an agate mortar and pestle, and then digested in 

HNO3 and H2O2 with microwave digestion system. ICP-MS was used for determination of 

following elements (and isotopes): lithium(7Li), beryllium(9Be), sodium(23Na), 

magnesium(26Mg), aluminum(27Al), potassium(39K), calcium(43Ca), vanadium(51V), 

chromium(52Cr), manganese(55Mn), iron(57Fe), cobalt(59Co), nickel(60Ni), copper(63Cu), 

zinc(66Zn), gallium(69Ga), arsenic(75As), selenium (78Se), rubidium(85Rb), strontium(88Sr), 

silver(107Ag), cadmium(111Cd), tin(118Sn), antimony(121Sb), tellurium(125Te), barium(137Ba), 

mercury(202Hg), thallium(205Tl) and lead(208Pb).  

The results have shown that concentrations of some elements (e.g. Li, Al, K, V, Cr, Fe, 

As, Ag, Cd, Sb, Te, Hg, Pb) - mostly in tea bags- were statistically different as compared with 

other sample types. It is essential to note that while some elements may be beneficial, excessive 

use of herbal products may result in an increase of total concentration of toxic elements 

exposed. Current findings highlight the importance of safe use and verification of 

manufacturing steps.  
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The use of natural products and particularly herbal materials for treating diseases has 

probably been as early as the history of human being. Globally, many herbal materials such as 

Salvia species are in common use. It is essential that use of herbal materials must meet the 

criteria of both safety and efficacy. For necessary protection of the patient/consumer, quality 

should be controlled as strictly and systematically as possible. Salvia fruticosa Mill. is a 

naturally grown species in Mediterranean region, used mainly as infusion or decoction for 

mucosal inflammations and infections especially of the mouth and throat as well as for some 

digestive disorders.  
In this study, samples of S. fruticosa (n=10) were collected from Hatay and Antalya, 

Turkey. ICP-MS was used for simultaneous determination of some toxic trace elements (Al, 

Ni, As, Cd, Pb). The results showed that Pb levels were not generally above recommendations 

of World Health Organization. However,  for most of the samples a regional impact may appear 

especially with regard to Al. Therefore, ICP-MS multi-element fingerprinting should find more 

routine use in the evaluation of herbal material quality. 
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Heavy metals determination of ultra trace concentration in environmental and food 

samples is important. Some heavy metals such as Cd(II) ions have toxic properties even at trace 

levels. 

Flame atomic absorption spectrometry (FAAS) is one of the most extensively used 

techniques for the determination of various elements with significant precision and accuracy. 

However, there are many difficulties in trace determination of heavy metals in environmental 

samples due to insufficient sensitivity. Metals can be determined at trace levels by addition of 

preconcentration and Flow Injection Analysis (FIA) systems to the analytical process. 

FIA systems allow inexpensive automation of chemical analysis [1]. Moreover, it works 

in a closed system with a significant reduction of airborne contamination and a fairly high 

sampling frequency [2]. In FIA experiments, a known sample volume is injected into a flowing 

stream solution. FIA systems consist of pumps, an injection valve, a mini column, and a detector 

[3]. Several flow injection analyses applications have been described in the literature [4]. 

In this study, as a preconcentration adsorbent, we used composite polymers such as 

chitosan, pumice-chitosan, and carbonnanotube-chitosan beads. Optimization of adsorption and 

desorption studies were done by batch studies. Highest adsorption and desorption values were 

obtained by using pumice-chitosan beads. Adsorption capacities for Cd(II) ions were calculated 

as 0.41 mg g-1 respectively. Cd(II) ions were eluted from the column via 0.1 M EDTA and 

determination of Cd(II) ions were done by using flame AAS. The optimum experimental 

conditions (loading time, eluent concentration, flow rate, effect of pH,) were also investigated. 
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Abstract 

In this study, 100 pieces in a variety of animal feeds like beef cattle feed, small ruminant 

feed, poultry feed, mixed feed and feed ingredients were randomly collected from different feed 

mills and feed sales shop located in Kocaeli, Sakarya, and Yalova provinces. The elements of 

Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Na, Ni, P, Pb, Se, Sn, and Zn were examined 

in animal feeds and feed additives by using inductively coupled plasma mass spectrometer 

(ICP-MS). Microwave digestion procedure was used to digest the sample matrices and the 

consequent digests were subjected to the by inductively coupled plasma mass spectrometer 

(ICP-MS). The digestion of animal feed samples was carried out with concentrated nitric acid 

and hydrogen peroxide (3:1) with the help of microwave heating. The concentrations of macro 

and micro element in animal feed samples were found to be 47-64, 2.8-6.9, 0.039-0.067, 0.156-

0.38, 0.035-1.3, 14-22, 40-85, 1.9-4.1, 0.047-0.18, 224-357, 42, 92 mg kg-1 for aluminum, 

barium, cadmium, cobalt, chromium, copper, manganese, nickel, lead, selenium, zinc and 

0.028-7.2, 0.33-0.36, 23-48, 1.8-4.6, 1.4-4.4, 0.27-0.43 g/100g for calcium, iron, potassium, 

magnesium, sodium and phosphor. High macro element accumulation levels in the samples 

were found in small cattle feed and micro accumulation levels were determined in mixed feed 

samples.  

 
Keywords: Animal Feed, Element, ICP-MS, Risk Assessment, Livestock Feed 

 

Introduction 

Heavy metal pollution caused by industrialization is a serious problem for the whole 

world. Metals have proven to accumulate in soil, water, and air. When animals eat contaminated 

feed, harmful substance (such as; pesticide, heavy metal, and aflatoxin) are taken into the 

human body from milk, meat and egg products. Animal foods are an important part of human 

diet word wide because they contain healthy food protein. Thus, the animal feeds that are eaten 

are essential determinants of the healthy and quality of human diet [1]. However, all elements 

present in different types of animal feeds at elevated level can cause several adverse health 

problems to animal [2]. For example, some elements such as Cd, Pb, Zn and Cu in the poultry 

feeds are both important due to their essential function and toxic due to the deleterious effect 

on poultry which may accumulate particularly in the liver and kidney [2]. That’s why animal 

feeds should be kept under control for human health [3]. Trace element contaminant in animal 

feed causes a hazard to both animal health and human food safety [4]. 

The management of animal feed safety risks using a risk management framework begins 

with identifying and quantifying the presence of hazards. For animal feed, insufficient 

information exists about the presence of heavy metal in feed ingredients, premixes, and finished 

the feed. That’s why macro and micro elements must be restricted in the diet at the adequate 

levels in order to achieve the best response and to offer protection for the consumers. For the 

safety of both, dietary maximum tolerable levels of these elements have been provided which 

is serving as guidelines to control the quality of different types of animal feeds.  
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  Many atomic spectroscopic techniques such as flame atomic absorption spectrometry 

(FAAS), graphite furnace spectrometry (GFAAS), inductively coupled plasma optical emission 

or mass spectrometry (ICP-OES or ICP-MS) have been widely used for the quantitative analysis 

of macro and micro elements concentration in different types of animal feed products. [5, 6, 7, 

8]. One of the most important advantages of the ICP-MS is more sensitive, higher selectivity 

and accuracy in complicated matrices than ICP-OES and FAAS spectrometry. Moreover, it has 

a much larger dynamic range and greater multi-element capability than graphite furnace atomic 

absorption spectrometry (GF-AAS). 

 The elemental analysis of animal feed products typically requires acid digestion for the 

reduction of matrix interference and sample decomposition prior to the determination by atomic 

spectrometric techniques. Conventional wet digestion methods performed by using hot plate 

requires high boiling point acid mixtures and long reaction times. In dry digestion methods also 

required high boiling points and longer reaction times. After dry and wet digestion methods, 

filtration is required which cause sample loss and contamination [9]. The possible advantages 

of microwave digestion extraction method is as follow: simplicity, reduce the risk of sample 

contamination, reagent use, losses from evaporation and sample preparation times [10, 11]. 

Additionally, the elevated temperature increases the oxidizing power of mineral acid and 

provides the higher decomposition of matrix components [9].  

 In the current study, different types of animal feeds were determined by ICP-MS 

technique after microwave digestion procedure.   

 

Materials&Methods  

Instruments and apparatus: An Agilent 7700 ICP-MS measurement was performed for 

simultaneous multi-element detection of the macro, micro and toxic element.  Aqueous 

solutions were introduced to the nebulizer spray chamber by an ASX-500 autosampler which 

was also used to reduce detection time and sample volume. A MARSXpress microwave 

digestion system (CEM Corporation, Matthews, North Carolina) was used for digestion of 

animal feed samples. A Waring 1200 blender was used for homogenization of samples.  

Reagents: All solutions were prepared with analytical reagent ultra-pure grade. Argon 

and helium purity was higher than 99.999 %. Water was purified with the multi-stage process 

from an ELGA system. To optimize the performance (torch alignment, RF power, and nebulizer 

flow rate, suitable ion lens voltage for maximal signal) of ICP-MS before use, capable of 

covering a wide range of masses (1 µg L-1 of Ce, Co, Li, Mg, Tl and Y in a matrix of 2% HNO3 

(w/v)) was purchased from Agilent Technologies (Santa Monica, CA, USA).  Suprapur® HNO3 

65%, H2O2 %30, and a stock standard solution containing 1000 mg/L of each element was 

purchased from Merck (Darmstadt, Germany). The multi-element calibration solutions were 

prepared at different levels (range from 0,5 μg/L to 2000 μg/L) from 1000 mg/L single element 

ICP-MS certipur standard, traceable to SRM from NIST, were purchased from Merck 

KGaA (Germany). 

Sampling: A total of 68 feed samples was collected from feed mills and from their 

outlets in three different areas (Kocaeli, Sakarya, and Yalova) Turkey. The feed samples 

divided into five groups: poultry, beef cattle, small ruminant, mixed feed, and feed additive.  

For the beef cattle feed samples, 17 feed materials were the collection. For the poultry feed 

samples, 5 feed materials were the collection. For the small ruminant feed samples, 4 feed 

materials were the collection. For the mixed feed, 29 sample materials were the collection. For 

feed additive materials, the total of 13 sample was the collection. Choice of groups is settled on 

the typical animal species feed on commercial feed. A subsample of 500 g of each sample taken 

was ground to particle sizes lower than 1mm. Then, homogenized materials were packed in 

polyethylene bags and stored away from light at +4 oC until analysis.  
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Sample treatment: The total concentrations of Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, 

K, Mg, Mn, Na, Ni, P, Pb, Se, Sn and Zn elements were determined by using after microwave 

digestion system. 1 g animal feed, mixed feed, and feed additive samples were transferred to 

teflon bomb and 6 mL of %65 HNO3 and 2 mL of %30 H2O2 were added. After digestion, the 

final volume was made up 50 mL in a volumetric flask with ultrapure water. The final solutions 

were analyzed for studied elements by inductively coupled plasma mass spectrometer [12]. 

 

Results&Discussion 

The concentrations of macro and micro elements were determined in animal feeds and 

feed additives after microwave digestion followed by ICP-MS measurements. The results of all 

analyzed animal feed and feed additives samples for Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, 

Mg, Mn, Na, Ni, P, Pb, Se, Sn, and Zn are shown in Table 1 and 2.  

 

Table 1. Micro element concentrations (mg kg -1) of animal feeds and feed additives. 

Element Feed additives 

(n=13) 

Beef cattle   

(n=17) 

Small ruminant  

(n=4) 

Poultry  

(n=5) 

Mixed  

(n=29) 

Al  61±16 55±10 48±2 47±4 64±14 

As  nd nd nd nd nd 

Ba 2.8±0.9 3.7±1.1 6.9±0.1 3.2±0.7 4.6±1.9 

Cd  0.044±0.017 0.042±0.005 0.039±0.005 0.067±0.004 0.063±0.047 

Co 0.16±0.05 0.15±0.05 0.18±0.05 0.38±0.09 0.22±0.08 

Cr 0.37±0.12 0.35±0.08 0.35±0.02 1.3±0.4 0.48±0.16 

Cu 21±6 15±4 14±3 22±4 17±6 

Fe* 0.36±0.08 0.35±0.05 0.33±0.02 0.35±0.04 0.34±0.06 

Hg nd nd nd nd nd 

Mn 40±7 75±14 85±2 43±10 49±16 

Ni 4.1±1.8 2.8±0.5 2.6±0.1 1.9±0.3 2.7±0.8 

Pb 0.050±0.013 0.085±0.005 0.18±0.03 0.060±0.009 0.047±0.013 

Se 224±29 357±29 252±11 281±22 225±42 

Sn nd nd nd nd nd 

Zn 49±12 42±7 45±4 92±6 61±15 

nd: below the limit of detection 

*g/100g 

 

Table 2. Macro element concentrations (g/100g) of animal feeds and feed additives. 

Element Feed additives 

(n=13) 

Beef cattle 

(n=17) 

Small ruminant 

(n=4) 

Poultry 

 (n=5) 

Mixed 

(n=29) 

Ca 0.028±0.006 0.070±0.014 7.2±0.2 0.070±0.007 0.11±0.04 

K 48±9 28±5 23±1 25±7 27±5 

Mg 4.6±1.1 3.3±0.3 3.7±0.5 1.8±0.2 3.1±0.9 

Na nd. 3.3±0.8 4.4±0.3 1.4±0.1 2.4±1.2 

P 0.43±0.12 0.31±0.04 0.37±0.02 0.27±0.05 0.29±0.06 

nd: below the limit of detection 

 

In the most analyzed animal feed and feed additive samples, the amount of the analyzed 

elements was found to be good agreement with the maximum tolerable level of National 

Research Council (NRC), The European Commission Regulation (EU) and Turkish Animal 

Feed Codex (TAFC) [13, 14, 15, 16]. Great variation for Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, 

Mg, Mn, Na, Ni, P, Pb, Se, and Zn was observed among the animal feed and feed additives 

samples. Animal feeds and feed additives are made from a variety of agricultural crops. 
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Additionally, they have complicated compositions, which introduce great discussions for feed 

analysis. Animal feed and feed additives generally contain lipid, protein as well as supplemental 

vitamins, minerals and antibiotics. The cellulose, protein, ash and moisture content (%) of 

animal feed and feed additive is given in Table 3. Limits of detection calculating to the 3 s 

criterion were 16.5, 51.9, 4.8, 10.3, 4.3, 8.5, 12.3, 36.7, 12.3, 0.97, 79.7, 46.4, 0.40, 199.8, 3.8, 

129.6, 78.0, 578.4, 752. 5 µg L-1 for Al, As, Ba, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Zn, Ca, Fe, 

K, Mg, Na, and P, respectively.  

 

Table 3. Cellulose, protein, ash and moisture content (%) of animal feeds and feed additives. 

 Cellulose (%) Protein (%) Ash (%) Moisture (%) 

Feed additives (n=13) 14±9 41±6 7.1±0.7 8.8±1.4 

beef cattle (n=17) 12±5 17±3 10±3 10±1 

Small ruminant (n=4) 14±1 17±4 13±2 10±1 

Poultry (n=5) 2.4±0.3 21±3 6.8±3.5 8.6±1.1 

Mixed feed (n=29) 11±4 17±3 7.9±1.9 8.6±1.7 

 

Conclusion 

Quantitative analysis of macro and micro elements in animal feed products like beef 

cattle feed, small ruminant feed, poultry feed, mixed feed and feed additives by using 

inductively coupled plasma mass spectroscopy technology after microwave digestion was 

demonstrated in this work. Microwave digestion procedure for the determination of Al, As, Ba, 

Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Na, Ni, P, Pb, Se, Sn and Zn in animal feeds and feed 

additive samples by using ICP-MS is useful, simple and sensitive for routine analysis and it can 

be considered excellent sample preparation procedure.  
Acknowledgements: The authors are grateful for the financial support of the Unit of the Scientific 

Research of Trakya University (TUBAP-2010-177).  
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Heavy metal pollution occurs globally in water. Rising demands for clean water with 

extremely low levels of heavy metals make it greatly important to develop various efficient 

technologies for heavy metal removal. Recent research indicated that humic acid (HA) has high 

affinity to Fe3O4 nanoparticles, and sorption of HA on the Fe3O4 nanoparticles enhanced the 

stability of nano dispersions by preventing their aggregation [1].  Humic acid is generally 

characterized by a dark brown to black color. It is an odorless, colloidal poly dispersed 

substance, and assumed to be hydrophilic and acidic in nature [2]. The capacity to bind metal 

ions is one of the most important physicochemical properties of humic substances (HS). This 

property is mainly attributed to the large content of oxygenated reactive functional groups of 

HS, which include carboxylic, phenolic, alcoholic, and enolic hydroxyl groups, and carbonyl 

functionalities of various types [3].   

The aim of this work is to find the removal percentage of copper and cadmium ions 

from water samples using synthesized Fe3O4/HA/Ag multifunctional composite structure. For 

the synthesis of the structure co-precipitation process was used in a basic medium. Synthesis 

was made in air atmosphere and particles were dried in 60 0C. Characterization of particles was 

made with Scanning Electron Microscope (SEM) combined with EDX mode. Zeta Potential 

and Dynamic Light Scattering (DLS) analysis was made to support SEM image and to find the 

mean diameter of the particles. Heavy metal adsorption was carried out using Atomic 

Absorption Spectrometer (AAS). The concentration of magnetic adsorbent was fixed at 20 mg 

particle/25 mL solution. Unless otherwise specified, the adsorption experiments were 

performed in aqueous solution at pH 9. Solution concentration ranged between 0.5 to 2 ppm. 

As a result removal percentage of copper and cadmium was found 92% and 97%, respectively.  

 
Keywords: Adsorption, Heavy Metals, Humic Acid, Nanoparticles.  
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 This work describes the determination of S in some nuts and dried fruits using a High 

Resolution Continuum Source Electrothermal Atomic Absorption Spectrometer (HR-CS ET 

AAS). The two rotational molecular of CS at 257.959 nm and 258.056 nm were simultaneously 

evaluated.  Sulfur was determined in a W coated graphite tube/platform at the two wavelengths 

mentioned above using thiourea as a calibrant, Pd/citric acid as a matrix modifier and applying 

a pyrolysis temperature of 800 °C and a molecule forming (vaporization) temperature of 2200 

°C. 

 The calibration curve prepared from thiourea was linear up to 2500 ng of S.  The limit 

of detection and characteristic mass of the method were 21.6 ng and 7.4 ng of S, respectively. 

The accuracy of the method was tested by analyzing certified reference spinach, milk powder, 

tea samples applying linear calibration technique prepared from thiourea aqueous standard.  The 

results were in good agreement with the certified values.  
 

Keywords: Sulfur, Nuts, Dried Fruits, Molecular Absorption, High-Resolution Continuum Source 

Electrothermal Atomic Absorption Spectrometer 
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Polymers have been widely used in metal removal studies due to have high removal capacity 

via many different functional groups [1]. They are also thermal stable and environmentally safe 

materials. Nano/micro particle-polymer hybrid materials have been recently used for the 

removal of toxic metals from wastewater. Fe3O4 is one of the used particles due to small size, 

high surface area, easy separation and reusability features of these nanoparticles [2]. Hybrid 

materials are useful in multiple fields via high physical, chemical and mechanical properties 

[3].   

 

Acrylamide as a monomer and triazine compound as a copolymer agent was used in the present 

study. Fe3O4 particles were synthesized and added to the polymerization media. The 

polymerization was carried out by photo initiation radical polymerization method. After 

synthesis, the obtained acrylamide-triazine polymer was washed with double distilled water and 

vacuum drying at 25°C. The As(V) metal ion solutions were prepared by using ICP standard 

solution with double distilled deionized water. The experiments were carried out by adding 0.25 

g Fe3O4 embedded polymer with rotary shaker. The heavy metal concentrations in treated 

solutions were analyzed in ICP-OES.  

 

According to the results, the removal percentage was 100% at pH 2.5 under the conditions of 

contact time 150 min, agitation rate 150 rpm, temperature 25°C, initial As(V) ion concentration 

2.5 mg/L, and polymer dosage 0.25 g. 
 

 

Keywords: Polymer, Fe3O4, arsenic, acrylamide, triazine 
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Lead is a well-known highly toxic metal considered as a priority pollutant [1]. Among 

the heavy metals, lead is one of the major pollution sources which are discharged into the 

environment from metal finishing, ceramics, pulp, lead smelters, electroplating, mining and 

battery manufacturing industries [2].  The presence of high levels of lead in the environment 

may cause long-term health risks to humans and ecosystems. Therefore, it is necessary to 

remove the lead ions before they are released into the environment. 

Fig (Ficus carica L.) is among the oldest fruits and is known to manhood from ancient 

times. F. carica L. (common fig), belonging to the Moraceae family, is a deciduous tree native 

to South-western Asia and the Eastern Mediterranean [3]. Figs are an important traditional crop 

in Turkey, due to the wide adaptability to the soil and climatic conditions [4]. 

Natural zeolites have been also known by their high ion-exchange capacity, relatively 

high specific surface areas and, more importantly, their relatively low prices [5]. The adsorptive 

properties of alginate based on the presence of carboxylic acid and hydroxyl functional groups 

that have a high affinity towards heavy metals. On the other hand, it is highly porous and allows 

an extended use of the surface [6]. 

In this study, fig leaves and zeolite were encapsulated into alginate beads to prepare a 

biocomposite for adsorption/biosorption of Pb(II) ions from aqueous solutions. Effects of 

various parameters on the adsorption process such as pH, temperature, initial lead concentration 

and contact time have been investigated. Under optimum conditions the amount of adsorbed 

lead per gram of adsorbent (qe) was found to be approximately 10mg/g. The obtained results 

have suggested that the prepared biosorbent is suitable for the removal of Pb(II) ions from 

aqueous solutions. 
 

Keywords: adsorption, lead, biosorbent, fig leaf, alginate 
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Heavy metal ions such as Pb2+, Cd2+, Cr6+, Hg2+, Cu2+, etc., are discharged into the 

environment from metal finishing, ceramics, pulp, lead smelters, electroplating, mining and 

battery manufacturing industries [1]. Water pollution caused by these heavy metal ions is 

extremely unsafe to the human beings, as they can penetrate into the human body through the 

food chain and thus cause cancer, central nervous system damage, lung damage, damage to the 

brain and eventually leads to death [2]. Therefore, the removal of toxic heavy metal 

contaminants from aqueous waste streams is currently one of the most important environmental 

issues being investigated.  

Numerous technologies have been studied for years to remove heavy metal ions which 

include chemical precipitation, ion-exchange,  adsorption,  electro coagulation, extraction and 

membrane separation. Solvent extraction process is one of the techniques for seperation and 

purification is widely used in recovery and seperation of metal ions from aqueous solutions. 

In this study, a new method which is more practical and more effective than other 

techniques is applied. This method resembles bulk liquid membrane system but shows a little 

difference. Actually it can be called as Multi Dropped Liquid Membrane System (MDLM). The 

advantages of this technique are as follows: simple construction, lack of moving parts, 

lightweight and portable, flexible in operation, high membrane capacity, high separation factor 

than mixer-settler. And this new method reduces operation time, risk of contamination, amounts 

of reagents used, generated waste. Because of these attractive advantages, the current 

experimental studies can be a great alternative and economical process in order to remove the 

heavy metal ions caused by heavy metal industries. 

The system has been applied for transport of U6+, Th4+, Zn2+, Mo6+ Cr6+, Pb2+,  Cu2+, 

Cd2+ and Fe3+ ions from aqueous solutions and successful results have been obtained. Suitable 

donor, extractant, acceptor solutions and working conditions have been determined for each 

metal ion. The MDLM system that used in the current experimental studies can be a great 

alternative and economical process in order to remove the heavy metal ions caused by heavy 

metal industries. 
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In this study, adsorption of Pt (IV) ions from containing chloride solutions by 1,3,5-

triazine pentaethylenhexamine (TAPEHA) polymer was investigated. The effective factors on 

the batch adsorption of Pt (IV) such as of acidity of aqueous phase, contact time, initial 

concentration and temperature were investigated and optimized. Concentration of Pt (IV) 

remaining in the solution after adsorption was measured using flame atomic absorption 

spectrometer and the adsorbed amount of Pt per gram of the polymer was calculated from 

difference of initial concentration and the final equilibrium concentration. 

Adsorption of Pt (IV) was found to be maximal at 0.1M hydronium concentration and 

Pt (IV) adsorption was decreased by increasing of hydronium concentration. It was found to be 

increasing of temperature was caused to decrease in adsorption of Pt (IV). The contact time was 

found to be effective for adsorption of Pt, increasing of the time increases the adsorption of Pt 

(IV) until equilibrium condition occurs and the time to reach equilibrium was found to be 24 

hours. Increasing of the initial concentration of Pt (IV) ions enhanced the adsorption until it 

reaches a saturation capacity of TAPEHA polymer. Pt (IV) adsorption kinetics was examined 

using kinetic models such as intra-particle diffusion model, pseudo first and second order 

equation and adsorption of Pt (IV) was found to be compatible with pseudo second order kinetic 

model. The equilibrium of Pt (IV) was investigated by using Langmuir and Freundlich 

equations. Adsorption isotherm of Pt (IV) is presented in Fig.1. Adsorption of Pt (IV) was found 

to be compatible with Langmuir equation providing an adsorption capacity of TAPEHA 909.1 

mg/g for Pt (IV). 

 

Fig.1. Adsorption isotherm of Pt (IV) by polyamine polymer 

Keywords: Adsorption, Platinum, Triazine-Polyamine Polymer, Chelating Resin 
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Hazelnut husk, an agricultural waste, was converted to activated carbon (AC) material 

by chemical activation using potassium acetate. The AC was characterized by FT-IR, SEM, N2 

adsorption-desorption experiments, C,H,N elemental analysis, and determination of moisture, 

ash and point of zero charge. Cu(II) adsorption ability of the AC from aqueous phase was tested 

batch-wise. Optimum pH and contact time were found to be 5.0 and 240 min, respectively. 

Adsorption equilibrium data were described well by Langmuir equation providing 105 mg g-1 

Cu(II) adsorption capacity. Pseudo second order model successfully described the kinetic of 

Cu(II) adsorption. A complete desorption of Cu(II) was achieved using 0.5 M nitric acid. In 

conclusion, hazelnut husk activated carbon produced by potassium acetate activation method is 

very useful and efficient sorbent material for removal of Cu(II) from aqueous solution. 
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Arsenic is a naturally occurring element in the earth's crust, and is found throughout the 

environment [1]. Arsenic contamination in natural water is a serious problem in many parts of 

the world due to its toxicity and carcinogenicity.  [2]. Arsenic can occur in the environment in 

several oxidation states but in natural waters it is mostly found in inorganic form as oxyanions 

of trivalent arsenite [As(III)] or pentavalent arsenate [As(V)]. While As(V) is the major arsenic 

species in surface water, As(III) is the dominant arsenic in groundwater since it is favored under 

reducing conditions. As(III) is more toxic to biological systems than As(V) [3]. 

Arsenic exposure via drinking water on a chronic basis can cause various types of skin 

lesions, skin and other cancers, cardiovascular, respiratory, and neurological disorders. The 

World Health Organization (WHO) set the limit of 10 µg/L arsenic in drinking water. 

Therefore, a water treatment process is necessary to remove arsenic from drinking waters in 

order to reduce its concentration. Various treatment methods have been studied for removal of 

arsenic water like precipitation-coagulation, membrane separation, ion exchange, and 

adsorption. Adsorption techniques are generally considered to be promising method for 

removing heavy metals from wastewater and water supplies.  

In this study, various adsorbents were used to remove as As(III) ions from aqueous 

media. For this, pumice was used as sorbents and after some modifications to remove As(III) 

ions. Adsorption studies were carried out using a batch method and adsorption parameters such 

as contact time, pH, temperature, As(III) concentration  were researched to have the maximum 

adsorption. As(III) amount in the beginning and As(III) amount left in the solution after 

treatment the un adsorbed were determined  by using hydride generation atomic absorption 

spectrophotometer (HG-AAS) with air-acetylene flame. Maximum adsorption was observed on 

pumice which modified with FeCl3 + NaOH and after two hours of treatment the adsorption 

capacity was found 4.7 mg g-1. 

 

Keywords: Arsenic, Adsorption, Atomic Absorption Spectroscopy, Pumice 

 

References: 

1. Baskan B., Pala A. Desalination, (2010) 254 42–48. 

2. Gulbas G., et al., Environmental Progress and Sustainable Energy (2012) 31 3 443-448 

3. Zeng L., Water Research, (2003) 37 4351–4358 

 

 

  

mailto:bsra.phlvn@gmail.com


10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

143 

 

P1-63 

Synthesis of Polymeric Materials Including Antibiotic and Their 

Applications as Potential Adsorbent for Mercury Removal 

 

Songül Ulusoy 

 

Cumhuriyet University, Faculty of Technology, Biomedical Engineering Division, Department of 

Biomaterial, 58140, SIVAS, TURKEY  
 *E-mail: sonulusoy@yahoo.com  

 
Mercury is a serious environmental pollutant because of its toxic effects on all living organisms. 

Mercury and its compounds cause serious diseases such as leukemia [1-2]. Mercury compounds can be 

present as a result of anthropogenic activities in various environmental samples. They are usually present 

in natural waters at trace levels [3]. The lakes, rivers in vicinity of the industrial areas are the important 

indicators for mercury pollution. Adsorption is used as a common method for removal of several species 

including toxic metals and organic matters in aqueous [4,5]. Adsorption is not only a removal method; 

it is also used for enrichment and pre-concentration of target species. It is mostly preferred due to 

simplicity, selectivity, the availability of different adsorbents, efficiency and practical use. If a selective 

adsorbent is chosen for target species, an effective removal can be performed easily [6].  

A new material containing Tetracycline (T) grafted polyacyril amide (PAA) was synthesized 

and its adsorption properties were examined for the removal of mercury(II) ions from aqueous media. 

The new developed adsorbent was characterized by FTIR and PZC analysis. Selective adsorption of 

Hg(II) ions from aqueous solution as a function of ion concentration, pH, ionic strength, temperature, 

and reusability of adsorbent was investigated in detail. The adsorption data were analyzed by using the 

Langmuir, Freundlich and Dubinin-Radushkevich (DR) models. The adsorption mechanism followed 

an endothermic and spontaneous process with increased disorderliness at adsorbate/adsorbent interface. 

The new developed material is a potential adsorbent for effective removal of mercury (II) ions.  The 

maximum adsorption capacity of adsorbent was calculated as 0.136 mol kg-1 based on Langmuir model.  
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Dendrimers are new polymer architectures of a well definite structure. They are 

perfectly branched three-dimensional macromolecules of unique structure and properties [1,2]. 

Being a new form of organization of the polymeric materials, namely a combination of the 

properties of low- and high-molecular weight substances, those macromolecules have been 

attracting greater and greater attention. Polyamidoamine (PAMAM) is a commercial class of 

dendrimers finding application in various areas [3,4]. And by binding various functional groups 

to the ends of large number owned by the dendrimer molecule it can be made more active. 

In this study; firstly 4-N,N-dimethylaminoethyloxy-1,8-naphthalimide labeled (G2-

NH2) PAMAM dendrimer, which has ethylenediamine core, was synthesized and characterized 

with such spectrosopic methods; secondly it was immobilized onto a membrane surface and 

finally complexing properties of new nanocomposite with Cu(II) ion was investigated with  

ICP-MS in various waste waters.  

 
A=OCH2CH2N(CH2) 
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Industrialization, over the past few decades, has led to enormous increase in the use of 

heavy metals especially in the aquatic environment. When heavy metals such as nickel, 

cadmium especially copper reach body by the food chain they can accumulate in the tissues and 

can cause serious health problems such as gastrointestinal irritation, central nervous system 

irritation followed by depression, hepatic and renal damage, and possible necrotic changes in 

the kidney and liver. Therefore, prior to its discharge to the environment it is necessary to treat 

with a chemical processes metal-contaminated wastewater. Copper is one of the most important 

heavy metal that used in industry. Waste sources of copper include plating baths, mining wastes, 

fertilizer industry, pigments and paints, etc. [1]. In case of excessive intake of copper by human 

leads to vigorous widespread capillary damage, corrosion and mucosal irritation [1,2]. There 

are many heavy metal clean-up technologies such as reverse osmosis, cover precipitation, ion 

exchange, extraction, etc. [3-7]. Adsorption, among numerous clean-up techniques for water 

treatment, is one of the alternatives for such cases and is an effective separation and purification 

technique used in industry especially in wastewater treatments. Cost that an important 

parameter is vital for comparing the adsorbent materials. For these reasons, there is increasing 

research interest in using alternative low-cost adsorbents. 

The sorption of Cu(II) onto clay and astragalus for removal of copper from aqueous 

solution has been investigated in this study. Various parameters effects on adsorption capacities 

such as pH, adsorbent dose, and stirring time were investigated using batch experiments. 

Equilibrium isotherms have been evaluated and equilibrium data agreed well with Langmuir 

isotherm and Freundlich isotherm models. Clay and astragalus adsorption capacity for Cu(II) 

were determined with the Langmuir model. Clay was shown to be a promising sorbent for 

Cu(II) removal from aqueous solutions. Characterization of the surface modification was 

performed with FTIR measurements. FTIR spectra showed that chemisorption takes place at 

surface of the adsorbent.  
 

Keywords: Copper, clay, astragalus, industrial waste-water, Langmuir isotherm model 
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Heavy metals, such as copper (Cu), lead (Pb), and cadmium (Cd) are major toxic 

pollutants to the environment and for human health because they tend to accumulate in the 

tissues of living organisms and are non-biodegradable [1-6]. When they accumulate in the body, 

they can cause severe damages such as malfunction of the body’s organisms, pathological 

states, and serious behavioral, developmental and learning problems, particularly in children 

[7,8]. If these metals move into the ecosystem, they can be adsorbed by marine animals and 

enter the human food chain, resulting in high health risks to the consumer. For these reasons, 

removing heavy metals from aqueous solutions by accurate and economical techniques is of 

great importance. Water pollution because of inorganic contaminants is a serious problem due 

to acute toxicities and carcinogenic nature of pollutants. Recently, much attention has been 

focused on using natural and low-cost adsorbents especially food residues, for removing toxic 

metal ions [8,9].  

Batch experiments for removal of copper from aqueous medium using several natural 

adsorbents were investigated in this study. Various parameters effects on adsorption capacities 

such as pH, adsorbent dose, and stirring time were investigated. Maximum adsorption 

capacities for chestnut shell, tea waste and banana peel were found as 2.3 mg g-1, 3.9 mg g-1 

and 2.0 mg g-1, respectively. Characterization of the surface modification was performed with 

FTIR measurements. FTIR spectra showed that chemisorption takes place at surface of the 

adsorbents. 

 
Keywords: Natural adsorbents, heavy metals, batch experiment, FTIR 
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Abstract 

This study was designed for the development of immobilized and magnetic biosorbent 

system for the removal of lead (II) ions from aqueous medium. For this purpose, chitosan 

immobilized magnetic olive pomace biosorbent system was prepared. Column performance of 

biosorbent system was investigated and biosorbent amount and flow rate were optimized. The 

biosorbent demonstrated strong removal performance towards lead (II) ions in continuous 

mode. Desorption studies revealed that the biosorbent may be regenerated using 10 mM EDTA 

solution with about 98% recovery and reused in twenty biosorption–desorption cycles. 

Biosorption performance of the investigated biosorbent system was also be tested in wastewater 

conditions. Consequently, a new and effective biosorbent was obtained from biological waste 

source and used for the removal of toxic lead (II) ions from aqueous medium. 

 

Keywords: Biosorption, Heavy Metal, Lead (II), Magnetic Biosorbent, Regeneration, 

Wastewater 

 

Introduction 

Growth in human population and industrial activities such as mining, refining ores, 

fertilization, tanning, electroplating, plastic manufacturing, textile, storage batteries and 

metallurgical process may cause heavy metals accumulation in nature. They are highly 

important pollutants because of their persistent, non-degradable nature and accumulation 

potential in food chain. Lead is among and highly toxic metal pollutant. The main sources of 

lead pollution in nature are human industrial activities such as fertilization, electroplating, 

mining, refining ores, tanning, plastic manufacturing, textile, storage batteries and metallurgical 

processes [1]. Muscle weakness, anemia, sterility, vascular degeneration, headache, kidney, and 

brain damages are some negative effects on human body exposing to lead [2]. Biosorption is a 

promising alternative to traditional water treatment methods. Simple operation, selectivity, and 

reusability are the most important advantages of this process. Biosorbents can be stored and 

used in later times since the biomass is not living [3]. The advantages of magnetic-based 

biosorbents such as ease of separation with the aid of magnetic field, effective biosorption 

ability and great mechanical properties make them attractive in the biosorption studies [4].  

Therefore, in this work, chitosan immobilized magnetic olive pomace biosorbent 

(CIMOP) was used for the removal of lead (II) ions from aqueous media. The effects of bed 

height and flow rate were investigated using fixed-bed column. Desorption characteristics of 

the biosorbent were also tested to evaluate reusability potential. 

 

Materials&Methods 

Olive pomace was obtained from olive production process and washed several times 

with deionized water. Then it was dried in an oven at 60°C for 24h and ground and sieved to 

212 m of maximum particle size. Magnetic biosorbent was prepared as follows: 0.4 g 

chitosan, 0.4 g olive pomace and 0.4 mL acetic acid were added into 40 mL of 0.1 mol/L sodium 
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acetate solution under ultrasonic stirring for 15 min. Then, 1.5 g FeSO4.7H2O and 1.75 g FeCl3 

were mixed and put into 100 mL 0.1 mol/L sodium acetate solution. These two phases were 

mixed and heated to 55°C in incubator shaker (Gerhardt Thermoshake). This mixture was added 

into 40 mL of 6 mol/L NaOH solution and stirred in incubator shaker for 1h at 55°C. The 

resulting magnetic biosorbent was washed with deionized water. Afterwards, the biosorbent 

was dried, milled in a analytical mill (IKA A11) and sieved to select particle size less than 300 

μm. The powdered biosorbent was stored in a glass bottle for further use [5]. Lead (II) stock 

solution (1000 mg/L) was prepared by dissolving 1.5985 g anhydrous Pb(NO3)2 (%100) into 1 

L deionized water. Other concentrations were prepared by diluting a proper volume of this stock 

solution.  

Glass columns with 9 mm internal diameter were used in the column studies. CIMOP 

was packed in glass columns and 25 mL lead (II) solution was passed through the columns. 

Biosorbent amount and flow rate were optimized using 100 mg/L lead (II) solution. Desorption 

performance of CIMOP was examined using 25 mL of 10 mmol/L EDTA solution as 

regeneration agent. Biosorption performance of CIMOP in dynamic flow mode was also tested 

in real wastewater obtained from the wastewater treatment plant in organized industrial area of 

Eskişehir (Turkey). After the biosorption process residual lead(II) concentrations were 

determined by an Flame Atomic Absorption Spectrophotometer (FAAS) at a 283.3 nm 

wavelength. All of the experiments were performed at least in triplicate and the average values 

were used in the calculations. 

 

Results&Discussion 

The magnetic properties of the prepared magnetic biosorbent was characterized by 

vibrating sample magnetometer (VSM) with field between −6 and +6 kG. CIMOP showed S 

shaped narrow hysteresis loops. Biosorbent showed S shaped narrow hysteresis loops (Fig. 1), 

representing that CIMOP is showing ferromagnetism [6]. 
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Fig. 1.  Magnetic hysteresis loop for CIMOP at room temperature. 

 

The effect of bed depth on the lead (II) biosorption by CIMOP was investigated and 

result are presented in Fig. 2 a. The removal of lead (II) ions depends on bed depth and bed 

depth is also depend on biosorbent amount of CIMOP that packed in the column. Initial metal 

ion concentration and flow rate were kept constant at 100 mg/L and 1 mL/min. Biosorbent 

amounts are varied from 0.2 g to 1.0 g. With an increase in the biosorbent amount up to 0.6 g, 

biosorption yield increased from 50.11% to 97.19%. The biosorption yield did not change 

noticeable with a further increase up to 1.0 g (p > 0.05). This may be ascribed to the better 

availability of free active sites and surface area by increasing amount of CIMOP [7]. 
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Fig. 2.  Effect of biosorbent amount on the biosorption yield and biosorption capacity of CIMOP (a), 

Effect of flow rate on the biosorption yield and biosorption capacity of CIMOP (b). 

 

The influence of flow rate on biosorption yield and capacity of lead (II) was evaluated 

by varying flow rates as 0.50, 1.0, 2.0 and 4.0 mL/min, while the initial lead (II) concentration 

and CIMOP amount were kept constant at 100 mg/L and 0.6 g, respectively. The results 

illustrated in Fig. 2b it indicates that, as flow rate increases, biosorption yield and capacity 

decreased. At a lower flow rate lead (II) and biosorbent interaction is longer to biosorption of 

lead (II) onto available free active sites around or inside the CIMOP. Lead (II) have also longer 

time to diffuse into the pores of CIMOP through intra-particle diffusion when flow rate is lower 

[8]. The biosorption yield and capacity of CIMOP increased from 73.68 to 95.86% and from 

3.08 to 4.00 mg lead (II)/g CIMOP when the flow rate decreased from 6.0 to 1.0 mL/min. The 

biosorption efficiency did not change with a further decrease (p > 0.05). As a result, the 

maximum lead (II) biosorption was observed at a flow rate of 1.0 mL/min. 

The stability and reusability potential of the biosorbent was tested in 20 consecutive 

biosorption–desorption cycles keeping the initial metal ion concentration, biosorbent amount 

and flow rate constant. Column was regenerated by 10 mM EDTA and the results are 

repsesented in Fig. 3. After 20 cycles, recovery yield was remained at 97.94%. These results 

indicated that suggested biosorbent has potential to be used more than 20 times in column 

operations. 
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Fig. 3.  Consecutive biosorption-desorption cycles of CIMOP 
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Conclusion 

In current investigation, dynamic flow mode biosorption potential of CIMOP was 

investigated for removal from aqueous solutions. The biosorptive percentage of lead (II) was 

investigated to be dependent on initial biosorbent amount and flow rate. The highest biosorption 

efficiency (97.19%) was attained with 1 mL/min flow rate and 0.6 g sorbent amount. During 

sequential 20 biosorption-adsorption cycles, biosorptive performance of biomaterial was 

maintained at about 98%. Results demonstrate that this new biosorbent could be a good 

alternative for uptake of lead (II) from contaminated media. 
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Synthesis of Polyaniline-Derived Polymers, Characterization and 

Investigation of Adsorption Properties 
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Polyaniline is a conductive polymer that offers good stability in the presence of air and moisture 

media. It can be synthesized by oxidation of aniline following a head-to-tail coupling 

mechanism with chemically and electrochemically reaction. The polymer includes the 

following repeating units of: 

 

 
 

Disulfide compounds have been applied as new organic /polymer cathode material lithium 

batteries. The theoretical capacity and energy density of those materials more than obtained 

from conventional batteries such as intercalation compounds and conductive polymers. A 

number of compounds having -SH group in the molecules are regarded as an energy storage 

material. So it can be reversed based on the energy exchange process, because the cleavage and 

recombination of S-S bonds is expected to be as follows. 

 

In the present paper, polymeric materials such as poly [bis-(2-aminophenyl) disulfide] and 

poly[1,2-bis(o-aminophenylthio)ethane] were synthesized by chemical synthesis. These 

polymers were characterized by scanning electron microscopy (SEM), fourier transform 

infrared spectroscopy (FTIR), elemental analysis of C, H, N and S, and thermogravimetric 

analysis (TGA), raman spectroscopy. The electrical conductivity of these synthesized polymers 

will be examined. These polymers will be used in adsorption of several precious metals. 

 

*This work is supported by the Duzce University Scientific Research Fund (Project No: 2014-

05- 03-259 

 

Keywords: polyaniline, polymer, characterization, adsorption 
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Acid blue 93 is known as Cotton Blue or Methyl blue as shown in Figure 1. 

 

 

 

Figure 1: Chemical structure of Acid Blue 93 

The adsorption of Acid Blue 93 (AB 93) was investigated on green bioadsorbent (GBA). Green 

bioadsorbent was prepared with clay (bentonite) and a waste seaweed by solution method. Bentonite 

(Reşadiye-Türkiye) was chemicallly modified by cetyl trimethyl ammonium bromide (CTAB). The 

adsorption of acid dye on the  green bioadsorbent  GBA/modified bentonite (MB) bioadsorbent was 

studied at four different temperatures, (25°C, 35°C, 45°C, 55°C) and at four different concentrations 

(5x10-5-2.5x10-4 M). The AB 93 acid dye adsorption onto the bioadsorbent was investigated in a batch 

adsorption process1. Freundlich, Langmuir and Temkin adsorption isotherm models were applied to the 

experimental data. The adsorption kinetics of dye on GBA/MB bioadsorbents were calculated by  

pseudo first order, pseudo second order kinetic models.The various thermodynamic parameters such as 

entalpy of sorption (ΔHº), free energy change (ΔGº), and entropy change (ΔSº) were estimated. The 

negative value of free energy change (ΔGº) shows the randomness at the solid liquid interface during 

the adsorption of dyes onto adsorbent. Bioadsorbent was determined by the Scanning Electron 

Microscope (SEM) and Fourier Transform Infrared Spectroscopy (FTIR). The maximum adsorption 

uptake of bioadsorbent was  98 %.   

 

Keywords: Seaweed, Green Bioadsorbent, Modified Bentonite, Kinetic Model, Isotherm. 
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P1-71 

A Novel Bio-nanocomposite from Organic and Inorganic Materials 

Selcan Karakuş, Ezgi Tan, Merve Ilgar, Tuba Şişmanoğlu, Ayben Kilislioglu* 
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There is an increasing demand of producing novel materials that are durable, applicable 

and cheap. New materials are formed by mixing two or more different – commonly organic / 

inorganic- materials with different physical and chemical properties and known as composites. 

Bio-Nanocomposites are prepared by adding an inorganic filler components into biopolymer 

matrix.  One of themost important key pointof preparing nanocomposite systems is 

homogeneous distribution with less agglomeration ,which could be achieved succesfully by 

having strong interfacial attractions between the surfaces of the organic and the inorganic 

surfaces [1-2]. 

In our studies,  non-toxic, biodegradable bio-nanocomposites were prepared via simple 

solution method under ultrasonic irradiation.  Natural amino polysaccharide biopolymer 

chitosan andGelatine mixture were used as the organic matrix to create a stable environment 

for dispersed ZnO nanoparticles. In order to get stronger structure SiO2 was added to the 

structure. Because of the  ultrasonic irradiation on the surface of SiO2, there are OH radicals 

created in which caused to extra ordinary chemical conditions during the preparation step.   By 

addition of metal salts into the biopolymer solution during the ultrasonic irradiation, the radical 

formation on the silicasurface plays an important role on metals or metaloxides formation even 

in nanoscale.  

 

Keywords: Chitosan, Gelatine, Bio-Nanocomposite, Ultrasonic, Dispersion. 
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Removal of Azo Dyes from Aqueous Solutions by Using Eggshell 

Membrane 
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Manisa, Turkey, 
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In this study, egg shell membrane was used as an adsorbent for removal of  reactive 

black 5 dye from aqueous solutions. Structural characterization of egg shell membrane was 

done by FTIR and SEM analysis. The experiments were carried out by batch system and 

operation variables such as pH, incubation time, temperature, and dye concentration were 

optimized. The pH of the adsorption medium had important effect on the adsorption of the dye 

on eggshell membrane and maximum adsorption was observed at pH 2.0.  Maximum adsorption 

capacity of eggshell membrane for reactive black 5 was found as  247 mg/g. Equilibrium 

isotherm for the adsorption of dye was analyzed by Freundlich and Langmuir isotherms. The 

Langmuir isotherm was fitted the isotherm data better than the Freundlich model. The 

thermodynamic parameters, Gibbs free energy (∆G°), enthalpy (∆H°), and entropy (∆S°) were 

also evaluated. The adsorption kinetics was represented by pseudo-second-order kinetic model. 

Moreover, desorption experiments revealed that the egg shell membrane can be reused 

effectively for seven consecutive adsorption-desorption cycles without any loss of its original 

capacity. 

Keywords: Eggshell Membrane, Reactive Black 5, Adsorption, Desorption, Characterization. 
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Methylene blue is one of the most common components of cationic paint. The use of 

methylene blue leads to several problems in terms of human health and the aquatic environment. 

Activated carbon is one of the mostly commonly used adsorbents. Recently, the use of activated 

carbons enriched with iron has become an alternative method of enriching activated carbons. 

In this study, the prepared activated carbons was gained magnetic property by means of ZnCl2 

activation of acorn shells. This is a cheap and widely-used form of coprecipitation. FeSO₄.7H2O 

(3.9 gram, 14 mmol) and FeCl3 (7.8 gram, 14 mmol solutions are added to a 400 ml beaker and 

heated to 70°C. 3.3 g of activated carbons are weighed and added to the mixture. 100 mL from 

the 5M NaOH solution is added to the mixture, and the iron oxide is precipitated. The composite 

material is washed with distilled deionized water and filtered using blue band filter paper. The 

magnetic composite obtained is dried in the oven for 2 hours at 80°C. The magnetic 

characteristic is determined through pretesting using a neodymium magnet. The structural and 

chemical characteristics of the synthesized magnetic activated carbons are characterized by 

using XRD, SEM, FT-IR techniques. The surface areas  of the activated carbons and magnetic 

activated carbon sorbents are also measured by using BET method. In the second step of this 

study, the synthesized material was used as novel adsorbent for the removal of the methylene 

blue from water and waste water. The methylene blue concentration in the solution was 

determined using a UV-VIS spectrophotometer. The effects of pH, temperature, the adsorbent 

amount, contact time, etc. are examined in the dyestuff adsorption trials. It is concluded that 

magnetic activated carbons are a suitable adsorbent for the removal of the dyestuff from water 

and waste water.  
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vinylpyrrolidone) 
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The dyes one of the important classes of synthetic organic pigments utilize in 

manufactured coloured productions. Synthetic dyes are widely used in many fields of advanced 

technology as textile, paper, leather tanning, food processing, plastics, cosmetics, rubber, 

printing and dye manufacturing industries [1]. Industrial effluents discharged from dyeing 

industries are highly colored with a large amount of suspended organic solid. These problematic 

wastewaters have to be treated to accord with discharge limit before discharge not only for their 

high chemical and biological oxygen demand but also for suspended solids of toxic properties 

to aquatic life and reduce in light penetration [1]. Congo red (CR) one of important anionic dyes 

that found in the wastewater have higher solubility in the water about 1 g/30 mL and was widely 

used in textiles, paper, rubber and plastic industries [3-4]. Conventional wastewater treatment 

methods for removing dyes include physicochemical, chemical and biological methods; 

adsorption process is one of the effective techniques that have been successfully employed for 

dyes removal from wastewater. The adsorption has benefits as water treatment and waste 

management to removal of dyes from waste water by using low cost alternative adsorbent [1-

2]. 

The present work aims to removal of Congo red (CR) from aqueous solution with cross-

linked poly(N-vinylpyrrolidone) can be used by batch adsorption techniques at 25°C. Several 

sorption parameters such as pH, initial dye concentrations and amount of adsorbent were 

studied. The effects of these factors in adsorption process were determined by Response Surface 

Methodology (RSM) based on Box-Behnken design (BBD). The significance of the effects was 

checked by Analysis of Variance (ANOVA) and the optimum values of selected variables were 

found. The results revealed that cross-linked poly(N-vinylpyrrolidone) can be used as an 

efficient adsorbent for removal of CR. 
 

Keywords: Adsorption, Box-Behnken design (BBD), Congo red (CR), Response Surface Methodology 

(RSM). 
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Dyes are widely used as coloring agents in a variety of industries, such as textiles, 

cosmetics, pulp mills, leather, dye synthesis, printing, foods, and plastics. Dyes in effluents 

from industry are the important sources of water pollution. Amount of organic dyes in water is 

considered very important because, besides having possible harmful effects, the color in water 

is aesthetically unpleasant1. Many studies have been developed for dye removal from aquatic 

environments, including physical, chemical, and even biological approaches. Studies include 

the use of coagulants, oxidizing agents, ultra-filtration, electrochemical and adsorption 

techniques. Among these approaches, absorption is regarded as an easy and economic process. 

Various materials, such as commercial active carbon, natural materials, biosorbents, and wastes 

from agriculture have been used for such processes2. In the last few years, organic-inorganic 

hybrid materials have been used as adsorbents due to their mechanical attributes, thermal 

stability, and high specificity2. 

In this study, a synthesized and characterized novel organic-inorganic hybrid material3, 

Al(OBus)3-GPTS-NaOSiMe3-Hydrolyzate (Al-GPTS-NaOSiMe3-H), was used for removal of 

methylene blue dye. Removal of methylene blue dye by a new adsorbent were carried out using 

batch method considering parameters of pH, adsorbent quantity, initial dye concentration. In 

order to determine the optimum experiment conditions of the adsorption process, Box-Behnken 

design were applied which different levels of multiple factors can investigate simultaneously 

and one factor can be examined at different levels of the other factor or factors, and provide a 

large amount of useful information from a reduced number of experiments.  

R (%) = 36.65 + 12.900 pH – 0.0194 Co (mg/L) + 110.65 m (g) – 0.9142 pH*pH (uncoded) 

R (%) = 91.36 + 7.718 pH – 0.972 Co (mg/L) + 9.958 m (g) – 14.63 pH*pH (coded) 

 

The aforecited coded and uncoded equations describes how the experimental variables 

and their interactions influence the adsorption. The positive values of these effects reveal that 

the increase of these parameters increased R%. Conversely, negative values of the effects 

decreased the response. According to equations, pH and amount of adsorbent had a positive 

effect on methylene blue adsorption, and in view of these terms optimum R% value has found 

94,89. All results shows that synthesized hybrid material Al-GPTS-NaOSiMe3-H can be used 

effectively for removing methylene blue dye from aquous solutions effectively. 
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References: 

1. Wenga C-H., Lin Y.T., Tzeng T-W., Journal of Hazardous Materials (2009) 170 417–424. 

2. Yang S., Chen S., Chang Y., Cao A., Liu Y., Wang H., Journal of Colloid and Interface Science 

(2011) 359 24–29. 

3. Kayan A., Journal Inorganic Organometric Polymer (2015) 25 1345–1352.  

mailto:elif.cerrahoglu@kocaeli.edu.tr


10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

158 

 

P1-77 

Continuous Biosorption of Reactive Yellow 2 from Contaminated Real 

Wastewater by Thamnidium elegans Cells  

 
Fatih Sayin*, Sibel Tunali Akar, Tamer Akar  

  

Department of Chemistry, Faculty of Arts and Science, Eskişehir Osmangazi University, 26480 

Eskişehir, Turkey 

*E-mail: fatih@sayin.tk  

 

Abstract 

Thamnidium elegans (T. elegans) has successfully been evaluated as a biosorbent for 

decolorization of Reactive Yellow 2 (RY2) from contaminated real wastewater in continuous 

systems. The biosorbent demonstrated 98% decolorization yield in continuous mode. The 

Langmuir isotherm model showed better correlation coefficients and maximum monolayer 

biosorption capacity calculated from this model were found to be 3.30x10-4 mol/g (287.84 

mg/g). The findings obtained from dynamic flow system also indicated that the suggested 

biosorbent may be a potential alternative for the continuous mode decolorization of wastewater 

in large scale. Even after 10 repeated cycles of regeneration, the original biosorption capacity 

was constant and recovery yield of dye was maintained at around 95%. The breakthrough point 

emerged around 300 min and reached to exhaustion after 600 min. Overall, these features 

indicated that T.elegans is an effective and promising alternative for the treatment of synthetic 

dyes from real wastewaters. 
 

Keywords: Biosorption, Dye, Reactive Yellow 2, Real Wastewater, Regeneration, Thamnidium 

Elegans 

 

Introduction 

Synthetic dyes in auatic media are highly visible even at small concentrations. They 

have been widely used in various industries such as paint, plastic, paper, printing and textile. 

These dyes may cause toxic effect to nature when they are discharged into aquatic media. Skin 

and eye irritation, rhinitis, dermatitis, asthma and allergic conjunctivitis are some symthoms 

releted to dye exposure [1]. Therefore, environmentally friendly and economical treatment 

methods are required for the removal of synthetic dyes from industrial effluents.  

Biosorption is an alternative biotechnological treatment technique that may be used for 

the decolorization of synthetic dyes in water sources since they are not easily biodegradable. 

Biosorption has received increasing attention because of its environmental friendly, selectivity, 

rate of uptake, toxicant affinity, recovery, small quantity of sludge and low cost features. 

Biosorption, is based on the possible interactions between pollutants and biosorbents [2]. It has 

a great potential to remove organic and inorganic pollutants from contaminated wastewaters, 

even at small amounts. Different types of biosorbents such as bacteria, fungi, algae, plants and 

biologic wastes have been used under various experimental conditions. Although a large 

number of decolorization studies have been carried out with synthetic dye solutions, the current 

biosorption applications are still insufficient to cover the problem of the pollutant removal from 

industrial real wastewaters [3,4]. The goal of the present study was to suggest an efficient 

biomaterial to treat the real industrial wastewater. 

 

Materials&Methods 

Reactive Yellow 2 (RY2), was used as a model synthetic dye. Biosorption experiments 

were performed using real wastewater obtained from the wastewater treatment plant in 
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organized industrial area of Eskişehir (Turkey). The chemical composition of the wastewater 

was presented in Table 1 and chemical oxygen demand (COD) was measured as 828.0 mg/L. 

 
Table 1. Chemical composition of wastewater 

 

Constituents C (mg/L) Constituents C (mg/L) 

Calcium (Ca+) 162.46 Chloride (Cl-) 87.55 

Magnesium (Mg+) 44.01 Sulfate (SO4
2-) 381.75 

Sodium (Na+) 863.50 Nitrate (NO3
2-) 1306.35 

Potassium (K+) 21.19 Fluoride (F-) 0.58 

Zinc (Zn2+) 0.02 Bromide (Br-) 0.35 

Cobalt (Co2+) 0.03 Phosphate (PO4
2-) 2.13 

Cupper (Cu2+) 0.10 Manganese (Mn2+) 0.15 

Cadmium (Cd2+) - Nickel (Ni2+) - 

Chromium (Total) - Nitrite (NO2
-) - 

Iron (Total) - Sulfite (SO3
2-) - 

 

 

T. elegans was growth at 297 K for 7 days on potato dextrose agar medium in order to 

prepare the mycelium suspension. A liquid growth medium proposed by Wang [5] was used 

for biosorbent production. After seven days, the resulting biosorbent separated from its 

medium, washed and dried at 333 K. Dried biosorbent was milled in a analytical mill (IKA 

A11) and sieved to lower than 212 μm particle size. Prepared biosorbent was stored in order to 

use in biosorption process.  

The continuous biosorption studies were performed by placing T.elegans into the glass 

columns (9 mm internal diameter). 25 mL of dye was added into columns and passed the packed 

bed at various bed height and flow rates. In order to investigate reuse potential of the biosorbent, 

desorption characteristics were investigated. Breakthrough study was also carried out to test the 

biosorption performance of the biosorbent in continuous flow conditions. The residual dye 

concentrations in the solutions were determined by an UV/vis spectrophotometer at λmax: 396 

nm. 

 

 

Results&Discussion 

The decolorization ability of T. elegans was evaluated for real wastewater [2,6]. 

Biosorption experiments were conducted at different biosorbent amount (30-80 mg) and flow 

rates (0.25-2 mL/min). pH was adjusted to 2.0 to reach optimum removal efficiency [7].  

In order to determine the optimum bed height to maximize the biosorption efficiency, 

the biosorbent amount was increased from 30 to 80 mg at flow rates of 1.00 mL/min and the 

results are presented in Fig. 1a. The biosorption yield of T. elegans increased from 56.27% to 

93.03% when the biosorbent amount increased from 30 to 40 mg. The biosorption yield did not 

noticeable change with a further increase up to 80 mg (p > 0.05). An increase in the biosorbent 

amount caused an increase in bed height. This may be ascribed to the greater availability of free 

active sites and surface area of biosorbent by increasing amount of T.elegans [2]. Thus, dye 

solutions longer interact with biosorbent in the column. Therefore, the optimum T. elegans 

amount was chosen as 40 mg. 
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     Fig. 1 (a)      Fig. 1 (b)  

 

Fig. 1.  Effect of biosorbent amount on the biosorption yield of RY2 (a), Effect of flow rate on the 

biosorption yield and biosorption capacity of T. elegans (b). 

 

 

The influence of flow rate on the biosorption yield of RY2 was evaluated by varying 

flow rate from 0.25 to 2 mL/min and the results are presented in Fig. 1b. Initial dye 

concentration and biosorbent amount were kept constant at 100 mg/L and 40 mg, respectively. 

Biosorption yield was lower at higher flow rates. At a lower flow rateRY2 and biosorbent 

interact longer to biosorp RY2 onto available free active sites of biosorbent. RY2 have also 

longer time to diffuse into the pores of T.elegans through intra-particle diffusion when flow rate 

is lower [8]. In contrast, biosorption yield of RY2 decreased at high flow rates due to inadequate 

time for the interaction between biosorbent and dye molecules. The biosorption yield of T. 

elegans increased from 90.36% to 96.98% when the flow rate decreased from 2.0 to 0.5 

mL/min. The biosorption efficiency did not change with a further decrease (p > 0.05). As a 

result, the maximum RY2 biosorption was observed at a flow rate of 0.5 mL/min. 

Desorption characteristics of the biosorbent were investigated to examine the interaction 

type between biosorbent and dye solution and to test the reuse potential of biosorbent. 

Desorption of sorbate was carried out by adding 0,01 M KOH solution into the packed bed glass 

columns at room temperature. Initial dye concentration, biosorbent amount and flow rate were 

set to 100 mg/L, 40 mg and 0,5 mL/min, respectively. Fig 2 (a) indicated consecutive 

biosorption-desorption cycles of T.elegans biosorbent. Even after 10 repeated cycles of 

regeneration, the original biosorption capacity was retained and biosorption yield of dye was 

maintained at 94.52%. These findings strongly indicated that T. elegans cells have great 

potential on industrial practical applications for decolorizing reactive dyes. 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

161 

 

t (min)

0 100 200 300 400 500 600 700

C
/C

o

0,0

0,2

0,4

0,6

0,8

1,0

 
     Fig. 2 (a)      Fig. 2 (b)  

Fig. 2.  Consecutive biosorption-desorption cycles of T.elegans biomass (a), Breakthrough curve for 

RY2 biosorption process (b). 

 

In order to examine the breakthrough behaviour of T. elegans (Fig. 2b), 100 mg L RY2 

solution was passed through the column packed with 0.2 g of the biosorbent at a flow rate of 

0.5 mL/min. The breakthrough point emerged around 300 min and reached to exhaustion after 

600 min. These data showed that T. elegans can be successfully used in column applications 

for the decolorization of RY2 containing solutions. 

To analyze the biosorption equilibrium, three isotherm models (Langmuir, Freundlich, 

and Dubinin–Radushkevich) were used. The Langmuir isotherm model showed better 

correlation coefficients and maximum monolayer biosorption capacity calculated from this 

model were found to be 3.30x10-4 mol/g (287.84 mg/g). 

 

Conclusion 

Our results indicated that the biosorbent prepared from T. elegans was successfully used 

for the treatment of the real wastewater and it exhibited great biosorption efficiency in dynamic 

flow mode. Bed height of column and flow rate were optimized and best biosorptive 

performance attained at 96.98% with 40 mg biosorbent and 0.5 mL/min flow rate. The 

experiments showed that biosorption reusability of biomass kept of 10 consecutive cycles. 

According to breakthrough results T. elegans can be effectively used in column applications. 

Overall this suggested biosorbent has potential alternative for the wastewater decolorization in 

continuous system. 
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Abstract 
 

In this study, a hydrogel was prepared by crosslinking copolymerization of 3-

Sulfopropyl methacrylate potassium salt with ethylene glycole dimethacrylate (EGDMA) in 

aqueous solution, using K2S2O8 as a radical initiator at 80 0C. The obtained gel was interacted 

with 3 M HCl to obtain sulfonic acid containing sorbent. The sulfonic acid groups on the surface 

of the gel brushes were neutralized with excess of aniline, and the adsorbed aniline was 

polymerized by oxidizing with ammonium persulfate to give self-doped polyaniline . The 

sorption capacity of the reactive black dye was found about 0.120 g / g sorbent.  

Keywords:Hydrogel, Polyaniline, Dye removal. 

Introduction 

 

Dyes usually have synthetic origin and complex aromatic molecular structures, which 

make them more stable and more difficult to biodegrade [1]. Reactive dyes are barely eliminated 

under aerobic conditions and probably decompose into carcinogenic aromatic amines under 

anaerobic conditions [2]. Therefore, colour removal from wastewater is a major environmental 

problem. Adsorption techniques employing solid adsorbents are effective methods for water 

decontamination. Most commercial systems currently use activated carbons and organic resins 

as adsorbents to remove dye in wastewater because of their excellent adsorption abilities [3,4]. 

Interestingly, polymerization of aniline in the presence of polyacids such as, poly(4-

styrene sulfonic acid) [5] and polyacrylic acid [6] has been reported to give doped and flexible 

PANI chains. This can be ascribed to template effect of the polyacids. 

In this study, a new PANI coated hydrogel was prepared and characterized. PANI coated 

sorbent was used for removal of ramazol black B  from water. 

EXPERIMENTAL 

 

Materials&Methods 

 

Materials 

3-Sulfopropyl methacrylate potassium salt (Aldrich), Ethyleneglycole dimethacrylate 

(EGDMA), Remazol Black B (Aldrich), Aniline /Aldrich) and all the other chemicals, solvents 

utilized were analytical grade commercial products. 

Preparation of the hydrogel 

3-Sulfopropyl methacrylate potassium salt (10 g, 41 mmol) and 0.896 g (4.52 mmol) 
EGDMA were placed in a flask attached to a reflux condenser and a nitrogen inlet. An 
appropriate amount of water was added to the flask, to obtain a total monomer concentration of 
20%. Then, 0.20 g (7.40 mmol) K2S2O8 was added to the solution and nitrogen was flushed 

mailto:bsenkal@itu.edu.tr
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through the solution. The mixture was stirred until gelation proceeded at 800C. The formed gel 
was washed with excess water and acetone respectively. The product was dried under vacuum 
at room temperature for 24 h. The yield was 10 g. 

Polymerization of aniline on the hydrogel 

The obtained hydrogel (3.0 g dry weight) was placed in a flask (100 mL) containing 
distilled aniline  (10.0 mL). The mixture was stirred for 24 h. Then, aniline sorbed gel was 
filtered, and washed sequentially with excess of ethanol and ether respectively. 3.0 g of sorbed 
aniline on the gel was polymerized in aqueous solution of ammonium persulfate (7 g or 0.03 
moles in 100 mL). The reaction mixture was shaken at room temperature for 24 h. After this 
period, the dark green product was filtered, and washed as described above.  

Extraction of dyes  

Dye capacities of the sorbent were determined by mixing weighed amount of polymer 
sample (0.1g) with 10 mL aqueous dye solution (2.016.10-3 M-1.01.10-4 M). In these 
experiments Reactive Black 5 was used. The mixture was stirred for 24 h and then filtered. Dye 
sorption capacity of the resin was assigned by colorimetrical analysis of residual dye contents.  

Kinetics of the dye sorption 

Batch kinetic experiments were performed using diluted dye solutions (4.10-3 M ) to 
estimate the efficiency of the sorbent for trace dye. For this purpose, sorbent (0.1 g) was wetted 
with distilled water (1.5 mL) and added to a solution of dye (90 mL). The mixtures were stirred 
with a magnetic stirring bar and aliquots of the solution (4 mL) were taken at appropriate time 
intervals for the analysis of the residual dye contents by the method as described above. 

Results&Discussion 

In this study, copolymerization of 3-Sulfopropyl methacrylate potassium salt with 

EGDMA in aqueous solutions (20%) with K2S2O8 initiator at 800C gives transparent hydrogels 

in high yields. Hydrogel sample was soaked into excess aniline to obtain anilinium salt. To 

remove free aniline contaminants, the samples were washed with ethanol and ether. The 

anilinium salt containing gel was directly polymerized in water by using ammonium persulfate 

as oxidant to give polyaniline (PANI) layers. It was observed that, polymerization of aniline 

takes place at room temperature. An immediate dark green colorization on the sorbent was 

observed, but the aqueous phase was almost clear, indicating formation of Emeraldine Green 

solely on the sorbent (Scheme 1). 

NH2 H3N

(NH4)2S2O8

Emaraldine green

SO3H SO3

Gel

hydrogel

 

Scheme1.Preparation of the PANI coated hydrogel 
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Extraction of Dyes 

Dye extraction experiments were carried out simply by contacting wetted sorbent 
samples with aqueous dye solutions at room temperature. Capacities were assigned by 
colorimetrical analysis of residual dye contents. Dye sorption capacities are given in Table 1. 
 

Table 1. Dye sorption capacities of the sorbent 
 

Dye Concentration, M  Capacities (mg/g) 

0.000101 6.510 

0.000202 13.657 

0.000504 33.642 

0.001008 62.442 

0.002016 121.250 

 
According to the Table 1, adsorption of dye on the sorbent was found to be concentration 

dependent. The sorption capacity of dye increases with increase in initial concentration.  

Dye sorption kinetics of the sorbent 

This material is able to remove the anionic dyes completely even from highly diluted 
aqueous dye solutions which are highly important. Here batch kinetic sorption experiments was 
performed with highly diluted dye solution (4.10-3 M) to investigate the efficiency of the sorbent 
in the presence of trace quantities of dyes, The concentration–time plot in Fig. 1 shows that the 
dye concentration falls to zero within about 60 minutes of contact time for remazol black B. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Dye sorption 
kinetics. 

The kinetics of sorption is an important aspect of the process control of removal of 
pollutants. As shown in Fig. 1, there was a rapid uptake kinetics and adsorption equilibrium, 
which would be attained within about 60 min. 
 

Conclusion 

In this work, 3-Sulfopropyl methacrylate potassium salt hydrogel was synthesized and 

interacted with HCl to obtain sulfonic acid functions. This hydrogel was employed as solid acid 

dopant for generation polyaniline shell layer. The resulting PANI coated sorbent was used as 

solid support for removal of Remazol Black B successively. The polymeric sorbent was 

regenerated by using KOH in ethanol/water solution. Dye loaded sorbent can also be 

regenerated without losing its initial adsorption capacity. 
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Synthesis of tin chelate compound was performed by using simple and inexpensive 

schiff base ligands.  Synthesized material was used for murexide dye removal from aqueous 

solution. Murexide is also called ammonium purpurate or MX. It can damage the  eye and skin,  

also cause respiratory tract irritation to mucous membranes, and upper respiratory tract. During 

the use of murexide, a considerable amount of this dye goes with wastewater to enviroment and  

cause environmental damage as giving water undesirable color and reduce sunlight penetration 

[1]. 

In this study, metal schiff base chelate compound was synthesized and used for 

murexide removal from aqueous solutions.  Firstly, (E)-2-((p-tolilimino)metil)fenol (TIMPH) 

ligand was synthesized with p-toluidine and salicylaldehyde. Secondly, TIMP-metal complex 

compound was synthesized from the reactions of TIMPH with BuSnCl3. This compound was 

characterized by Fourier transform infrared (FT-IR), nuclear magnetic resonance (1H-NMR, 
13C-NMR), elemental analysis and mass spectroscopies [2]. Then, dye removal optimization 

was performed by studying effect of time, pH, amount of dye and dye concentration e.g. on 

novel formed of Schiff base tin chelate compound. From the results we obtained very high 

recovery percentages with low pH values, at low amount of dye in a short time.   

 

Figure 1. Butyltrichlorobis(TIMP)tin(IV) (Schiff base tin chelate compound) 

Keywords: Tinchelate Compounds, Murexide, Removal Dye. 
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Bisphenol-A (BPA), the common name for 2,2-bis(4- hydroxyphenyl) propane, is a 

chemical used as a monomer in the manufacturing of polycarbonate, epoxy resins, acrylic resins 

and polysulphones(1). It is found in many products such as feeding bottles, food containers, 

plastic water bottles and their caps, eye glasses, CD’s, DVD’s, electronic devices, dental 

sealants and composite filling materials(2). Bisphenol A is a moderately water-soluble 

compound (300 mg L−1 at room temperature) and it dissociates in an alkaline environment (3). 

Many compounds, for example organochlorine pesticides, alkylphenols, polychlorobiphenyls, 

organotin compounds, and bisphenol A and its derivatives, have recently been shown to have 

effects on humans similar to those of estrogens(3).According to the European Food Safety 

Authority,  BPA amount of a human body can tolerate daily is 0.05 mg per kilogram of body 

weight(2).A variety of treatment methods such as adsorption, biochemical, electrochemical, 

photochemical reactions and ozonization have been used by researchers to remove BPA from 

different aquatic environment(1).  

In this study, poly(divinylbenzene N-methacryloyl-amido-L-tryptophan methyl ester) 

microbeads (average diameter=120–150 µm) were synthesized and used for removal of 

bisphenol-A (BPA)from aqueous solutions. The microbeads were characterized by scanning 

electron microscopy, infrared spectroscopy and elemental analysis techniques. To evaluate the 

efficiency of poly(DVB-MATrp) beads for adsorption of BPA from aqueous medium, the 

effects of pH, initial concentration, contact time and temperature were analyzed. The maximum 

BPA adsorption capacity of the poly(DVB-MATrp) microbeads was determined as 141.7 mg/g 

at pH 7.0, 35 ºC. 

 
Keywords : Adsorption, Bisphenol-A, poly(DVB-MATrp) Microbeads 
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Polycarbonates, polyesters, and epoxy polymers are mostly used in the industry due to 

their good properties such as lightness, durability, and high melting point [1, 2]. Bisphenol A 

(BPA) is one of the most used additive chemicals during polymerization of polycarbonates. 

Polymers including BPA are extensively used in the various industries such as packing for food 

and drug, medical equipment, lens, dye. [3]. 

A composite material containing polyacrylamide amide (PAA) and lignin (L) was 

developed and characterized for effective Bisphenol A (BPA) removal. Fundamentals of the 

proposed approach are based on adsorption of BPA molecules on PAA-L composite. 

Characterization of material was carried out by FTIR and PZC analysis. Adsorption of BPA 

ions from aqueous solution as a function of BPA concentration, pH, ionic strength, temperature, 

and reusability of adsorbent was investigated in detail. The adsorption data were analyzed by 

using the Langmuir, Freundlich and Dubinin-Radushkevich (DR) models. As a result of this 

analysis, r2 values were found as 0.991, 0.984, and 0.873, respectively. Maximum adsorption 

capacity obtained from Langmuir models was calculated as 55.358 mg g-1. Freundlich 

heterogeneity was found as 0.637 while EDr value obtained from DR model as 12.219. 

Experimental results showed that the adsorption of BPA is based on chemical binding, 

exothermic and spontaneous process. Reusability of PAA-L adsorbent was verified by recovery 

experiments for a lot of times and was not observed any change or deterioration on the material.  

 
 

Keywords: Bisphenol A, Removal, Adsorption, HPLC 
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Abstract 

 

This study focused on the development of an efficient and new immobilized sorbent for 

the continuous mode treatment of dye contaminated solutions. Methyl violet (MV) is  chosen 

as model dye. Mucor plumbeus cells were passively immobilized onto with Sepiolite to prepare 

a new sorbent system. The effects of flow rate and sorbent dosage on the decolorization  process 

were investigated. The highest sorption yield 97.99% was obtained with 0.5 ml min-1 flow rate 

Breakthrough behavior of the immobilized system was also examined. It exhibited good 

sorption performance up to 270 min. Result indicated that the suggested sorbent system can be 

a good alternative for the dynamic flow mode treatment of cationic dye contamination. 

  

Introduction 
 

Synthetic dyes are recalcitrant organic pollutants found in industrial effluents. Dyes 

have complex molecular structures that contain various functional groups. This chemical 

structure of dye often serves them stable molecules against sunlight, oxidizing agent and 

microbial attack. On the other hand traditional water treatment processes usually  involve some 

disadvantages such as high operating and maintaining costs, incomplete dye removal, 

generation of dye bearing sludge or other waste products that require safe disposal [1]. 

Biosorption process is a potential alternative to traditional treatment techniques for the 

decolorization. After the biosorption process treated water can be re-used in industry. Thus, it 

reduced damage to the environment. Biosorption is also an environmentally friendly process 

[2].  

Numerous studieson the sorption of organic and inorganic water pollutans in batch 

systems have been reported in the literature. However dynamic flow mode sorption applications 

are more useful in real and large scale wasterwater traetment. This type of treatment is simple 

to operate, attains a high yield and it can be easily scaled up from a laboratory-scale procedure. 

A large volume of polluted water can be continuously treated using a known quantity of sorbent 

material packed in the column [3]. 

The present work aims to investigate the sorption potantial of M. plumbeus-Sepiolite as 

a new and alternative sorbent system for the removal of MV dye from aqueous solutions in a 

packed bed column.The study includes an evaluation of the effects of key process parameters 

flow rate and sorbent amount. Breakthrough behaviour of the proposed system was also 

examined. 

 

Materials&Methods 
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M.plumbeus strain was maintained at 4oC on potato dextrose agar (PDA) slants. In order 

to prepare mycelium suspension, cells were grown on PDA slants for 7 day at 26oC. 

Preweighted (1g) powdered sepiolite was transferred to 250 mL erlenmeyer flasks containing 

100 mL of liquid growth medium[4] before autoclauing at 121oC at least 20 min. Spore 

suspension of M.plumbeus was added to each flask under aseptic conditions. Growth was 

allowed to proceed for 7 days at 26oC on a shaker operating at 120 rpm. Cylindrical fixed bed 

columns were used in sorption experiments. Tygon tubing was used for the connections 

between dye solutions and columns. Dye solution at pH ∼8.0 were fed into the columns by a 

peristaltic pump. While the sorbent dosage loadoled in columns was varied from 0.4 to 6.0 gL-

1, flow rate was screened in the range of 0.5 to 6.0 mL min-1. In order to investigate the 

breakthrough profile of immobilized sorbent, 100 mgL-1 dye solution was fed at 0.5 mL min-1 

into the column containing 0.5 g of sorbent dye concentrations in the solutions were determined 

using UV visible spectrophotometer (Shimadzu 2550-UV) at 580 nm After this period, 

immobilized biomass was separated from growth medium by filtration, washed with distilled 

water. Dried at 60ºC, ground using a laboratory mill and sieved to 212 µm particle size.  

 

Results&Discussion 

 

The initial stage of continuous experiments in column, the effect of flow rate on the 

sorption of MV onto immobilized sorbent was investigated and results were given in Fig.1. 

When the flow rate was decreased from 6.0 to 0.5 mL min-1 the percentage decolarization yield 

of immobilized sorbent increased from 64.69 to 97.90%. 
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Fig 1. The effect of flow rate on the MV removal process. 

 

A decreasing dye removal trend with increasing flow rate may be explained by the 

diffusion limitations of dye molecules into the sorbent pores and insufficient residence time of 

the dye solutions in the column [5] therefore 0.5 mL min-1 was chosen as optimum flow rate 

for further studies. 

On the other hand as illustrated in Fig. 2 an increase in the sorbent amount filled in the 

column from 0,01 to 0,02 g caused an increase in dye removal yield up to 97.90% Further 

increase in the sorbent dosage up to 0.1 g resulted no significant change in the sorption yield. 

This trend may be attributed to saturation of dye binding sites of immobilized sorbent. 
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Fig.2. the effect of 0.01  immobilized sorbent amount on the MV removal process. 

 

The breakthrough profile of immobilized sorbent material is presented in Fig.3. 
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Fig.3. Breakthrough profile of immobilized sorbent. 

 

As can be seen from Fig.3 before the breakthrough point 270 min. the dye concentration 

in the effluent was too low the sorption column reached exhaustion after 1040 min. This results 

showed that the suggested sorbent material can be used in continuous type of treatment for the 

removal of MV dye.  

 

Conclusion 
 

The study reports on the potential of M.plumbeus cells immobilized onto sepiolite for 

the removal of MV dye from contaminated solutions in batch and dynamic flow mode 

operations. Results indicated that flow rate and sorbent amount parameters significantly affects 

the dye removal yield of sorbent material. The suggested immobilized sorbent can be evaluated 

as a good alternative for decolarization purpose when the dynamic flow mode conditions were 

optimized. 

 
Keywords: Methyl Violet, Biosorption, Immobilization, Column 
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Abstract 

 

The potential use of fungi- mineral composite for the removal of  Methyl violet (MV) 

dye from aqueous solutions was investigated in batch mode. Decolarization conditions were 

investigated as functions of initial pH and sorbent amount. Result indicated that decolarization 

process is highly dependent on solution pH. Good biosorption yields were observed about 

neutral pH values. Up to 89.15% decolarization performance was achieved with 1.2 g L-1 of 

sorbent material. Our results suggest that the proposed fungi-mineral composite may be useful 

for decolarization of MV contaminated solutions. 

  

Introduction 

 

Synthetic dyes are common water pollutants. Many of them are toxic even at trace 

levels. The effluents containing dyes cause serious and irreversible environmental and 

biological damage. Therefore, adequate treatment of dye containing effluents prior to discharge 

into aquatic media is of great importance for human health and environment. Traditional 

methods such as reverse osmosis, ion exchange and Fenton reactions etc. have been extensively 

used for the treatment of colored effluents [1].  The biosorption has considerable amount of 

attention as an alternative process to traditional water treatment methods. The potential 

important advantages of the biosorption process over traditional techniques include low 

operation cost, small quantity of sewage sludge to be dispose and simple operation [2]. 

The use of immobilized cells in the biosorption applications has received increasing 

interest in recent years because their several advantages. Good mechanical strength, chemical 

stability and high regeneration ability are some important advantages of the immobilized 

sorbent materals. Therefore, some attemps have been made to prepare the new and efficient 

immobilized sorbents for the removal of organic and inorganic pollutants from contaminated 

aquatic media [2]. In addition to biotechnological applications, immobilization technique is also 

used in different fields such as food industry, biosensor applications and pharmaceutical studies 

[3]. The goal of this study was to investigate the possible use of a Mucor plumbeus-Sepiolite 

(M.plumbeus–Sepiolite) composite sorbent for decolorization of (MV) contaminated solutions 

in batch mode. In this context pH and sorbent dosage critical parameters, affecting the 

decolarization process were optimized. 

 

Materials and Methods 

 

M.plumbeus was passively immobilized on sepiolite in growth media. Biomass was 

produced in the liquid medium with the composition (per liter) of sepiolite (1g),  glucose (30 

g), KH2PO4 (2 g), MgSO4 (2 g), (NH4)2C4H4O6 (2 g), Yeast extract (1 g), CaCl2 (0.1 g), NaCl 
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(1 g), (NH4)2Fe(SO4)2 (0.1 g) and trace element solution (2 mL) [4]. The pH of the liquid growth 

medium was adjusted to 5.5 before autoclaving at 121 °C for at least 20 min and adding trace 

element solution. Erlenmayer flasks containing the growth media (100 mL) were inoculated 

with mycelium suspension (1 mL) of M. plumbeus, under sterile conditions and shaken at 26 

°C and 120 rpm for 7 days in a rotary shaker. After growth period, the produced immobilized 

sorbent was separated from growth media by filtration and washed repeatedly with deionized 

water, dried at 60ºC, ground using a laboratory mill and sieved to 212 µm particle size. 25 mL 

of 100 mgL−1 dye solutions were placed in beakers. An accurate weight of biosorbent sample 

was added to flask and stirred at 200 rpm on a multipoint magnetic stirrer. At the end of the 

each experiment the biosorption mixture was centrifuged at 4500 rpm for 5 min and supernatant 

was collected for quantitative dye analysis. In order to determine the optimum pH and sorbent 

dosage, initial pH of the sorption medium was varied from 3.0 to10.0 and sorbent amount was 

screened between 0.4-4.0 g L-1. 

 

Results and Discussion 

 

The pH of the sorption medium affects the ionazition state of the sorbent functional 

groups like corboxyl, amino, sulphodixide and hydroxyl etc. the effect of initinal pH of the 

sorption medium on the decolarization process is given in Fig.1. 
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Fig 1. Effect of initial pH of the solution on the MV sorption process  

 

As can be seen from this figure, the sorption yield of the composite material increased 

from 53.95 to 81.42% when the initial pH was increased from 3.0 to 5.0. Thereafter, the sorption 

yield was kept from  5.0 to 10.0. the low decolarization performance of immobilized sorbent at 

the high acidic pH value can be attributed to electrostatic repulsive forces between cationic dye 

molecules and protonated sorbent surface. At higher pH value the immobilized sorbent 

negatively charged as a result of deprotonation and this attraction forces stimulate the binding 

of dye molecules to the sorbent surface [5]. The further decolarization studies were carried out 

at the pH value  about 7.0. The biosorption yields against the composite sorbent dosage were 

depicted in Fig.2. Along with the increase of immobilized sorbent dosage from 0.4 to 1.2 g L-

1, the dye removal yield increased from 59.08 to 89.15%. this trend may be explained by the 

greater surface area and large number of vacant sorption sites of immobilized sorbent [6]. 
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Fig 2. Effect of biosorbent dosage  of composite sorbent on the MV sorption process  

 

 

After the sorbent dosage of  1.2 g L−1 the biosorption yield has no changed. Therefore, 1.2 g 

L−1 was selected as optimum sorbent dosage for batch mode MV removal process. 

 

Conclusion  

 

This study was indicated that initial pH and biosorbent dosage are played important role 

in the sorption of MV dye onto suggested sorbent material. Findings indicated that the prepared 

fungi mineral-composite can effectively used for the removal of MV from aqueous solutions 

by adjusting the pH and sorbent dosage parameters to optimum values. 

 
Keywords: Cationic Dye, Sorption, Composite, Mucor Plumbeus, Alunite 
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Due to the good activity against acute diseases caused by bacteria, tetracyclines (TCs), 

are commonly used to cure several infectious diseases for prevention and treatment of farm 

animals. Following administration, TCs are poorly absorbed by the digestive system with 

mostly excreted unmetabolized, and a portion of them still remains biologically active in animal 

waste. In previous studies, a fact that exposure of TCs residue in soil and water environment 

could result in a significant ecological concern has been proved. Because of broad-spectrum 

antimicrobial activity and low cost, the wide applications of TCs have led to fairly concerns 

with regard to unsafe residue in animal-production foods such as milk, meat, egg, cheese, and 

honey , which could be directly toxic. Therefore, it is of great necessity to development efficient 

and inexpensive methods for the selective removal of such compounds from the environment 

[1]. Molecularly imprinted polymers (MIPs), possessing tailor-made recognition sites, exhibit 

the ability of specifically rebinding to a target molecule in preference to analogous compounds. 

Owing to the high specificity and selectivity, as well as favourable thermal, mechanical and 

chemical stability, MIPs have been widely used as artificial receptors in solid phase extraction, 

chromatography separation, chemical sensors, catalysis, and many other applications. Due to 

the high porosity, high permeability, soft, flexibility, and high flow velocity cryogels are widely 

used as new materials. Cryogels permit the free passage of microparticles and nanoparticles 

without blockage because of the pore size within the range of 10–100 μm. For increasing the 

surface are a particle embedding become a new approach in separation processes [2]. 

The main purpose of this study is to prepare poly(hydroxyethyl methacrylate)(PHEMA) 

cryogel embedded with tetracycline-imprinted microparticles. Firstly, the imprinted 

microparticles were synthesized via emulsion polymerization and characterized by using FTIR, 

X-ray photoelectron spectroscopy (XPS), zeta potential and size analyzes. PHEMA cryogel-

embedded with microparticles were characterized scanning electron microscopy (SEM) and 

swelling test. To evaluate the efficiency of the cryogel system, the effect of various 

experimental parameters such as pH (2.0-8.0), initial concentration (5-85 mg/L), contact time 

(1-300 min), and temperature (4-23 oC) were determined. The maximum adsorption of 

tetracycline from aqueous solution was obtained at pH 5.0. Selectivity studies were conducted 

by using ciprofloxacin and amoxicillin. The adsorption process obeyed pseudo-second-order 

kinetic model. All the isotherm data can be fitted Freundlich isotherm model with high 

correlation coefficients for all studied temperatures. 
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Carbendazim is a systemic benzimidazole fungicide which has been widely used to 

control various kinds of diseases in agricultural processes. It is also a metabolite of two other 

fungicides; benomyl and thiophanate methyl (1). However, the usage of benomyl is now 

restricted in many countries carbendazim is stil being used all over the World (2).Trace levels 

of carbendazim gives serious damages to endocrine system and shows mutagenic and 

teratogenic effects on animals.(3) It is indicated that in the literature thar carbendazim is 

embriotoxic and phytotoxic and it also shows negative effects on the male mammalian 

reproductive system (4). Therefore, quantitative determination of trace levels of carbendazim 

is very important. 

 

In this study, magnetite-molecularly imprinted polymer has been used for the first time 

as selective adsorbent before the fluorimetric determination of carbendazim. Limit of detection 

(LOD) and limit of quantification (LOQ) of the method were found to be 2.3 and 7.8 µg/L, 

respectively. Proposed method has been succesfully applied to determine carbendazim residues 

in apple and orange, where the recoveries of the spiked samples were found to be in the range 

of 95.7-103%. Characterization of the adsorbent and the effects of some potential interferents 

were also evaluated. With the reasonably high capacity and reusability of the novel adsorbent, 

dynamic calibration range, rapidity, simplicity, cost-effectiveness and with suitable LOD and 

LOQ values, the proposed method appear to be one of the ideal methods which can be used for 

the determination of carbendazim. 
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Molecular imprinting has become a universal tool for the preparation of artificial and 

robust recognition materials useful for diagnostics, industry and environmental analysis. 

Molecular imprinting polymers (MIPs) are easily obtained by copolymerization of suitable 

functional monomers and cross-linkers in presence of the desired molecule.  

The aim of this study is to synthesize 2,4-D acid imprinted polymers, determination of 

its performance such as recovery of 2,4-D acid from polymer, rebinding of 2,4-D acid on 

polymer and its determination by spectrometric methods.Two different approaches were 

investigated. First one is bulk polymerization; by simply adding methacrylic acid monomer 

(MAA), etilen glycol dimethacrylate (EDMA) cross linking agent, 2,2’-azobis(isobutyronitrile) 

(AIBN) initiator and 2,4-dichlorophenoxyacetic  acid (2,4-D) template molecule; a polymer 

that can bind 2,4-D selectively was acquired. The second one is suspension polymerization; 

there are two phases in this approach one is water the other one is chloroform. Water phase 

contains PVA and organic phase contains MAA, EDMA, AIBN and 2,4-D which the 

polymerization occurs.  The monomer:template ratios were used as 4:1.  

The extraction of 2,4-D from polymer was performed by soxhlet extraction with  

methanol. It gives very close results such as 94-100% respectively. Measurements were carried 

out with spectrophotometer at 284nm. The maximum rebinding capacity of 2,4-D suspension 

polymerized extracted polymer in methanol-water 1/1 was found 45.8 mg/g. For the non-

imprinted polymer (NIP) it was found as 6.37 mg/g. The maximum rebinding capacity of 2,4-

D bulk polymerized extracted polymer in methanol-water 1/1 was found 34.81 mg/g. For non-

imprinted polymer (NIP) it was found as 22.37 mg/g. 

In this study the novel 2,4-D acid imprinted polymer was examined as extraction 

material for separation and pre-concentration purposes. The MI-SPE of the 2,4-D was carried 

out using the polymer we have synthesized the binding yield of 94% was obtained. After 

selective separation of 2,4-D acid spectrometric measurements can be easily carried out without 

any interference. 
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These instructions are an example of what a properly prepared meeting abstract should 

look like. Proper column and margin measurements are indicated. Several metal complexes of 

Schiff bases containing nitrogen, oxygen and sulfur donor atoms have been synthesized and 

studied [1]. The presence of nitrogen and oxygen donor atoms in the complexes makes these 

compounds effective and stereospecific catalysts for oxidation, reduction hydrolysis and they 

also show biological activity and other transformations of organic and inorganic chemistry [2]. 

It is well known that some drugs have higher activity when administered as metal complexes 

than as free ligands [3]. Metallo phthalocyanines (MPcs) are organometallic macrocycles that 

typically comprise the usually planar organic ligand and a metal ion or metalloid within the 

central cavity of the ring. MPcs have attracted considerable attention in solar cells, photo 

dynamic therapy, gas sensors, liquid crystal, and electrochoromic displays because of their 

remarkable optical, and electrical properties, the conjugated system, as well as chemical, and 

thermal stability [4]. The aim of the present research is to produce new synthetic compound 

combining two functional materials (phthalocyanines and 4-{[(1E)-(5-bromo-2-

hydroxyphenyl)methylene]amino}-N-(5-methyl-1,3,4-thiadiazol-2-yl)benzene as a bioactive 

compound) and investigated its spectroscopic properties. Thus, novel 4-{[(1E)-(5-bromo-2-

hydroxyphenyl)methylene]amino}-N-(5-methyl-1,3,4-thiadiazol-2-yl)benzene,(E)-  -(((4-

bromo-3',4'-dicyano-[1,1'-biphenyl]-2-yl)methylene)amino)-N-(5-methyl-1,3,4-thiadi 

azol-2-yl)benzenesulfonamide compound and new peripherally tetra-the substituted zinc(II) Pc 

complex and  were synthesized and characterized by various spectroscopic techniques. in this 

study (Figure 1). 

 

 
Fig. 1.  Chemical structure of novel phthalocyanine 
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The widespread use of silver compounds and silver-containing procedures in industry, 

medicine, jewellery, cloud seeding and in the disinfection of drinking water has resulted in an 

increasing silver content of environmental samples. Silver impregnated filters are used in water 

disinfection, while silver concentrations up to 200 μg L-1 are permitted for antimicrobial 

activities for human health [1]. A new turn-on fluorimetry procedure for the determination of 

silver by fluorimetry system has been described. [2-((E)-{[3',6'-bis(diethylamino)-3-okso 

spiro[isoindol-1,9'-xantene]-2(3H)-yl]imino}methyl) cyclopenta-2,4-dien-1-yl](cyclopenta-

2,4-dien-1-yl)-iron (DKMS) fluorescent reagent (Fig. 1), after synthesis/characterized was 

firstly used. Ag(I) was complexed with the fluorescent reagent and directly made measurements 

using florimetry without any separation/preconcentration. Best determinations conditions were 

established by testing different the reagent quantities, acidity and pH of sample, effect of 

temperature and interfering ions. The detection limit of the method was 1.00 µg L−1 while the 

relative standard deviation was 0.1 % for 0.1 mg L−1 Ag(I) concentration. The developed 

method has been applied successfully to the determination of silver in burn cream, some food 

and water samples. The results of analysis of the certified reference material (3101a and INCT-

TL-1) are in good agreement with the certified value. 

 

Figure 1. Chemical structure of the DKMS reagent 

Keywords: Fluorescence Reagent, Direct Determination, Silver İons, Food Samples, Water Samples 
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Abstract 

 

In this study, a novel fluorometric method for the determination of peroxynitrite anion (ONOO-

) scavenging (PAS) activity of biothiols, which can mostly trap peroxynitrite in vivo, is 

described. This assay is based on the conversion of gentisic acid probe to its non-fluorescent 

oxidation products with ONOO-. The attenuation of fluorescence intensity (FI) of the probe 

upon peroxynitrite attack is diminished with antioxidants, the difference in FI being related to 

PAS activity of antioxidants. IC50 (50% inhibitive concentration) values of biothiols and tissue 

homogenates were estimated, in comparison with the reference Pyrogallol Red (PR) bleaching 

method. 

 
Keywords: Peroxynitrite anion, scavenging activity, biothiols, pyrogallol red bleaching method. 

 

Introduction 

 

Peroxynitrite anion (ONOO-) is an effective oxidant known to be crucial in the macrophage 

killing of various pathogens.1 It plays a significant role in neurodegenerative diseases, 

cardiovascular disorders and inflammation.2 ONOO- can react with various biomolecules 

including thiols and amino acids.3 Toxicity of ONOO- is due to its ability to directly oxidize 

(E0
ONOO

-=1.40 V) the sulfhydryl group of cysteine and glutathione (GSH),4 and even the sulfur 

atom of methionine.5 

 

Tyrosine can be used as the detector molecule for ONOO-. This method also requires 

multifaceted HPLC equipment for determining the remaining tyrosine and its ONOO- oxidation 

products (such as 3-nitrotyrosine and 3-hydroxytrosine).6 In vivo tyrosine is the primary target 

for ONOO- damage. Its main reactive group is the OH group at position 1, but it has a low PAS 

activity because of the sizable substituent at position 4.7 Dihydrodichlorofluorescein (DCFH) 

and dihydrorhodamine-123 (DHR) have been used for the determination of PAS activity.8 

 

Materials & Methods 

 

Synthesis of ONOO- was achieved by utilizing the autoxidation of hydroxylamine in alkaline 

medium.8 The formation of ONOO- was demonstrable spectrophotometrically at 302 nm and 

its concentration was determined by using the molar absorption coefficient (ε302 = 1670 M-1cm-

1) in accordance with Beer’s law.9 

 

The spectrofluorometric proposed assay (Gentisic acid assay) is based on the attenuation of 

fluorescence intensity of gentisic acid probe by ONOO-.  The kinetic competition between 

scavenger and probe was started by addition of ONOO- to reaction mixture containing 

phosphate buffer, gentisic acid probe and scavenger solution. 
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The fluorescence intensity of gentisic acid at 450 nm (λex= 267 nm) was measured initially (I0) 

and after peroxynitrite attack with (I2) or without (I1) scavenger (I0 > I2 > I1). The inhibition 

ratio % was calculated by using Eq. (1).  

 

Inhibition ratio (%) = 100 [(I2-I1)/(I0-I1)]                          (1) 

 

The spectrophotometric reference method10  (PR bleaching assay) is based on the bleaching of 

PR dye by ONOO-. The loss of absorbance due to oxidation of PR was monitored at 540 nm 

(ε= 2.04x104 M-1cm-1).11 the absorbance was diminished at 540 nm due to oxidation of PR. The 

inhibition ratio % was calculated according to Eq. (2) by using absorbances measured initially 

(A0) and after peroxynitrite attack with (A2) or without (A1) the scavenger (A0 > A2 > A1). 

 

Inhibition ratio (%) = 100 [(A2-A1)/(A0-A1)]                  (2) 

 

Results & Discussion 

 

PAS activity of biothiols measured by the fluorometric and PR bleaching methods are listed in 

Table 1. It demonstrates that the IC50 values found with fluorometric assay were lower than 

those found with PR bleaching assay. Biothiols were found as effective scavengers by the 

fluorometric gentisic acid assay.  

 

The Spearman’s rank correlation test was employed for comparative IC50 values found with 

gentisic acid assay and PR bleaching assay. The interrater Spearman’s rank correlation 

(consisting of eight peroxynitrite scavengers) was high and statistically significant (r= 0.9762, 

p<0.001).  

 

Even though PR is the best among dyes (Carminic acid, Gallein, Evans Blue, Alizarin Red S 

etc.) which can be used for determination of PAS activity,6 its sensitivity is low because it is 

based on measurement of absorbance. For this reason we used a novel fluorometric probe in 

order to improve the sensitivity. In general, fluorometric probes are more sensitive than that 

absorptimetric ones. The highest PAS activities in the gentisic acid assay were observed for 

cysteamine > cysteine > GSH > homocysteine > NAC > cystine > methionine > homocystine 

> GSSG in this order in accordance with PR bleaching assay. 

 

L-cysteine was previously reported as an efficient ONOO- scavenger (IC50= 25 μM) through 

competitive oxidation of free sulfhydryls.12 Peroxynitrite-mediated oxidation of biothiols can 

occur through one-electron oxidation reactions.13 Peroxynitrite possibly oxidizes a variety of 

thiols by forming the corresponding thiyl anion radicals as intermediary products.14  
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Table 1. PAS activity of biothiols measured by the fluorometric and in comparison to the 

spectrophotometric methods (IC50 values were calculated with respect to Eq.s (1) and (2), 

N=4 or 5 data points) 

ONOO- scavengers 
Gentisic acid assay  

[M] 

PR bleaching assay  

[M] 

Glutathione (GSH)                                            4.00x10-5 3.02x10-3 

N-acetyl-cysteine (NAC)  7.83 x10-5 8.30x10-3 

Cysteine 1.45 x10-5 2.20x10-3 

Homocysteine 4.38 x10-5 5.70x10-3 

Cysteamine 8.90 x10-6 2.00x10-3 

Methionine 3.05 x10-4 3.50x10-2 

GSSG      6.70 x10-4 9.58 x10-2 

Cystine 2.42 x10-4 7.00x10-2 

Homocystine 3.60x10-4 - 

 

 

The ONOO- scavenging activity values evaluated with the gentisic acid assay and reference PR 

bleaching assay are comparatively displayed in a bar diagram (Fig. 1). PAS activity of liver 

tissue homogenate was found to be higher than that of kidney and heart homogenates with 

respect to both methods, probably because liver is the central organ for enzymatic and non-

enzymatic antioxidative defenses of detoxification in the organism.   

 

 
 

Fig. 1 The peroxynitrite scavenging activity of some tissue homogenates calculated with the 

gentisic acid assay in comparison to PR bleaching assay.   
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Conclusion 

 

A spectrofluorometric analytical method based on gentisic acid probe was developed for 

determination of peroxynitrite anion scavenging activity of biothiols. Gentisic acid is more 

sensitive and sufficiently selective redox probe for peroxynitrite than pyrogallol red probe. 

These results are revealed that biothiols are good peroxynitrite scavengers and PAS activity of 

liver tissue homogenate was found to be higher than that of kidney and heart homogenates. 
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Dendrimers are new category of branched polymers with perfect three-dimensional 

structure. They can be defined by three components as central core, interior dendritic structure 

and exterior surface with different functional groups [1-3]. 

One of the new classes of commericaldendrimers is poly(amidoamine) (PAMAM) initially 

synthesized and investigated by Tomalia et al [4].  

They are highly branched macromolecules with different functional groups in the dendrimer 

core periphery. The design and modification of PAMAM dendrimers with fluorescent units can 

lead to intresting new properties. The fluorescent and functional properties of dendrimers 

showed that they could act as sensors for different metal cations.  

When PAMAM dendrimer from second generation has been used as ligand the metal ions 

coordinate first with the dendrimer core and after they react with the 1,8-naphthalimide units in 

the dendrimer periphery [5]. 

In this study; firstly 4-N,N-dimethylaminoethyloxy-1,8-naphthalimide labeled (G2-

NH2) PAMAM dendrimer, which has ethylenediamine core, was synthesized and characterized 

with Uv-Vis, FT-IR,13C-NMR, 1H-NMR, MALDI-TOF and SEM analysis and in the presence 

of Cu2+ cation, the fluorescence intensity of the dendrimer enhances several orders which 

reveals that the new dendrimer can be used as a sensitive detector for the Cu(II) cation. 

 
   (a)      (b)    

Figure 1 :  (a)UvVis Spectra  and (b) Fluorescence Spectra for varios PAMAM dendrimer 

(c=2x10-6  M) and Cu2+ ratio at pH=3.  
 

Keywords: PAMAM, Dendrimer, Fluorescence, Spectroscopic Methods, Cu(II) Cation. 
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The direct determination of uranium in water samples by using spectrophotometer is not 

possible due to its low sensitivity and matrix effects of some cations, anions and transition metal 

ions (1, 2). 

A rapid and simple dual dispersive liquid-liquid microextraction (DDLL-ME) method 

was used for the extraction of uranium. The main objective of this study is to disperse extracting 

solvent by using air-agitated syringe system overcome on the matrix effect and to avoid the 

dispersion by using heat, hazardous dispersive organic solvents. The DDLL-ME consist of two 

dispersive liquid-liquid step with chloroform as extraction solvent. The uranium form 

complexes with 4-(2-thiazolylazo) resorcinol in aqueous phase and extracting into extracting 

solvent after the first dispersive liquid-liquid processes. The uranium was back-extracted into 

the acidic aqueous phase in the second dispersive liquid-liquid process step and finally 

determined by spectrophotometric detection technique. Various analytical parameters such as 

pH, volume of extraction solvent, amount of chelating reagent, sample volume were studied 

and optimized. Enhancement factor and limit of detection were achieved to be 45 and 0.69 ng 

L-1. The accuracy of the procedure was checked by an analyzing a certified reference material 

(TM-28.3). The optimized method was applied to various water samples. 
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Macronutrients are micronutrients chemical elements essential to life in large quantities. 

Selenium(Se) is an essential micronutrient at low concentration but toxic at high concentration 

whit a relatively small difference between these levels. Human body uses selenium to produce 

glutathione peroxidase, which works with vitamin E to protect cell membranes from damage 

caused by dangerous, naturally occurring substances known as free radicals produced by 

oxidative metabolism[2]. Metabolic syndrome has become a major global disease. Four major 

cardiovascular disease risk factors, i.e., visceral obesity, dyslipidemia,  hyperglycemia, and 

hypertension, have been studied separately, but the association of these factors has recently 

become the focus of research[1].  

Obstructive sleep apnea syndrome (OSAS) is a disorder that affects the respiratory 

system and upper airway during sleep (apnea, hypopnea). Continuous apnea/hypopnea in 

OUAS results with cardiovascular and cerebrovascular morbidity and is emerged as an 

independent risk factor for mortality[3]. In this syndrome, as a cause of cardiovascular risk, 

increased oxidative stress and reduced antioxidant defense of the body is involved. In this study, 

we aimed to determine the levels of selenium (Se) element with related antioxidants of 

glutathione peroxidase (GPx) enzymes in OSAS patients and these levels were compared with 

control groups. 

Our study consists of 38 OSAS patients and 27 control individuals. Serum samples were 

taken after polysomnographic examination. Serum Se(IV) concentration from patients and 

healthy control were measured by GFAAS. Antioxidant enzyme activities of GPx were 

determined using enzyme-mediated immuno–sorbent (ELISA) detection. Results are given as 

mean ± SD and data were compared using student-t test, p<0.05 were regarded as significant.   

Serum Se(IV) levels in patients with OSAS were significantly lower than control individuals 

(p<0.0001). GPx activity in OSAS patients were lower than controls (p<0.01).  

Our results suggested that OSAS patients have lower Se(IV) levels and decreased GPx activities 

compared to healthy controls. It is clear that in OSAS patients the antioxidant capacity is 

reduced following by increased oxidative stress.  In conclusion, supporting of Se(IV) can 

increase the activities of antioxidant enzymes in OSAS patients.  
 

Keywords: GFAAS, Se (IV), GPx.  
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Trace elements are essential nutrients with regulatory, immunologic, and antioxidant 

functions resulting from their action as essential components or cofactors of enzymes 

throughout metabolism. They play a part in the synthesis and structural stabilization of both 

proteins and nucleic acids. Therefore, imbalances in the optimum levels of trace elements may 

adversely affect biological processes, and are associated with many diseases . Trace elements 

like manganese (Mn), copper (Cu), zinc (Zn) etc. have been studied in many diseases, including 

autoimmune diseases, cardiovascular, hypertension and psychiatric disorders[1,2].  

 

Obstructive sleep apnea syndrome (OSAS) is a disorder that affects the respiratory 

system and upper airway during sleep (apnea, hypopnea). Continuous apnea/hypopnea in 

OUAS results with cardiovascular and cerebrovascular morbidity and is emerged as an 

independent risk factor for mortality[3]. In this syndrome, as a cause of cardiovascular risk, 

increased oxidative stress and reduced antioxidant defense of the body is involved.  

In this study, we aimed to determine the levels of mangan(Mn) element with related 

antioxidants of superoxide dismutase  enzymes in OSAS patients and these levels were 

compared with control groups. 

 

Our study consists of 38 OSAS patients and 27 control individuals. Serum samples were 

taken after polysomnographic examination. Serum Mn (II) concentration from patients and 

healthy control were measured by GFAAS. Antioxidant enzyme activities of SOD were 

determined using enzyme-mediated immuno–sorbent (ELISA) detection. Results are given as 

mean ± SD and data were compared using student-t test, p<0.05 were regarded as significant. 

Serum and Mn(II) levels in patients with OSAS were significantly lower than control 

individuals (p<0.0001). Serum SOD activity in OSAS group were lower than control subjects 

but there was no significance (p>0.05). 

 

Our results suggested that OSAS patients have lower Mn(II) levels and decreased SOD 

activities compared to healthy controls. It is clear that in OSAS patients the antioxidant capacity 

is reduced following by increased oxidative stress. In conclusion, supporting of Mn(II) can 

increase the activities of antioxidant enzymes in OSAS patients.  
 

Keywords: GFAAS, Mn (II), SOD, Antioxidant,  
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Rosuvastatin (RSV) is an HMG Co-A inhibitor and Ezetimibe (EZT) is an intestinal 

cholesterol absorption inhibitor. RSV is used to treat hypercholesterolemia in patients with type 

2 diabetes mellitus, but many of these patients fail to achieve the target LDL-C level. Recent 

reports have suggested that a synergistic effect can be obtained by concomitant administration 

of the cholesterol absorption inhibitor EZT and a statin group drug (1). 

 

Simultaneous determination of multicomponent mixtures could be performed by 

derivative uv-vis spectrophotometry under the Lambert-Beer law compatible conditions. 

Concentration of the species could be calculated by using standard calibration curves and 

absorbance measurement results of the mixture (2-3).  The aim of the study is develop a zero 

cross derivative uv-vis spectroscopic method for the simultaneous determination of RSV and 

EZT. 

 

The mixture of EZT (15 mcg/mL) and RSV (15 mcg/mL) prepared in a volumetric flask 

with Methanol:Water (60:40 v/v) and the uv-vis spectrum recorded against to blank solvent at 

Shimadzu UV-2550 spectrophotometer. Data processing performed with UVProbe 2.42 

software. 

 

The first derivative amplitudes at 236 and 228 nm were selected for the determination 

of EZT and RSV respectively. The linearity ranges were determined between 1,0 – 20,0 

mcg/mL (R2:0,9972) and 2,5 – 40 mcg/L (R2:0,9983) RSV and EZT respectively. The amount 

of RSV and EZT in mixture solvent calculated from calibration curves.  

 

The proposed method give good results for the determination of the EZE and RSV in 

the mixture solutions of them and the method will apply to estimation of these drugs in combine 

tablet formulations in the next step of our study 
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Histamine is known as a biogenic amine, which is low molecular mass and possesses 

biological activity for its complex physiological role in human body [1]. The compound is 

essential in humans owing to its important role in functioning of physiological processes, such 

as neurotransmission, allergic reactions, microcirculation regulation [2]. For all these reasons, 

a simple, inexpensive and rapid analytical method is now required for the accurate and reliable 

monitoring of histamine in the related samples all over the world. 

A new and sensitive analytical method for the indirect determination of histamine in 

fish samples, dairy products, and alcoholic beverages by flame atomic absorption spectrometry 

(FAAS) was developed. The method is based on the complex formation of histamine with 

Fe(III) and 2′,4′,5′,7′-tetrabromofluorescein (eosin) at pH 4.5, and then extraction into the 

micellar phase of polyethylene glycol dodecyl ether (Brij 35). In this study, ultrasonic assisted 

cloud point extraction (UA-CPE) procedure was used for separation/preconcentration of 

histamine from the related sample matrices. The optimal conditions were established, and a 

good preconcentration was achieved using 25 µmol L-1 Fe(III), 5 µmol L-1 eosin, 10 mmol L-1 

Brij 35 and 0.7 % (w/v) Na2SO4, pH 4.5 citrate buffer, equilibrium temperature of 45 oC, 

incubation time of 20 min  and ultrasonic effect of 40 kHz at 300 watt. At optimal conditions, 

a detection limit of 0.25 µg L-1 with a sensitivity improvement of 143-fold in linear working 

range of 0.8–170 µg L-1 was obtained. The proposed method was evaluated for the analysis of 

some food samples and received a good recovery with the standard addition assay. In addition, 

the validity of the method was tested by intra- and inter-day precision studies and recovery 

experiments, obtaining satisfactory results. To our knowledge, this method is also the first study 

for indirect determination of histamine in the selected samples using UA-CPE coupled to 

FAAS.  

Keyword: Eosin, Fe(III), Indirect Determination, Histamine, Food, Preconcentration, Atomic-Based 

Method 
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Indirect Determination of The Flavor Enhancer Maltol in Foods and 

Beverages by Ultrasonic Assisted Extraction Coupled to Flame Atomic 

Absorption Spectrometry 

Ulaş Orhan*, Nail Altunay, Ramazan Gürkan, Emre Yıldırım 

 Cumhuriyet University, Faculty of Sciences, Department of Chemistry, TR-58140, Sivas, Turkey  
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Contamination of food and beverage samples with food dyes, food additives and flavor 

enhancer has motivated the development of determination and extraction methods. One of the 

chemical species, which is used as a potent flavor enhancer in foods and beverages, is maltol 

(3-hydroxy-2-methyl-4H-pyran-4-one) [1]. Therefore, it is important to develop simple, low 

cost, and sensitive methods for the accurate and reliable determination of maltol in food 

products. 

In the current research, a simple ultrasonic assisted extraction procedure was 

recommended and combined with flame atomic absorption spectrometry (FAAS) for the 

indirect determination of flavor enhancer maltol in selected food and beverages. Under 

ultrasonic power, the extraction process is based on the charge transfer complexation of 3-

Hydroxy-2-methyl-4-pyrone (maltol) with Cu(II) ions in presence of 2,9-dimethyl-4,7-

diphenyl-1,10-phenanthroline (bathocuproine, BCP), which is selective neutral ligand for Cu(I) 

ions, and sodium dodecyl sulphate (SDS) at pH 6.5, and then extraction of ion-associate 

complex into the micellar phase of nonionic surfactant, polyethylene glycol sorbitan 

monooleate (Tween 80). All factors affecting the complex formation and extraction conditions 

were extensively evaluated and optimized. This procedure were carried out with the optimum 

conditions: pH 6.5; frequency 45 kHz; temperature 65 oC; complexing concentration, BCP, 40 

µmol L-1; SDS concentration 15 µmol L-1; sample volume 25 mL; Tween 80 concentration 0.09 

mmol L-1; solvent type and volume, THF and 1.0 mL. For the indirect determination of maltol 

using FAAS, the signal changes of Cu(II) was investigated in detail depending on maltol 

concentration. Under optimum conditions, the analytical parameters of the proposed procedure 

was found as follows; linear working range, 4-230 µg L-1; the limit of detection (LOD), 1.24 

µg L-1; sensitivity enhancement factor, 150; and relative standard deviation (RSD %), 2.6 %. 

The proposed procedure was validated by intra- and inter-day precision studies using standard 

addition method, was obtained with the recoveries in the range of 92.1–107.8 %. As the last, 

the proposed method was successfully applied to the indirect determination of maltol in foods 

and beverages. 

Keyword: Flavor Enhancer, Maltol, Ultrasonic Assisted Extraction, Indirect Determination, Foods, 

Foods/Beverages 
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A Novel Colorimetric Sensor Based Schiff Base for Mercury(II) Ion  
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In recent years, heavy metal ions has emerged as an attractive goal in the field of 

chemical sensors due to the high level contamination of  environment [1]. As extremely toxic 

metal mercury ion whıch has high affinity for thiol groups in proteins and enzymes, can enter 

human cell easily. It cause several diseases such as minimata disease, nerve disorder and 

perforation of stomach [2] 

In literature, several analytical methods such as AAS, ICP-MS, electrochemical 

determination…etc, have been proposed for the determination of mercury ions. Recently, great 

attention has been also paid to improvement of optical chemosensors for the detection of 

mercury ion. The optical chemosensor has more advantages in comparison with other reported 

methods with regard to simple pretreatment procedure, low cost, high selectivity and sensitivity, 

fast response time. 

The aim of this study is to reveal the high selective colorimetric response of 1- (( 4-(3-

(2,5-dimethylphenyl)-3-methylcyclobutyl)thiazol-2-yl)imino)methyl)naphthalen-2-ol ligand  

towards mercury (II) ions. Result show that the presence of Hg+2, the color of proposed 

chemosensor changed from yellow to oranged-color. 

 

Fig.1.  Structure of 1-(((4-(3-(2,5-dimethylphenyl)-3-methylcyclobutyl)thiazol-2-yl)imino)methyl)naphthalen-

2-ol with Hg+2 ion. 

Keywords: Colorimetric Sensor, Mercury (II) Ions, Schiff Base 
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The water-soluble vitamins include the Vitamin B9 (folic acid, FA), which is essential 

in very small amounts for the normal functioning of the body [1]. The FA is a generic term 

referring to the mono- to poly-glutamate derivatives of pteroic acid that occur naturally in many 

foods, and have the important biological tasks such as amino acid interconversions, synthesis 

and repair and functioning of DNA on human metabolism [2].  

A simple and efficient ultrasonic assisted extraction (UAE) procedure for 

preconcentration of (2S)-2-[(4-{[(2-amino-4-hydroxypteridin-

yl)methyl]amino}phenyl)formamido]pentanedioic acid (folic acid) in vegetables, 

pharmaceuticals and foods prior to the determination at 540 nm using UV-Vis 

spectrophotometry has been proposed. The method is based on hydrophobic ternary complex 

formation of folic acid with silver ions in the presence of cetyl trimetyl ammonium bromide 

(CTAB) as sensitivity enhancer counter ion at pH 7.0, and then extraction into micellar phase 

of polyethylene glycol monoalkyl ether (Genapol X-080). The matrix effect on the 

preconcentration and determination of folic acid was investigated, and it was observed that the 

proposed method was highly selective against possible matrix concomitants. Under optimized 

conditions, the calibration graph was obtained in the range of 0.6–180 μg L−1 with a detection 

limit of 0.19 μg L-1 and quantification limit of 0.63 μg L-1. The applicability was evaluated 

using samples fortified at different concentration levels, and the higher recoveries than 94.1 % 

was obtained. The precision as the percent relative standard deviation, RSD % were in range of 

2.5-3.8 % (10 and 40 μg L-1, n: 5). The proposed method was validated by analysis of the two 

standard reference materials (SRMs) and various real samples, and the satisfactory results were 

obtained.  
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Figure 1. The absorption spectra of micellar system against analyte blank in presence of folic 

acid at levels of 5 and 30 µg L-1. 
Keywords: Folic Acid, Vegetables, Silver, Ultrasonic-Assisted Extraction, UV Spectrophotometry. 
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Selenium (Se) are essential for certain physiological reactions, including thyroid 

hormone metabolism, antioxidant defense systems and immune functions. But, its excessive 

intake is harmful to human health. (Stosnach, 2010). Therefore, a new, simple and reliable 

analytical method for the highly sensitive determination of trace Se in real samples need to be 

established for the assessment of human exposure. 

In the present investigation, a simple and efficient ultrasonic assisted extraction (UAE) 

procedure was developed for preconcentration of selenite, Se(IV) from sample matrix prior to 

analysis by spectrophotometry at 620 nm. The method is based on pH sensitive charge transfer 

complexation between 7-hydroxy-3H-phenoxazin-3-one 10-oxide (resazurin) and triiodide, I3
-

, which is produced by reaction of Se(IV) with excess KI in presence of cetylpyridinium 

chloride (CPC) at pH 5.0, and then extraction of the formed complex into micellar phase of 

polyethylene glycol monoalkyl ether (Genapol X-080). The process offers good sensitivity, 

ease of use and short analysis time. At optimal conditions, the calibration graph was linear in 

the range of 2.5–120 µg L-1 with a preconcentration factor of 100. The validity was evaluated 

by analysis of two certified reference materials (CRMs) and recovery test. Finally, the method 

was successfully applied to determination of selenium in water, vegetable and food samples. 
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Figure 1 (a) The absorption spectra of charge transfer complex as a function of absorption 

wavelength, nm in absence and presence of Se(IV) at levels of 20, 40 and 60 µg L-1 (b) Linearity 

relationship of analytical signal corrected against blank with increasing selenium concentration 

for three replicate measurements at peak maximum. 

Keywords: Selenium Determination, Resazurin, Ultrasound Assisted Extraction, Foods, Vegetables, 

Spectrophotometry 
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Quantitative Analysis of a Caffeine and Methamizol in a Pharmaceutical 

Product 
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Drug pharmaceutical preparations for the therapy of pain of weaker genesis contain the 

different components, usually acetylsalicylic acid and paracetamol with caffeine, codeine, 

derivates of pyrazolones, barbiturates, vitamins, phenacetine, pentazocine which can improve 

the pharmacological value of these preparations. Concerning the different mechanism of action, 

they sometimes act as synergists which lead to a better efficiency. Since each component in the 

multicomponent preparation is in the fewer amounts than in the mono component of each one, 

the main metabolic organs are less loaded since any components engages the different 

subsystem of metabolism[1]. 

 

The quality control of dosage form preparations of drug requires reliable and quick 

analytical methods. UV/VIS spectrophotometry is by far the instrumental technique of choice 

of industrial laboratories, owing mainly to simplicity, often demanding low cost equipment. 

Simultaneous quantitative analysis of pharmaceuticals containing multi-active compounds is 

difficult to perform by classical spectrophotometric method due to overlapping spectra [2]. In 

recent years, multivariate chemometric methods seem to be the techniques showing a best 

performance in terms of complex mixture solution [3]. 

 

A multivariate calibration-prediction techniques, principal component principal 

regression models were applied to the spectrometric multicomponent analysis of the drug 

containing caffeine and methamizol without any separation step. The selection of variables was 

studied. A series of synthetic solution containing different concentrations of  MET and CAF 

were used to check the prediction ability of the PCA-PCR. The results obtained in this 

investigation strongly encourage us to apply these techniques for a routine analysis and quality 

control of the drug. 
 

Keywords: PCA-PCR, Caffeine, Methamizol, Chemometry 
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Codeine is a morphine (morphine 3-methyl ether), consisting of morphine by methylation of 

the phenolic OH group[1]. Morphine be methylated in a way that reduces the impact of its 

analgesic and addictive activity significantly, but it does not weaken over the antitussive 

activity. Codeine, opium (opium) are contained in the natural rate of about 0.5% is obtained by 

extraction from opium or poppy capsule or with morphine methylation is carried out by semi-

synthesis. Codeine use is subject to control, according to the legislation in Turkey but some 

preparations containing codeine "drug" does not count [2]. Worked in the chemical structures 

of these two substances are shown in Figure 1.  

  
    Codeine  Acetaminophen 

Figure.1 Structures of the two studied compounds 

 

For the validation of this chemometric method, a calibration set of 15 binary mixtures 

containing compounds in the working range of 5-25 μg/mL for COD and 8-40 μg/mL for ACE 

was prepared in %  96 Ethanol. Calibration sets 200-300 nm range absorption spectra were 

recorded. The chemometric calibrations were constructed by using the relationship between the 

calibration set and its corresponding absorption data obtained in the range 220-280 nm.  The 

synthetic mixtures of two drugs were used for the validity of the calibrations. Means recoveries 

(percent) and relative standard deviation of ICA-ANN methods were found to be  100.03%  / 

1.02%  and 100.11% / 1.29 % for COD and ACE respectively. 

 

In the next step, the ICA-ANN method was applied to the simultaneous determination of COD 

and ACE in commercial pharmaceutical preparations and successful results were obtained. 

 
Keywords: Codeine, Acetaminophen, ICA-ANN, Pharmaceutical. 

 
References 

[1] The Merck Index, An Encyclopedia of Chemicals, Drugs and Biologicals, 13th Ed. Whitehouse 

Station, NJ 2001 

[2] T. Değim,C.  Akay,K.  Büyükafşar,  S. Cevheroğlu, J. Pharm.Biomed. Anal. (2001) 26 15-21. 

 
 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

198 

 

P2-18 

A Simple and Green Procedure for Preconcentration of Acrylamide from 

Thermally Processed Foods Prior to Its Spectrophotometric Detection 

Sema Korkmaz*, Ramazan Gürkan, Mehmet Tetik, Nail Altunay  

University of Cumhuriyet, Faculty of Sciences, Department of Chemistry, Sivas, Turkey 

*E-mail: semakorkmaz92@hotmail.com 

 

Acrylamide (AA) is a low-molecular-weight vinylic compound. It is a colorless and 

odorless crystalline substance and it is highly water soluble, easily reactive in air, and rapidly 

polymerizable [1]. The AA can be especially formed in high temperatures heating of 

carbohydrate-rich foods. According to the research, neural destructions was observed in people 

exposed to this chemical [2]. The AA is also estimated to be a human carcinogen. According 

to Food and Agriculture Organization of the United Nations and World Health Organization, 

daily intake of the AA from the food can be in the range of 0.3–0.8 μg kg-1[3]. The excess of 

this value  can cause toxic properties. In conclusion, we can say that the AA creates a risk for 

human health only in the cases of long term exposure to it [4]. Thus, the determination of trace 

the AA residues in foods needs the development of new, cost-effective, saple, and powerful 

analytical methods in terms of control the quality attributes.  

In the current study, a simple ultrasonic assisted extraction procedure was recommended 

and combined with spectrophotometry for the determination of the AA in processed food 

samples. Under ultrasonic power, the extraction process is based on the charge transfer 

complexation of prop-2-enamide (acrylamide) with Sn(IV) ions in presence of phenyl safranin 

and potassium fluoride (KF) at pH 5.0, and then extraction of ion-associate complex into the 

micellar phase of nonionic surfactant, (1,1,3,3-Tetramethylbutyl)phenyl-polyethylene glycol 

(Triton X-114). This procedure were carried out with the optimum conditions: pH 5.0; 

frequency 40 kHz; temperature 45 oC; ultrasonic time 20 min; complexing concentration, 

phenyl safranin, 15 µmol L-1; KF concentration 50 µmol L-1; sample volume 10 mL; Triton x-

114 concentration 0.23 mmol L-1; solvent type and volume, methanol and 0.5 mL. Under 

optimum conditions, the analytical parameters of the proposed procedure was found as follows; 

linear working range, 10-180 µg L-1; the limit of detection (LOD), 6.7 µg L-1; sensitivity 

enhancement factor, 90; and relative standard deviation (RSD %), 2.2 %. The proposed 

procedure was validated by intra- and inter-day precision studies using standard addition 

method. As the last, the proposed method was successfully applied to the determination of 

acrylamide in processed food samples such as chips, crackers and cereal-based baby. 

 

Keywords: Acrylamide, Processed Foods , Food Safety, Preconcentration, Spectrophotometry  

References: 

1. Claus A, Reinhold C, Andreas S. Journal of Cereal Science (2008) 47:118-133. 

2.  Friedman, M. Levin, C.E. Journal of Agricultural and Food Chemistry (2008)  56:6113-6140. 

3. International Agency for Research on Cancer (IARC). Acrylamide, IARC Monographs on the 

Evaluation of Carcinogenic Risks to Humans. Some Industrials Chemicals, International Agency 

for Research on Cancer, Lyon, France  (1994) 389–433.  

4. FAO/WHO Health implications of acrylamide in food. Report of a joint FAO/WHO  consultation. 

(2002). WHO, Geneva. 

 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

199 

 

P2-20 

Method Development and Validation of Derivative Spectrophotometric 

Method  for  the Quantitative  Determination of Nebivolol in  Dosage Froms 

Cihan Saygacık , Ali Kemal Ateş, Nevin Erk 

Department of Analytical Chemistry, Faculty of Pharmacy, Ankara University, Tandoğan, Ankara, 

Turkey 

*E-mail: akates@ ankara.edu.tr 

 

 Three simple, accurate, and rapid spectrophotometric methods are proposed for the 

determination of nebivolol  in dosage forms.  The firstly method is direct UV 

spectrophotometry. In this method, absorbance values of standard and  sample solutions in 

methanol were measured at 280.779 nm. As a result of experiments  that  performed in  15.0-

90.0 µg/mL working range,  calibration curve was plotted  and  the  coefficient  of  correlation  

was  calculated as 0.9991.  The  second applied  method  in  this  study   is  first  derivative UV 

spectrophotometry. Solutions of  Standard  and  samples’  derivative  absorbance  values  were  

measured at 227.450 , 271.111 and  291.677  nm’s.  Measured  first derivative absorbance 

values, by plotting  against  the  concentration,  the  working  graphs  were  obtained. According 

to the data which is obtained, the correlation coefficency’s being approximate  to 1 points  out  

that  the  sensibility  of  the  method  is  higher.   In scope of this project, the third method is 

second derivative UV spectrophotometry. This method  was applied to the standard and sample 

solutions containing nebivolol and second  derivative  absorbance  values of these  solutions 

were  measured at 289.801 and 294.044 nm.  Linear  working  range  was 15.0-90.0 µg/mL.  

Calibration  graphs  of  246.5 and  284.4  nm’s’  coefficients  of  correlation  were  0.9988  and  

0.9996,  respectively.  With these spectrophotometric methods which is applied, successful 

results were obtained for preparations containing Nebivolol. 

Keywords: Antihypertensive, Nebivolol, Direct UV Spectrophotometry, Derivative UV 

Spectrophotometry, Second Derivative UV Spectrophotometry 
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In this study, a novel and simple spectrophotometric method was developed for the 

multicomponent quantitative estimation of rosuvastatin and amlodipine in tablets. 

 

Standard solutions of rosuvastatin and amlodipine were prepared in the working range 

of 4.0-28.0 µg/mL. Absorbance spectra of the sample solutions were recorded between 200-

450 nm as illustrated in Figure 1. Conventional spectrophotometric approach was unable to 

analyze these two drugs in their combination due to their overlapping spectra. Bivariate and 

multivariate calibration techniques were applied for simultaneous determination of rosuvastatin 

and amlodipine [2-3]. 

 

In order to construct the bivariate calibration method, 22 different regression equations 

were computed using known concentrations and absorbance values in different wavelengths 

between 224 and 371 nm. The slope values were used to create the sensitivity matrices. 

Determinant of the sensitivity matrices were calculated for each wavelength pair and illustrated 

in Figure 1. Optimal wavelength pair was chosen using Kaiser’s technique and an equation set 

was constructed using this wavelength pair in order to apply bivariate calibration approach. 

Multivariate calibration technique was applied by using all 22 regression equations. 

                               
Figure 1. Wavelenght pairs and corresponding sensitivity values 

 

Validation studies were performed by analyzing various synthetic mixtures, standard addition 

samples and intra- and inter-day samples. After proving validity and applicability of the 

proposed methods, they were applied to the analysis of real tablet samples and successful assay 

results were obtained. 

 
Keywords: Rosuvastatin, Amlodipine, Spectrophotometry, Bivariate Calibration, Multivariate 

Calibration 
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Nilotinib a tyrosine kinase inhibitor which has been approved by the Food and Drug 

Administration (FDA) for the treatment- intolerant adult patients in the chronic phase and 

accelerated phase of Philadelphia chromosome positive chronic myelogenous leukemia 

[1].Regorafenib is an oral multi-kinase inhibitor which targets angiogenic, stromal and 

oncogenic receptor tyrosine kinase. Regorafenib demonstrated to increase the overall survival 

of patients with metastatic colorectal cancer and has been approved by the US FDA in 2012. 

[2]. 

In this study, a simple, rapid and accurate spectrophotometric method was developed 

for the simultaneous determination of two tyrosine kinase inhibitors. The method is based on 

the first derivation of ratio spectra. This method has been successfully applied to the binary 

mixtures. The linear range was 1-20 μg/mL for both drugs. The drugs in the mixture analyzed 

in methanol at 212 and 247 nm wavelengths for regorafenib and nilotinib respectively. 

 

 

Figure 1: Nilotinib hydrochloride monohydrate (a), regorafenib monohydrate (b). 

Keywords: Nilotinib, Regorafenib, Simultaneous Determination, Spectrophotometry. 
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Silodosin (SLD), 1-(3-hydroxypropyl)-5-[(2R)-({2-[2-[2-(2,2,2- trifluoroethoxy ) 

phenoxy] ethyl} amino) propyl]indoline-7-carboxamide, selective antagonist of α-1-

adrenoreceptors and a class of medications called alpha-blockers used for symptomatic 

treatment of benign prostatic hyperplasia (Figure 1).  

 

 

 

 

Figure 1. Chemical structure of silodosin 

 

 

Several analytical methods were presented for determination of SLD in previous studies 

[1-2]. It wasn’t observed a first derivative spectrophotometric method in literature. The aim of 

our study was to develop two (UV and first-derivative) spectrophotometric method for 

determination of SLD in the samples from human plasma. It’s also intended to achieve the 

extraction procedure which has high recovery percentage with low plasma volumes.  

A standard stock solution (1 mg/mL) of SLD was prepared and the standard working solutions 

(5- 50 µg/mL, for both methods) were prepared by dilution of the stock solution. Measurements 

were carried out at 270 and 281 nm wavelength for UV spectrophotometric and first-derivative 

spectrophotometric method, respectively.  

LOQ and LOD values were calculated to be 5 µg/mL and 3 µg/mL, respectively. The mean 

recovery value of the extraction procedure was statistically calculated and it was founded as 

96.8%. The methods were validated according to ICH guideline. According to the results of 

this study, the spectrophotometric methods for determination of silodosin have particularly 

advantageous in terms of rapid, simple and cheap method for rapid determination of silodosin 

in quality control studies. 

Keywords: Silodosin, Spectrophotometry, Human Plasma      
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There are different biologically important aromatic vic-diols (containing adjacent 

hydroxyl substituents) such as catechols, epinephrine and dopamine. Additionally, 2,3- 

dihydroxy benzoic acid (2,3-DHBA) is one of the most important indicators of hydroxyl radical 

damage in the human body. These DHBA derivatives can be determined selectively among 

other diols as described by Barnum1. In the present study, salicylic acid was decomposed to 

DHBAs (namely 2,3- ; 2,4- ; 2,5-DHBA) and catechol, using hydroxyl radicals produced by 

the Fenton reaction (between Fe(II)-EDTA complex and H2O2). After this operation an aliquot 

was withdrawn and nitrated using sodium nitrite in weakly acidic medium and then sodium 

molybdate (VI) was added. After the mixture was let to stand at room temperature, NaOH 

solution was added to produce a red complex according to proposed reaction below and the 

absorbance was read at 510 nm.  

                                

On the other hand, selective vic-diol determination was applied to all mentioned 

DHBAs and catechol standard solutions. While 2,3-DHBA and catechol caused an absorption 

at 510 nm, none of the other DHBA isomers absorbed at this wavelength (Figure 2).  

 

The residual salicylic acid, generated DHBAs and catechol after Fenton reaction were 

measured using HPLC (slightly modified from Singh et al.2); the contents of 2,3-DHBA and 

catechol were determined and compared with spectrophotometric results. The Fenton reaction 

was repeated in the presence of antioxidants and because of the radical scavenger effects of 

antioxidants, the amounts of generated DHBAs and catechol decreased.  

Keywords: 2,3-Dihydroxybenzoic Acid, Catechol, Salicylic Acid, HPLC 
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Figure 1. Spectrophotometric 

determination of vic-diols 

 

Figure 2. Absorbance spectra of DHBAs 

and catechol according to proposed 

method 
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Dyes and pigments are widely used as coloring agents. The total dye consumption in 

the textile industry worldwide is more than 10.000 ton/year. The release of colored waste water 

from these industries may present an eco-toxic hazard [1]. Rhodamine B, a red dye, is used as 

a colorant in textile, plastic, leather, dyeing, paper, and printing industries. However, it is 

harmful to humans and animals, causing irritation to the skin, eyes, and respiratory tract. 

Because of the fact that the Rhodamine B is present at low levels in the environment samples 

and sample matrices are very complex, direct analysis is difficult and therefore, it is necessary 

to develop a separation/ pre-concentration method [2]. Among these methods, magnetic solid 

phase extraction is an important technique that uses a magnetic material as a solid adsorbent. 

The adsorbents are dispersed in the solution and can be simply isolated from the sample solution 

with an external magnet. The method has the advantages of high extraction efficiency, simple 

separation and good reusability [3]. Aerogels are three-dimensional networks consisting of 

interpenetrating micropores and mesopores. Among them, RGO-based aerogels have attracted 

significant attention due to their peculiar properties, including low density, high surface area, 

and large open pores [4].  

In this study, Fe3O4/reduced graphene oxide aerogel was synthesized and characterized. 

It was used for the first time as an adsorbent for the solid phase extraction of Rhodamine B. 

The determination of Rhodamine B was carried out at a wavelength of 554 nm by 

spectrophotometry. The parameters affecting quantitative recovery of Rhodamine B such as 

pH, amount of adsorbent, contact time for adsorption and elution, elution type, volume and 

concentration were investigated. The optimum solution pH and adsorbent amount were found 

to be 2 and 75 mg, respectively. Vortexing was used for adsorption and ultrasonication was 

used for elution process. The contact times for adsorption and elution were 2 min. and 10 min., 

respectively. Elution was made by 1 mL ethanol.  

Keywords: Fe3O4/Reduced Graphene Oxide, Magnetic Solid Phase Extraction, Rhodamine B, 

Spectrophotometry 
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Bisphenol A (BPA) is a chemical monomer used in the production of polycarbonate and 

epoxy-phenolic resins. Polycarbonate (PC) is widely used in the manufacture of food containers 

(e.g., milk, water and infant bottles) and epoxy resins are used as an interior protective lining 

for food and beverage cans. As a result of these food contact uses, trace amounts of bisphenol 

A can potentially leach out into the water or food and consumers may be exposed to bisphenol 

A through the diet (1-6). 

In this sense, due to possible toxic effect of bisphenol A on human health, a new kinetic 

spectrophotometric method for the determination of bisphenol A in food samples for fixed time 

method of 5 min at 447 and 476 nm was established. The method is based on selective and rapid 

reduction of Mn(III)(C2O4)2
- and/or Mn(III)(P2O7)

-  with trace amounts of bisphenol A in 

presence of CPC as both counter ion and sensitivity enhancer at pH 5.5 and 6.5 respectively. 

The influences of pH, concentration of reactants, reaction time, reaction temperature, and 

interfering ions on absorbance change, A were evaluated in detail, and the optimum reaction 

conditions were established based on analysis results. The results, which were provided by 

optimal reaction conditions, show that there is a good linear relationship between the absorption 

change of each ternary complex and the concentration of bisphenol A in range of 5-200 µg L-1 

with a detection limit of 1.46 µg L-1 and 2-120 µg L-1 with a detection limit of 0.58 µg L-1.The 

method was used in the determination of bisphenol A in the selected food samples, the relative 

standard deviations were in range of 3.20-4.70 % and 2.85-4.35% (25, 100 µg L-1, n:5) 

respectively and the recoveries were quantitative in range of 96.8-99.5% and 97.2-101.3% (25, 

100 µg L-1, n: 5) with satisfactory results. 

 

 Key Words: Bisphenol A; Mn(III)-Oxalate, Mn(III)-Pirofosfat; Food Samples; Fixed Time Method; 

Kinetic Spectrophotometry 
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In this study, molecular imprinted magnetic nanoparticles (MIP-MNPs) were 

synthesized and used for the selective determination of aldosterone hormone. Magnetic 

nanoparticles were synthesized by co-precipitation of Fe2+ and Fe3+ in alkaline medium1. 

Subsequently, functional monomer dopamine and template molecule aldosterone were 

polymerized via self-oxidative polymerization in alkaline medium to imprint thin polymer films 

on the surface of the magnetic nanoparticles2. The synthesized nanoparticles were characterized 

by FT-IR, XPS, TEM and VSM analysis. The selectivity of the MIP-MNPs to aldosterone was 

verified by direct adsorption of hormone in the presence other hormones. Aldosterone was 

determined by UV-VIS spectrometry at 280 nm after removal from MIP-MNPs. It was observed 

that the MIP-MNPs indicated excellent selectivity. The maximum Langmuir adsorption 

capacity for aldosterone was 22.9 mg g−1. The MIP-MNPs maintained its adsorption capacity 

up to thirteen adsorption–desorption cycles without significant loss. The accuracy and precision 

of the method were checked by determining aldosterone in the spiked water samples. The 

recoveries were above 95% (Table 1).  

Table 1. Recovery of aldosterone in water after extracted from MIP-MNPs (n = 3). 
 

Added aldosterone, 

mg/mL 

Found aldosterone, 

mg/mL 

Recovery, % RSD, % 

0.5 0.49 ± 0.03 98 6.1 

1.0 0.98 ± 0.05 98 5.1 

2.0 1.98 ± 0.08 99 4.0 

 

Keywords: Self-Oxidative Polymerization, Aldosterone, Molecular Imprinted, Magnetic 

Nanoparticle. 
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Determination of BSA by Glutathione-Modified Silver Nanoparticles in the 

Presence of Metal Ions 
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Abstract 

A colorimetric method for the determination of bovine serum albumin (BSA) using 

glutathione-modified silver nanoparticles in the presence of some metal ions is reported. Silver 

nanoparticles were prepared by NaBH4 reduction of silver nitrate and stabilized with using 

glutathione (GSH). The modified nanoparticles and formed complexes between GSH modified 

silver nanoparticles-metal ion-BSA were analyzed by ultraviolet-visible (UV-Vis) 

spectroscopy. Nine metal ions were used for complex formation: Ag+, Cd2+, Co2+, Cu2+, Fe3+, 

Hg2+, Ni2+, Pb2+ and Zn2+. Absorption changes were measured to see formed complexes. The 

shifted absorption peaks obtained in the presence of Cd2+, Cu2+, Ni2+ and Zn2+ ions. These peaks 

were intensified depending on the BSA concentrations. The obtained linear determination 

ranges for BSA were 5-200 μg/mL, 10-400 μg/mL, 50-500 μg/mL, 100-500 μg/mL in the 

presence of Cd2+, Cu2+, Ni2+ and Zn2+ ions, respectively. IR spectroscopy and atomic force 

microscope were also used for characterization of modified nanoparticles and complexes. 
 

Keywords: BSA, GSH, Silver Nanoparticle, Modification, Metal Ions 

 

Introduction 

BSA is a soluble protein in the circulatory system and serves as a depot protein [1]. It 

participates in many enzymatic reactions and also used as blocking agent [2]. One of the major 

role of this protein is maintaining the osmotic pressure and pH of blood [3]. It is able to 

reversibly bind to endogenous and exogenous substances [4]. BSA also has unusual ligand-

binding properties [5]. There have been many methods reported to determine BSA in the 

literature. Yu et al. [6] used resonance rayleigh scattering (RRS) method for the determination 

of BSA. 3-(4'-methylphenyl)-5-(4'-methyl-2'-sulfophenylazo) rhodamine molecule associated 

with BSA in the presence of sodium dodecylsulphonate microemulsion. Hence, the RRS 

intensity had linear relationship with concentration of BSA. Suznjevic et al. [7] have reported 

determination of BSA by anodic stripping voltammetry with a rotating glassy carbon electrode 

in the presence of Hg(II) and Cu(II) ions. The method based on binding affinity of BSA towards 

to Hg(II) and Cu(II) and measurement of dissolution currents of metal ions. Jinghua et al. [2] 

have reported flow injection chemiluminescence sensor for the determination of BSA using 

molecularly imprinted polymeric microspheres. The polymer was synthesized using 

methacrylic acid (monomer) and ethylene glycol dimethacrylate (cross-linker) in the BSA 

template molecule. BSA was adsorbed on the polymer and then reacting with potassium 

permanganate and hydrochloric acid to obtain chemiluminescence signal. Lee et al. [8] have 

reported a fluorimetric method for the determination of BSA based on its enhancement effect 

of Nile Blue fluorescence via formed complex. Shrivastava and Dash [9] has reported 

colorimetric determination of BSA by un-modified silver nanoparticles. The described method 

based on interaction of BSA and silver nanoparticles and measurement of changed absorption 

properties.  
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GSH is an intercellular tripeptide consisting of γ-glutamic acid-cysteine-glysine amino acids 

[10]. It is a nonprotein thiol in mammalian cells and able to detoxification of the cell via binding 

to toxins such as heavy metals [11]. GSH was used as modification agent for silver 

nanoparticles in this study due to the high affinity of -SH groups toward silver nanoparticles. 

Silver nanoparticles have unique surface chemistry. At nanometer dimensions the electron 

cloud can oscillate on the particle surfaces and this oscillation known as surface plasmon 

resonance (SPR). Silver nanoparticles exhibit SPR bands and ultraviolet–visible spectroscopy 

(UV-vis) an effective monitoring method. 

 

In this study, we have investigated a new methodology for the determination of BSA in 

aqueous solutions by using GSH modified silver nanoparticles (AgGSH) in the presence of 

various metal ions. The method based on AgGSH nanoparticles-metal ion-BSA cooperative 

metal–ligand interactions. The linear determination concentration ranges obtained in the 

presence of Cd2+, Cu2+, Ni2+ and Zn2+ ions.  

  

Materials&Methods 

All of the used chemicals were of analytical grade. All the solutions were prepared with 

double distilled deionized water (Millipore 18Mcm-1 resistance). Silver nitrate (AgNO3), 

sodium borohydride (NaBH4) and studied metal ion salts, CoCl2.H2O, Cd(CH3COO)2, 

CuSO4.5H2O, HgCl2, FeCl3, Ni(NO3).6H2O, ZnCl2, Pb(NO3)2 was purchased from Merck 

Chemicals. GSH was purchased from Fluka and BSA purchased from Sigma-Aldrich. All used 

glass wares were washed with dilute nitric acid and ethanol to avoid contamination of metal 

and organic substances, respectively. FTIR spectra of samples were measured with Perkin 

Elmer spectrometer. UV-Vis absorption spectra were obtained by UV-Vis spectrophotometry 

(Shimadzu UV-Vis 160A) in a 1 cm quartz cuvette by measuring the full absorption spectrum 

of mixtures in the range of 200–800 nm. The morphology of the synthesized and modified 

nanoparticles were characterized by atomic force microscopy (AFM) using a NTMDT Integra 

instrument. 

 

Glutathione-modified silver nanoparticles were synthesized according to the published 

methods [10-12]. NaBH4 (0.01 g) was added to a concentrated aqueous solution of AgNO3 (100 

mL, 1 × 10-4 M) at room temperature in order to reduce silver ions. After stirring for 5 min to 

provide a homogeneous nucleation, an aqueous solution of GSH (2 mL, 1 × 10-3 M) was added 

to stabilize the silver nanoparticles. After aging the silver colloidal solution for 2 h, AgGSH 

nanoparticles were obtained and stored in the dark. 

 

Results&Discussion 

Figure 1 shows the absorption spectra of AgGSH, AgGSH-BSA, BSA, AgGSH-Cd2+-

BSA, AgGSH-Cu2+-BSA, AgGSH-Ni2+-BSA, AgGSH-Zn2+-BSA. The AgGSH absorption 

spectrum has a peak at around 395 nm. This absorption peak was little decreased with the 

addition of BSA to the solution due to nanoparticles-BSA interaction. BSA does not show 

significant absorption peaks. A board peak was observed in the AgGSH-Ni2+-BSA spectrum 

due to aggregation of nanoparticles via formed complexes. The absorption spectra of AgGSH-

Cd2+-BSA and AgGSH-Zn2+-BSA showed a red shift to 410 and 404 nm, respectively. In the 

case of the AgGSH-Cu2+-BSA complex, the absorption intensity increased and shifted to 403 

nm. According to the results, BSA interacted with both of the nanoparticles and metal ions.   

 

A linear relationship exists between the absorbance of the solution and the BSA 

concentration, at 412, 410, 403, 404 nm for AgGSH-Ni2+-BSA, AgGSH-Cd2+-BSA, AgGSH-

Zn2+-BSA, AgGSH-Cu2+-BSA, respectively (Figure 2). The obtained determination ranges are 
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50-500 µg/mL for AgGSH-Ni2+-BSA, 5-200 µg/mL for AgGSH-Cd2+-BSA, 100-500 µg/mL 

for AgGSH-Zn2+-BSA and 10-400 µg/mL for AgGSH-Cu2+-BSA. The linear equations for each 

case were shown in Figure 2. 

 

 
 

Figure 1. Absorption spectra of AgGSH, AgGSH-BSA, BSA, AgGSH-Cd2+-BSA, AgGSH-

Cu2+-BSA, AgGSH-Ni2+-BSA, AgGSH-Zn2+-BSA 

 

FTIR analyses (not shown here) were also provided the AgGSH-BSA and AgGSH-

metal ion-BSA interactions. The amide I and II peaks, which observed at 1643 and 1532 cm-1, 

were appeared in the range of 1643-1585 cm-1 in the AgGSH-metal ion-BSA spectra, 

respectively. Also, the carboxylate vibration peak of AgGSH (1408 cm-1) was shifted to 1413-

1417 cm-1 region in the AgGSH-metal ion-BSA spectrum. The shifted peaks indicating that 

these groups were participated to the complex formation.  
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Figure 2. Calibration curves of AgGSH-metal ion-BSA complexes 

 
Figure 3. AFM topographical image of AgGSH nanoparticles 

 

Figure 3 shows 2D-topographic AFM image of the assembly of aggregated silver 

nanoparticles. The particle aggregation is observed due to interaction with the other particles 

via charged groups.    

Conclusion 

We have demonstrated a BSA determination method based on glutathione-modified 

silver nanoparticles, metal ions and BSA complex formation. Best results obtained in the 

presence of copper ions. The absorption band of AgGSH was increased (except in the presence 

of Ni2+) and shifted from 395 nm to 403-412 nm region via formed complexes. In the presence 

of Ni2+, more aggregation observed due to strong AgGSH-Ni2+ complexes. The determination 

ranges varies between 5-500 µg/mL concentrations of BSA. The FTIR results verified the 

occurred complex formation. 
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 Molecular imprinted polymers (MIPs) are solid polymeric materials containing 

templates which have recognizing abilities chemically of specific molecules (or their 

derivatives). MIPs offer distinct advantages such as ease of preparation, low cost, tolerance to 

extreme thermal and chemical conditions, long shelf life, and enhanced versatility in 

experimental design compared to natural proteinaceuous receptors [1,2].  

Quercetin (3,3’,4’,5,7-pentahydroxyflavone, QC) widely occurring in leaves, fruits, and 

flowers of many plants is a flavone that has become the topic of increasing interest based on its 

antioxidant, antiviral and antitumor properties [3]. So preconcentration and/or separation of 

quercetin in complex multicomponent plant materials is an important research area. Tea that is 

recognized significant health protecting activity due to its high polyphenol content with many 

experimental studies is also the most consumed beverage worldwide [4].  

In this work, imprinted polymer for the isolation of QC was synthesized. This polymer was 

prepared thermally through bulk polymerization by using quercetin as the template molecule, 

4-vinylpyridine (4VP) as the functional monomer, ethylene glycol dimethacrylate (EDMA) as 

the cross-linker and 2,2’-azobisisobutyronitrile (AIBN) as the initiator in the porogen of 

acetone. Non-imprinted polymers (NIPs) were also synthesized without template. QC imprinted 

polymer with 1:4:20 molar ratio (template:monomer:cross-linker) was established as the most 

suitable polymer for recognition of QC due to having high selectivity for quercetin according 

to the other structurally related compounds [5]. Molecularly imprinted solid phase extraction 

(MISPE) using prepared quercetin imprinted polymer was applied to hydrolyzed black tea 

extract. The recovery yields from black tea of quercetin and kaempferol as a quercetin 

derivative were 66 % and 43 % respectively.  

 
Keywords: Molecularly Imprinted Polymer, Quercetin Imprinted Polymer, Quercetin, Black Tea. 
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Molecular imprinted polymers (MIPs) having distinct advantages such as ease of 

preparation, low cost, tolerance to extreme thermal and chemical conditions, and long shelf life 

are solid polymeric materials containing templates which have chemical recognition abilities 

for specific molecules (or their derivatives) [1,2].  

Caffeic acid (CA) is a hydroxycinnamic acid derivative which is present in many plants 

and beverages. It accounts for up to 70% of the total hydroxycinnamic acid content in fruits. 

Caffeic acid can slow down the process of inflammation, thereby providing protection from the 

hazardous effects of free radicals and against endothelial damage, etc. [3]. Rosmarinic acid 

(RA) is an ester of caffeic acid and 3,4-dihydroxyphenyllactic acid and has a number of 

interesting biological activities such as antiviral, antibacterial, antiinflammatory and 

antioxidant [4]. A large number of polyphenolic compounds, of which rosmarinic acid is the 

most abundant with antioxidant activity, have been identified in rosemary (Rosmarinus 

officinalis) extracts. In addition, rosemary extracts are used in medicine as antiinflammatory 

and antimicrobial agents [5].  

In this work, caffeic acid imprinted polymer was synthesized thermally through bulk 

polymerization by using caffeic acid as the template molecule, 4-vinylpyridine (4VP) as the 

functional monomer, ethylene glycol dimethacrylate (EDMA) as the cross-linker and 2,2’-

azobisisobutyronitrile (AIBN) as the initiator in the porogen of tetrahydrofuran (THF). Non-

imprinted polymers (NIPs) were also synthesized without template. CA imprinted polymer with 

1:4:16 molar ratio (template:monomer:cross-linker) was established as the most suitable 

polymer for recognition of CA due to its high selectivity for CA compared to other structurally 

related compounds. Also in this study preconcentration and purification of RA was performed 

by using CA-MIPs. Sorption parameters of the MIPs and NIPs were calculated by using 

Freundlich and Langmuir isotherms using RA solutions in ACN. Molecularly imprinted solid 

phase extraction (MISPE) using the prepared CA imprinted polymer was applied to rosemary 

extract. The recovery yield from rosemary of RA was 84 %.  
Keywords: Molecularly imprinted polymer, Caffeic acid imprinted polymer, Rosmarinic acid, 

Rosemary. 
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Olive is an ancient fruit and it is extremely rich in bioactive compounds, which 

contributes to its antimicrobial, anticarcinogen and antioxidant properties. Changes in total 

phenolics, phenolic profile and antioxidant activity (CUPRAC). of olive fruits of Edremit 

cultivar during black table olive production were investigated. Olive samples (n=4) were 

collected at days  120 and 240 of fermentation process and were compared to samples from 

beginning of the fermentation. Significant changes were observed in total phenolic compounds 

(from 4331.5 mg GA/kg to 2024.5 mg GA/kg) and antioxidant activities (from 10.84 mg TR/g 

to 6.89 mg TR/g) during fermentation period (P<0.05). Both the total phenolic content and 

CUPRAC values of olive fruits significantly decreased 54% and 37% respectively after 240th 

days of fermentation. Oleuropein, hydroxytyrosol, tyrosol, vanilin, rutin and apigenin 7 

glucoside were  identified and quantified by HPLC analysis as phenolic compounds of Edremit 

cultivar variety black olives. Decrease in oleuropein content was significant and it was around 

50% during fementation period resulting in increases in hydroxytyrosol, which was expected. 

Hydroxytyrosol is one of the principal degradation products of oleuropein. Final concentrations 

of oleuropein, hydroxytyrosol, tyrosol, vanilin, rutin, and apigenin 7 glucoside were 127.3, 

3021.2, 361.8, 50.1, 26.4 and 174.9 mg/kg respectively, in olive fruits to ready for consumption. 

Keywords: Black Table Olive, Fermentation, Phenolic Compounds, Antioxidant Activity 
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Production of Volatile Organic Compounds by  Five Species of Microalgae: 

the Use of Solid Phase Microextraction (Spme) Coupled to Gc-Ms as A 

Method of Analysis 
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There is an increasing demand for integration of microalgae as a whole biomass or their 

metabolites in a variety of foodstuffs. When the microalgal biomass/metabolites is integrated 

in food products, the investigation of their chemical and sensory properties are of 

importance. Additionally, in recent years, obtaining volatile organic compounds from 

vegetable and animal sources or using biotechnological methods in their production becomes 

prominent due to consumer preferences. Microalgae can also be a source from this aspect 

for production of these natural volatile compounds (Nor Qhairul Izzreen and Vijaya, 2011; 

Güneşer et al., 2015). 

In this study the volatile organic compounds (VoCs) of five species of microalgae were 

studied by using solid phase microextraction (SPME) coupled to GC-MS as a method of 

analysis. Three species of marine microalgae (Crypthecodinium cohnii, Schizochytrium 

limacinum and Tetraselmis chuii) and two fresh water microalgae (Chlorella vulgaris and 

Chlorella protothecoides) were investigated. Microalgae species were cultivated in 

heterotrophic/mixotrophic conditions and biomass were harvested at the end of logarithmic 

phase and fresh microalge pastes were used for VoCs analysis. Data analysis revealed that   

the freshwater microalgae C. vulgaris and C. protothecoides had relatively simple VoCs 

mainly composed of several ketones and alcohols compared to other species. C. cohnii which 

is relatively rich in polyunsaturated fatty acids had at high concentrations of sulphuric and 

ester compounds. Additionally, aldehydes were proved to be 

the most prevalent in Crypthecodinium cohnii and Schizochytrium limacinum species. 

Keywords: Microalgae, Heterotrophic/Mixotrophic Growth, Volatile Organic Compounds, SPME-GC-

MS  
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Effects of Different Pretreatment Methods on Production of Some Volatile 

Organic Compounds from Tomato and Pepper Pomaces   
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In recent years, obtaining volatile organic compounds from vegetable and animal 

sources or using biotechnological methods in their production becomes prominent due to 

consumer preferences. Production of these natural volatile compounds by utilizing 

lignocellulosic or organic agricultural or industrial wastes, which are abundant and 

sustainable sources, becomes more and more important in terms of both decreasing 

production costs and developing processes in which the present wastes can be utilized.  

In our country, especially in the Marmara and Aegean regions, a significant amount of 

tomato and pepper pulp comes out as a natural biologic waste in paste production industry. 

In our previous study, it was demonstrated that those pomaces have a potential to use for the 

production of natural volatile compounds via fermentation (Güneşer ve ark., 2015). In this 

study, firstly, a series of pretreatments (ultrasound, dilute acid and enzymatic hydrolysis and 

their combinations) were undertaken for an effective conversion of tomato and pepper 

pomaces into fermentable sugar. Secondly, the yeast K. marxianus which find industrial 

application due to its GRAS status was cultivated on pretreated mediums. Effects of different 

pretreatments on production of volatile organic compounds by K. marxianus were evaluated 

by HS-SPME-GC-MS analysis. Results were also compared with the control group and the 

yeast growing on Yeast Extract Peptone Dextrose (YPD) medium. The yeast grown in the 

medium obtained by ultrasound-assisted acid hydrolysis (2% H2SO4 solution) produced 

higher amount of ethyl acetate (21.6 mg/kg), isoamyl acetate (9.2 mg/kg) and phenylethyl 

acetate (17 mg/kg) compared to control and YPD grown group. Also, ultrasound-assisted 

enzyme application on pepper pomaces led to an increase especially in the amount of fusel 

alcohols (isoamyl alcohol and phenyl ethyl alcohol) produced by K. marxianus. Experiments 

demonstrated that the amount of volatile organic compounds differed according to the type 

of hydrolysis applied to pomaces. Additionally, ultrasound-assisted pretreatment seemed to 

increase the yield for chemical and enzymatic hydrolysis, showing a promising technology 

to be used for hydrolysis for tomato and pepper pomaces.  Therefore, Response Surface 

Methodology (RSM) has been applied for the optimization of pretreatment methods on 

tomato and pepper pomaces. 

 

Keywords: Tomato And Pepper Pomace, Ultrasound, Dilute-Acid Pretreatment, Enzymatic Hydrolysis, 

Response Surface Methodology  
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Licorice plant is being used for production of traditional beverage known as Licorice 

root sherbet in Eastern and Southeastern part of Turkey due to health promoting effects since 

ancient times.  During the traditional production process of licorice root sherbet, conservation 

methods such as thermal treatment are not applied, so the sherbet becomes undrinkable in a 

short period. Glycyrrhizin, a substance from the licorice plant, 50 times sweeter than 

sucrose, makes it inconsumable for lots of people. Objective of this study was to develop new 

sherbet product to increase consumption rate and shelf life. Therefore, licorice root sherbet (pH 

6.09) was produced in acidified form by decreasing the pH value to 4.2. In this work, chemical 

composition of acidified sherbet (AS) was compared with normal sherbet (NS). The effect of 

acidification process was determined by analyzing the physicochemical properties (pH, brix, 

color, total phenol, total flavonoid, glycyrrhizic acid and antioxidant capacity) of sherbet. The 

difference between normal and acidified sherbet was statistically significant (P<0.05) for all 

physicochemical properties. After the acidification process, phenolic compounds and 

glycyrrhizic acid were separated from acidified sherbet as a precipitate. Glycyrrhizic acid 

content of sherbet had a significant loss of about 85%. Total phenol content and total flavonoid 

content were 379.72 and 25.18 for NS respectively whereas the same parameters were 308.28 

and 6.56 for AS respectively. Similarly, antioxidant activity in NS (6.45 μmol Troloks /mL) was 

higher than AS (3.49 μmol Troloks /mL). In terms of the lightness (L*) values, AS samples had 

higher values than NS samples.  
 

Keywords: Licorice Root Sherbet, Acidification  
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Kinetics of Anthocyanin Degradation and Polymeric Color Formation in 

Black Mulberry (Morus nigra) Juice During Heating 
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The degradation of total monomeric anthocyanins and changes in the proportion of 

polymeric color (%PC) and total phenolic content of mulberry (Morus nigra) juice were studied 

during heating at 70, 80 and 90°C. Analysis of kinetic data suggested a first-order reaction for 

the thermal degradation of black mulberry anthocyanins.  As expected, degradation rates of 

anthocyanins in black mulberry juice increased with increasing temperature. At 70, 80 and 

90°C, the rate constants were determined as 0.75x10-3, 1.7x10-3 and 4.05x10-3 min-1, 

respectively. The formation of %PC followed zero order reaction kinetics and the rate constants 

were found to be 0.096, 0.045 and 0.025 %PC/min, respectively. The temperature dependence 

of degradation of anthocyanins and formation of %PC were adequately modeled by Arrhenius 

equation. The activation energy values for the degradation of anthocyanins and formation of 

%PC were found as 87.35 and 69.42 kJ/mol, respectively. Total phenol content of black 

mulberry juice changed slightly during heating. However, no fitting kinetic model was found 

for the change in total phenol content.  
 

Keywords: Black Mulberry, Monomeric Anthocyanins, Polymeric Color, Kinetics, Thermal 

Treatment, Total Phenol  
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Properties of Black Mulberry Juice  
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Black mulberry (Morus nigra) fruits present valuable income in the food industry due to their high 

content of phenolic compounds. In this study, black mulberry vinegar as a condiment was produced 

from black mulberry juice by following a two steps process including alcoholic and acetic fermentation. 

The changes in terms of bioactive compounds (phenolics and anthocyanins) together with antioxidant 

properties (TEAC, CUPRAC, DPPH, FRAP) were investigated during vinegar making process. Total 

phenolics of the black mulberry juice (BMJ) were measured both after alcohol fermentation (AF) and 

after acidification (AC). The differences were small enough to be non significant (P>0.05). However, 

significant increases were observed in catechin, cafeic acid and chlorojenic acid content of BMJ 

(P<0.05). Major anthocyanins of BMJ were cyanidin-3O-glucoside (115.54 mg/L) and cyanidin-3O-

rutinoside (100.04mg/L) followed by smaller amounts of pelargonidin-3O-glucoside (10.96 mg/L). 

Anthocyanins are responsible for the distinctive color of BMJ and they are also an important quality 

parameter for the sensorial desirability of the final product. Anthocyanins found in BMJ had a significant 

loss of about 88% after the vinegar making process. Conversely, antioxidant properties of BMJ samples 

in terms of TEAC, DPPH, CUPRAC and FRAP values showed an increasing tendency as a result of the 

fermentation processes. The increases in antioxidant potential in terms of TEAC, DPPH and CUPRAC 

values of AC samples were large enough to be significant compared to both BMJ and AF samples 

(P<0.05).  

 

Keywords: Black mulberry, vinegar, bioactive compounds, antioxidant activity 
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Olive Leaves of Fourteen Different Cultivars 
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Olive leaves have lately received significant attention due to their medicinal properties and 

positive health effects, which mainly due to their high content of bioactive compounds. In this 

study, olive leaf tea made from fourteen different olive cultivars were investigated in terms of 

total phenolic, total flavanoid and oleuropein contents and antioxidant activities (DPPH and 

CUPRAC). Olive tree leaves (Olea europaea L.) from varieties of Arbequine, Ascolana, 

Ayvalık, Domat, Edincik Su, Gemlik, Gordales, Karamürsel Su, Manzanilla, Memecik, Negral, 

Samanlı, Uslu, Verdial were harvested from Edremit/Turkey and were dried at 80ºC for 4 hours. 

The teas were prepared from fine powder of the dried olive leaves by infusion at 80ºC for 10 

min. Tea from Manzanilla variety had the highest content of total phenolics (302,46±19,66 mg 

GA/L) and total flavanoids (7,57±0,42 mg QE/L) compared to the other cultivars (P<0.05). 

HPLC analyses indicated that oleuropein content of tea from Manzanilla (178,53±4,54 mg/L) 

was the highest followed by tea from Ascolana (93.72±4.54 mg/L) and tea from Domat 

(87.28±4.54 mg/L). Tea from Gemlik (27.34±4.54 mg/L) had the lowest oleuropein content 

among the fourteen olive cultivars. In terms of the antioxidant activities of tea products, tea 

from Manzanilla had the lowest EC50 value (15.61±7.22 μL) and had the highest CUPRAC 

value (490.50±39.14 mg Trolox/L). CUPRAC values of the tea products were orderded as 

Manzanilla >Samanlı >Memecik >Arbequine >Domat >Ayvalık >Karamürsel Su >Negral 

>Gordales >Ascolana >Uslu >EdincikSu >Verdial >Gemlik. There were high correlations 

between total phenolics and the antioxidant activity revealed by the DPPH and CUPRAC 

methods. The pearson correlation coefficients were always higher than 86% (P<0.0001). 

 

Keywords: Olive leaf tea, Oleuropein, Antioxidant activity 
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Development of a Capillary Electrophoretic Method for Determination of 

Phenolic Compounds in Carob Molasses 
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The main purpose of this study was to develop and validate a capillary electrophoretic 

method for the determination of phenolic compounds in carob molasses. For this purpose, 

parameters including pH, voltage and loading time which influence capillary electrophoretic 

separation were investigated to determine the optimum conditions. The results of the study 

showed that phenolic compounds could be well separated within 18 min. in a 55 cm length 

capillary at a separation voltage of 30 kV with 40 mM borate buffer at pH 8.9 at room 

temperature. The linearity was determined at the range of 2.5 -100 ppm for 18 phenolic 

compounds with high correlation coefficient (<0.98) and also satisfactory recoveries (<90 %). 

Optimized capillary electrophoretic method was applied to five carob molasses samples 

provided from local producer in Usak for the determination of phenolic compounds. As a 

results, gallic acid was determined as major phenolic compound in carob molasses. The 

concentrations of gallic acid in the molasses samples ranged from 15.02-87.98 ppm.  

 
Keywords: Phenolic Compounds, Capillary Electrophoresis, Carob Molasses, 
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The aim of this study was to determine the contents of some macro and micro elements 

in carob pekmez provided from different regions in Turkey. For this purpose, 35 samples of 

carob pekmez from Marmara, Aegean, Mediterranean, Central, Eastern and Southeastern 

Anatolia Regions were collected and analyzed in 2015-2016. Levels of Na, K, Mg, Ca Fe, Cu, 

Zn, Mn, Al, Cr and Mo in carob pekmez samples were determined by Inductively Coupled 

Plasma Mass Spectrometry (ICP-MS). 

 

As results, significant differences were observed between carob pekmez samples in 

terms of the contents of Ca, Cr and Mo. Carob pekmez from Aegean region had the highest Ca 

content while the highest Mo content was observed in carob pekmez from Aegean region. 

Moreover, carob pekmez from Mediterranean region had the lowest Cr content. The 

concentration ranges in the carob pekmez samples were found to be 0.2-55.80, 1.68-6.47, 1.34-

10.69, 1.19-28.46 mg/kg for Na, K, Mg, Ca, respectively. Among the micro elements, the 

concentrations of Fe, Cu, Zn, Mn and Al in the pekmez samples ranged from 0.2-3.07, 0.02-

0.07, 0.07-0.50, 0.06-0.15 and 0.02-0.48 mg/kg, respectively.   
 

 
Keywords: Carob Pekmez, Macro Elements, Micro Elements, ICP-MS, 
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Ascorbic acid (AsA; or vitamin C) is the most abundant antioxidant in the plant cells 

and plays important roles in a wide range of processes such as photosynthesis, growth 

regulation and senescence. Additionally, AsA is a cofactor for enzymes and affects the 

expression of genes involved in defense and hormone signaling pathways [1].  

The content of vitamin C in fruits and vegetables is not only directly affected by endogenous 

factors and developmental signals, but may also be regulated by several external factors such 

as handling procedures, climatic conditions and cultural practices [1,2]. Temperature and light 

have a capital influence on the levels of vitamin C and  fruits. There are different studies 

investigating the light effect on the AsA level in harvested plant or fruit juices as much as 

cultured plants or juices [1,4].  

In this study, the affect of exposure light wavelength on the AsA concentration in some 

local mandarin juices will be investigated by using UV light, yellow light, red light, fluorescent 

light and darkness. At the beginning of the study, this effect will be evaluated on standard 

solution of AsA exposed to different wavelengths as blank. Determination of AsA amount will 

be made by titration method. Fruit juices contain a lot of different materials. Due to complex 

matrix, determination of the AsA will be planned by using an HPLC method in mandarin juices.  
 

Keywords: Ascorbic Acid, Vitamin C, Light Exposure, Mandarin Juice, HPLC 
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P2-41 

Antioxidant and Anticholinesterase Potential of Some Medicinal Plants 
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Aphanes arvensis L., Rosmarinus officinalis L., Silybum marianum L. Gaertner, Malva 

sylvestris L. and Urtica dioica L. have been commonly used in traditional medicine all around 

the world. The hexane, acetone and ethanol extracts of these plants were prepared to determine 

their total phenolic/flavonoid contents, antioxidant and anticholinesterase activities in the 

present study.  

 

Total phenolic and flavonoid contents of the crude extracts were carried out as 

pyrocatechol and quercetin equivalents, respectively (1, 2). The antioxidant activity was 

performed by DPPH free radical, ABTS cation radical and superoxide anion radical scavenging 

activities (3-5). The anticholinesterase activity was determined by Ellman method (6). 

 

Total phenolic and flavonoid contents of A. arvensis ethanol extract were found to be 

higher than those of other plant extracts. A. arvensis ethanol, M. sylvestris hexane and acetone 

extracts exhibited almost the same free radical scavenging activity with standards (BHA and -

tocopherol) in DPPH assay at 50 and 100 μg/mL concentrations. The acetone and ethanol 

extracts of A. arvensis and R. officinalis showed the same ABTS cation radical scavenging 

activity with BHA and (+)-catechin at 100 μg/mL concentration. None of the extracts indicated 

superoxide anion radical scavenging effect. U. dioica ethanol extract showed higher inhibition 

against butyrylcholinesterase than galanthamine.   
 

Keywords: Medicinal Plant, Antioxidant, Anticholinesterase, Phenolic Content, Flavonoid Content 
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P2-42 

Inhibitory Effect of Rosmarinic Acid on Human Cervix Carcinoma in Vitro 
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Abstract 

Origanum bilgeri P.H. Davis including rosmarinic acid was collected from Antalya, Turkey. 

Aerial parts were extracted with hexane and ethyl acetate. Rosmarinic acid was isolated from 

ethyl acetate extract by chromatographic techniques (column chromatography, semi preparative 

HPLC) and the structure was elucidated by spectroscopic method basically 1D-, 2D-NMR and 

LC-TOF/MS. Antiproliferatif activity of of rosmarinic acid was executed on HeLa (human 

cervix carcinoma) cell lines and was revealed to possess high inhibitory effect.  

Keywords: Origanum Bilgeri, Rosmarinic Acid, Hela. 

Introduction 

The utilization of plants for production of natural recombinant compounds of commercial 

interest has gained attention over past decades. Natural products have been the source of most 

of the active ingredients of medicine. 80% of drug substances were natural products or inspired 

by a natural compound.1 Bioactive compounds isolated from plants have been used extensively 

in pharmaceutical, agrochemical, food and pesticide industries.2 Origanum genus, important 

aromatic and medicinal plant, mainly distributed in the Eastern Mediterranean region, 

belonging to the Lamiaceae family is represented by 23 species and six hybrids in the flora of 

Turkey, 14 of which are endemic3. Due to the wide range of application in food, cosmetic and 

medicinal industries, Origanum is cultivated in several European, Asian and African countries.4 

Phenolic acids, secondary metabolites of plants, are naturally occurring polyphenolic 

compounds found extensively in vegetables, fruits and beverages. They are often added into the 

human diet due to the great health benefits to mankind. Rosmarinic acid is used as a fragrant 

additive in cosmetics and a food additive to prevent food spoilage.5 In this work, rosmarinic 

acid was isolated from O. bilgeri ethyl acetate extract and antiproliferative activity was 

investigated on HeLa (human cervix carcinoma) cell lines. The result indicated that the 

rosmarinic acid has strong inhibitory effect on HeLa cell lines.  

Materials&Methods 

Plant material 

O. bilgeri is an endemic species, distributed in Antalya. Its flowering time is July. Its habitat is 

forestry area, calcareous side of hill, rocky places, and dry stream beds. The aerial parts of O. 

bilgeri were collected from Mahmutlar, Bucak, Cokelek area of Antalya, altitude of 1353 m, 

coordinate of N: 36⁰ 36' 45'' E: 32⁰ 20' 02''.  

2.3. Extraction and isolation 
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The areal parts of the plant material were dried and then extracted (0.5 kg) with hexane and 

ethyl acetate sequentially. Rosmarinicacid was isolated from ethyl acetate extract (2.0 g) by 

column chromatography (2.5 × 50 cm) using the sephedex LH-20 (50 g) as a stationary phase 

and methanol as mobile phase. 6 The structure was identified by spectroscopic methods 

including 1D-NMR, 2D-NMR and LC-TOF/MS.  

Cell proliferation assay 

The antiproliferative activity of rosmarinic acid against HeLa cell lines was tested by cell 

proliferation assay using BrdU Cell Proliferation ELISA kit (Roche). A cell suspension 

containing nearly 5×103 cells in 100 µL was pipetted into the well cell culture plates (96-well 

cell). The treatments of cells with compounds in DMSO and 5-Florouracil (5 FU) in DMSO 

separately at concentration 25, 50, 75, 100, 125 150, 175, 200 µg/mL were carried. The final 

volume of the wells was adapted to 200 µL by DMEM and reaction mixture was incubated at 

37 °C with 5% CO2 for overnight7. 

Results & Discussion 

Rosmarinic acid is commonly found in plants belonging to the Lamiaceae family. It was 

reported to reveal antioxidant, antiinflammatory, anticancer and antiviral activities.8 In this 

work, rosmarinic acid was isolated and antiproliferative effect was investigated on HeLa cell 

lines and was demonstrated to have excellent antiproliferative activity (Fig. 1).  

 

 

Figure 1. Antiproliferative activity and structure of rosmarinic acid 

Rosmarinic acid activity is better than standard, 5-florourasil at the concentration of 50 µg/mL 

and upper concentrations. This indicates that it has a potency to be a drug against cervix 

cancer.  

Conclusion 

Rosmarinic acid is very important compound for pharmaceutical and food industries. Hence, 

it has a potency to be a drug candidate. Due to the main constituent of the Origanum species 

is rosmarinic acid, cultivation of Origanum should be supported to produce the rosmarinic 

acid. The invivo and clinical work should be carried out to present the drug potency of 

rosmarinic acid.  

Acknowledgement: The author thanks to the Scientific and Technological Research Council 

of Turkey (TUBITAK, No: 113Z195) for financial support.  
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Efficient Extraction Method of Origanum rotundifolium Boiss for High 

Phenolic Contents and Strong Antioxidant Activity 
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Gaziosmanpasa University, Art and Science Faculty, Department of Chemistry, 60240 Tokat 

*E-mail: rerenler@gmail.com 

Abstract 

The dried aerial part of Origanum rotundifolium was extracted with hexane, ethyl 

acetate, methanol and water. The aqueous part of water extract was partitioned with ethyl 

acetate. After the filtration and removing of the solvents, hexane extract (Extract 1), ethyl 

acetate extract (Extract 2), methanol extract (Extract 3), water extract (Extract 4) and water to 

ethyl acetate extract (Extract 5) were obtained. The antioxidant activities of all these extracts 

were carried out using different antioxidant assays, including 1,1-diphenyl-2-picryl-hydrazyl 

free radical (DPPH) scavenging, 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) 

radical scavenging, reducing power. Butylated hydroxyanisole (BHA), butylated 

hydroxytoluene (BHT) and trolox were used as standards. Total phenolic contents of extracts 

were also determined. In comparison of the extracts, Water to EtOAc extract displayed the most 

antioxidant activities on all assays and it included the most total phenolic compounds. While 

the partition of water extract with ethyl acetate, the antioxidant compounds passed to ethyl 

acetate phase which were responsible for antioxidant activity. Therefore it was presented the 

best extraction technique for strong antioxidant activity.  

Key Words: Antioxidant, Extraction Method, Origanum Rotundifolium 

Introduction 

Due to the consequence of traditional medicine acknowledged by many researchers as 

an important source of health care, the extraction and purification of bioactive compounds from 

natural sources have gained the great significance for usage of natural products in the 

preparation of food ingredients, pharmaceutical and cosmetic products. Therefore extraction 

techniques play a crucial role in phytochemistry.1 Due to the difficulty of synthesis, 

polyphenols, bioactive natural products, play an important role in humans needing to satisfy 

their phenolic requirements through a daily consumption of fruits and vegetables. Phenolic 

compounds are effective in treatment of chronic and acute diseases such as cancer, 

cardiovascular disorders and inflammations2. Origanum genus belongs to the Lamiaceae family 

and has 23 species and six hybrids in Turkey flora, 14 of which are endemic.3 Origanum widely 

used in food industry and traditional medicine in many countries is important medicinal and 

aromatic plant. 4 Due to the biological and chemical diversities, the demand of Origanum in 

world market has increased steadily. Free oxygen radicals, called reactive oxygen species 

(ROS), comprising hydroxyl radical, superoxide and singlet oxygen can yield the cellular harm 

leading to diseases such as DNA damage, cancer, cardiovascular diseases, Parkinson and 

Alzheimer’s disease.5 Even though ROS are formed by metabolic functions, they could be 

scavenged by compounds existence in fruits, vegetables and herbs. Hence, the extracts of fruits, 

vegetables and herbs containing most antioxidant compounds are important for pharmacology 
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and food industry6. Antioxidants, revealing significant effects for health by reduction of the 

oxidative stress are used to prevent food from oxidative deterioration.7  

Materials&Methods 

Plant material 

The plant materials were collected from Artvin, east part of Turkey during the flowering 

period and identified by Prof.Dr. Ozgur Eminagaoglu, specialists of Plant Taxonomy at 

department of Forestry Engineering, Faculty of Forestry, Artvin Coruh University where a 

voucher specimen was deposited (No: ARTH 5247).  

Extraction 

Origanum rotundifolium aerial part was dried and powdered (10 g) then extracted with 

hexane (3 × 100 mL) for a week at room temperature, filtered and solvent was removed to 

obtain hexane extract (Extract 1).  Solid material of hexane extract was re-extracted with ethyl 

acetate (3 × 100 mL) for a week at room temperature, filtered and after removal of the solvent, 

ethyl acetate extract was achieved (Extract 2). Methanol extract (Extract 3) was acquired by 

extracting (3 × 100 mL) the solid part of ethyl acetate extract of O. rotundifolium for a week at 

rt. The solid part of methanol extract was heated with distillated water (200 mL) at 80 ºC for 2 

hours, filtered then 100 mL of which was lyophilised to get the water extract (Extract 4). The 

other portion of the water extract (100 mL) was partitioned with ethyl acetate, ethyl acetate 

phase was separated by separator funnel, dried with (MgSO4), filtered then solvent was 

removed to obtain the water to ethyl acetate extract (Extract 5). All extracts were dried and kept 

in freeze to be analysis.  

Antioxidant assays 

Determination of total phenolic compounds 

Total phenolic contents,8 DPPH• scavenging assay,9 ABTS•+ scavenging assay,10 Ferric 

ions (Fe3+) reducing antioxidant power assay (FRAP)11 were determined according to the 

literatures.  

Results & Discussion 

Total phenolic contents 

In this work, effective extraction method was developed by a series of extraction 

techniques to yield the strong antioxidant activities. Interestingly, the total phenolic content of 

water to ethyl acetate extract (Extract 5) consists of four times as much as phenolic compounds 

than the methanol extract (Extract 3) which is the second one. This also led to the best 

antioxidant activities. The order of total phenolic content is as follow: gallic acid/kg extract, 

Extract 5 (620.5) > Extract 3 (164.7) > Extract 4 (134.6) > Extract 2 (44.9) > Extract 1 (21.9) 

(Fig.1). 

DPPH free radical scavenging activity 

 The mechanism of DPPH• scavenging activity is based on the hydrogen or electron 

releasing capability of antioxidant molecules to DPPH• molecules to form the non radical 

DPPH-H and the measurement of the reducing ability of antioxidants. In this work, extract 5 
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exhibited the best DPPH• scavenging activity. The scavenging effects of O. rotundifolium 

extracts and standards on the DPPH• decreased in the order of Extract 5 > BHA > Extract 3 > 

BHT > Extact 4 > Extract 2 > Extact 1 that showed the coherence between the activity and total 

phenolic content.  

ABTS radical cation decolorization assay 

 In this assay, ABTS is oxidasied to its radical cation form, ABTS˙+ which is blue-green 

coloured. The antioxidant ability of extracts is measured by detecting the decreasing colour due 

to the reaction of extracts with ABTS˙+. The results indicated that except hexane extract, O. 

rotundifolium extracts have high ABTS radical cation scavenging activity, which exhibited the 

following order (IC50, µg/ml): Extract 5 > BHT > Extract 3 > BHA > Extract 2 > Extract 4 > 

Extract 1 (Fig.1). 

Reducing power 

Reduction of Fe+3 to Fe+2 is determined by measuring the absorbance of Perl’s Prussian 

blue complex12. The reduction capacity of extract exhibits that it has a significant antioxidant 

potential. Antioxidant compounds in extracts are able to donate electrons to radicals which are 

reduced to more stable and unreactive species. The reducing power of extracts was investigated 

by Fe+3 to Fe+2 transformation assay. The reducing power of extracts and standards decreases 

in the following order (40 µg/ml): BHA (2.74) > Trolox (2.16) > Extract 5 (2.10) > Extract 3 

(1.88) > BHT (1.27) > Extract 2 (0.48) > Extract 1 (0.20). This results indicate that water to 

ethyl acetate extract exhibits as good activity as trolox, better than BHT.  

 

Figure 1. Antioxidant activity and total phenolic content of Origanum rotundifolium 
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Conclusion 

The efficient extraction method was developed to yield the high phenolic contents and 

excellent antioxidant activity. origanum rotundifolium has the potency to be used in food 

industries for natural antioxidant. 
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Nanoparticles have been commonly synthesized by wet traditional chemical techniques, 

green approaches are emerging novel and alternative techniques for biosynthesis of metal 

nanoparticles. Those approaches are usually inexpensive, natural, safe, and promising for 

nanoparticles synthesis and their use in biomedical applications. In here, we report a green and 

rapid technique using red cabbage (Brassica oleracea var. capitata) plant extract solution as 

both reducing and capping agents for the biosynthesis of iron oxide nanoparticles without any 

chemical additives. We characterized Fe3O4-NPs with scanning electron microscopy (SEM), 

dynamic light scattering (DLS), and Zeta potentials and measured their antioxidant activity to 

2,2-Diphenyl-1-picryl-hydrazyl (DPPH) antioxidant assay. The magnetic property of Fe3O4-

NPs also allowed us to use them repeatedly in antioxidant activity measurement.  

 

Keywords: Biosynthesis, Ironoxide Nanoparticles, Red Cabbage, Antioxidant Activity 
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Many studies have focused on nanoparticles synthesis using plants in the last decade 

due to their effectiveness in reducing and stabilizing agents. Using plant extract for 

nanoparticles synthesis is relatively cheap, safe, and simple compared to the use of chemical 

materials.  Herein, we report the biosynthesis of silver nanoparticles (Ag NPs) using extracts of 

strawberry, blackberry, and raspberry, which are source of antioxidant molecules. The Ag NPs 

were characterized using X-ray diffraction (XRD), transmission electron microscopy (TEM), 

scanning electron microscopy, UV−vis spectroscopy, dynamic light scattering, and zeta 

potential. Although some plant directed NP showed higher antioxidant activity than free plant 

extract, we systematically demonstrated that both silver ions (Ag+) and Ag NPs cause the 

severe reduction in antioxidant activity of berries when measured towards 2,2-Diphenyl-1-

picryl-hydrazyl (DPPH) antioxidant assay.  

 
Keywords: Green Synthesis, Silver Nanoparticles, Berries, Antioxidant 
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Recent pharmacological investigations of bryophytes have proven that the active 

principles present in these plants are quite unique and having potential chemical application 

and antioxidant capacity.  The mosses of Plagiomnium undulatum (Hedw.) T.Kop, 

Plagiothecium undulatum (Hedw.) B.S.G, Neckera complanata (Hedw.) Hub., Platyhpnidium 

alopecuroides (Brid.) A.J.E.Sm.were collected from different locations the Ida Mountain 

(Kazdagı) Canakkale, Turkey, and dried accordingly. Volatiles were isolated from the samples 

by solid phase microextraction. Gas Chromatography-Mass Spectrometry (GC-MS) was used 

to identify volatile compounds.  Antioxidant activities of moss were tested by Ceric Ion 

Reducing Antioxidant Capacity (CERAC) and Cupric Reducing Antioxidant Capacity 

(CUPRAC) methods[1,2]. Trolox equivalent value (TEAC) from water extract of mosses was 

calculated at concentration range between 0.0109(±0.0008)-0.0212(±0.0009) -trolox/g mosses 

and from methanol extract 0.0259(±0.0013)-0.0058(±0.0012) by CERAC method and from 

water extract 0.0027(±0.0006)-0.0083(±0.0012) trolox/g mosses and from methanol extract 

0.0035-0.0095(±0.0005) by CUPRAC method. Samples of infusion have higher antioxidant 

capacity than methanol/water extraction samples. Total flavonoid content was determined as 

mmol gallic acid/g mosses by AlCl3/NaNO2 colorimetric method.  The contents of total 

phenolics were determined by a Folin–Ciocalteu colorimetric method. On the basis of the 

results it is suggested that the extract of mosses species determined here could be of use as an 

easily accessible source of natural antioxidant for the treatment. Volatile compounds 

determined in aldehydes, ketones, alcohols and terpenes. 1-octen-3-one, 1-octen-3-ol, 3-

octanone and 3-octanol were common eight-carbon volatiles in all samples.  

 

Keywords: Mosses, Antioxidant Activity, Volatiles, Spectrophotometry, Colorimetry 
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Recent pharmacological investigations of bryophytes have proven that the active principles 

present in these plants are quite unique and having potential chemical application and radical 

scavenging capacity. The mosses of Oxystegus tenuirostris (Hooker & Taylor) A. Smith, 

Eurhynchium striatum (Schreb. ex Hedw.) Schimp, Rhynchostegium murale (Hedw.) Schimp 

were collected from different locations of the Turkey, and dried accordingly. Antioxidant 

activities of these mosses were tested by Free radical scavenging activity (DPPH assay) of 

chloroform, ethanol, methanol and water extracts according to the procedures described by 

Srinivasan et al. [1]. Moss extract of 0.1 ml were mixed with 1.5 ml of DPPH reagent and 

allowed to stand at room temperature for 30 minutes in the dark. The absorbance was taken at 

518 nm. RSD is calculated by measuring the average and the third the preparation of each 

sample. Results are calculated as % reduction. Trolox standard of comparison shows 89 % 

reduction. Trolox equivalent value from chloroform extract of Oxystegus tenuirostris was 

calculated as reduction 29.03 (±1.36) % , from ethanol extract as 18.92 (±0.99) %, from 

methanol extract as 46.07 (±4.42) % and from water extract as 24.98 (±1.16) % trolox/g mosses 

by DPPH method. Trolox equivalent value from chloroform extract of Eurhynchium striatum 

was calculated as reduction 33.94 (±1.77) %, from ethanol extract as 23.92 (±1.16) %, from 

methanol extract as 24.23 (±0.13) % and from water extract as 26.04 (±0.42) by DPPH method. 

Trolox equivalent value from chloroform extract of Rhynchostegium murale was calculated as 

reduction 67.12 (±1.48) %, from ethanol extract as 22.74 (±0.51) %, from methanol extract as 

20.91(±1.80) % and from water extract as 12.56 (±1.70) % by DPPH method. 

Keywords: Different Solvent Extract Of Mosses, DPPH Radical Scavenging Activity, 

Spectrophotometry 
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Anthocyanins are important phenolic substances and they have been used as pigmented 

materials in food industry. Also they exist inside of a large number of fruits and flowers as 

natural colouring agent and make  them colourful from blue to red and purple [1,2] . 

There are some studies on stability of anthocyanins at different  pH and temperatures  by 

interaction between anthocyanins and the complex organic molucules[3] and type of 

interaction[4,5]. The aim of this study* is to present stabilities of anthocyanin extracts obtained 

from fruits of blueberry and cranberry after applications of different extraction techniques by 

using  spectrophotometric method. 

 

 
Keywords: Anthocyanin,  Extraction, Extract,  Stability, Blueberry, Cranberry. 

 
References: 

[1] Celemente,E., Gali, D. International Journal of Science  (2013) 2   12-18.  

[2] L.Vargas y Vargas, M., Tamayo Cortez, J.A., S. Duch, E., P.Lizama, A., H. Herrera   

     Mendez, C. Food and Nutrition Science  (2013) 4 1221-1228. 

[3] Mazzaracchio, P.,  Pifferi, P., Kindt, M., Munyaneza , A., Barbiroli, G. International   

      Journal of  Food Science and Technology  (2004) 39   53-59.  

[4] Dangles, O., Saito, N., Brouillard, R.mPhytochemistry (1993)  34   119-124.  

[5] Baranac, J.M., Petranovic, N.A., Dimitric-M., J.M., Agricultural and Food Chemistry (1996) 44         

1333-1336.   

 

 

 

 

 

 

 

 

 

 

 

 

 

  

*This study  is supported by Research Found of YILDIZ Technical University. 

  (Project Number: 2012-01-02-KAP13) 

 

 

  



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

236 

 

P2-49 
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Plants are used as therapeutic since the start of mankind history. Non-consumed part of 

plants (seed, husk, leaf etc.) are used in pharmacology and alternative medicicine. Antioxidants 

which the plants contain highly are the substances that enable plants to be used for treatment. 

Antioxidants are matter that neutralize free radicals, prevent rancidity in foods and 

deterioration of foods. The structures that provide antioxidant effects are know that phenolic 

acids, flavanoids, tocopherols. Different parts of plants (roots, leafs, husks, fruits, seeds etc.) 

are usually rich with regard to phenolic compounds. 

It is important to search natural products for human health which contain antioxidant. 

Because we need to get rid of harmful effects from accumulating toxic matters in our body. So, 

we need antioxidant matters. 

In this study, determination of some phenolic acids (rosmarinic acid, caffeic acid, vanillic 

acid and ferulic acid) in two types of walnuts (Yalova and Kaman) leaves, green husks and 

kernels were intended. HPLC-DAD was used in conjunction with C18 column for 

determination of phenolic acids.  
 

Keywords: Walnut, Antioxidant, HPLC, Phenolic Acids. 
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Pantoprazole sodium a substituted benzimidazole derivative is an irreversible proton 

pump inhibitor and was developed for the treatment of acid-related gastrointestinal disorders. 

As with other drugs of its class (e.g., omeprazol or lansoprazole), pantoprazole reduces gastric 

acid secretion through inhibition of the portion on the gastric parietal cell (1).  

 
In this study, a rapid analytical method was developed and validated against standard 

method for the pharmaceutical ingredient of Pantoprazole Sodium and these methods was 

intended to give the results in less time than Ph. Eur. (European Pharmacopoeia) method. 

The performance of seven different C18 analytical columns varied with different 

lengths, particle sizes and porosities were compared for the analytical merits of the developed 

method). Chromatographic parameters including retention time, limit of detection, limit of 

quantification, number of theoretical plates and reduced plate height were obtained and 

compared (2). 

During the method development studies, good separation (resolution) could not be 

achieved or some impurities could not be detected in the chromatogram obtained with silica C18 

column. The analysis times of developed methods for determination of impurities are better 

than Ph. Eur. (European Pharmacopoeia) method. HPLC method was less 15 min. than Ph. Eur. 

(European Pharmacopoeia) method and UPLC method was less 30 min. than Ph. Eur. 

(European Pharmacopoeia) method. Analytical method validation was performed for these 

developed method by meeting the acceptance criterias (3). 

Seven different columns were compared: Waters X-Terra RP C18 4,6x150mm 5µm; Agilent 

Rapid Resolution C18 4,6x150mm 1,8µm; Hypersil Gold Termo Seperation 4,6x150mm 3µm; 

Agilent Rapid Resolution C18 4,6x250mm 5µm; Thermo Seperation Hypersil C18 4,6x250mm 

5 µm; Agilent Zorbax SB Phenyl C18 4,6x250mm 5µm; Restek Ultra Biphenly C18 2,1x100mm 

3µm. 
 

Keywords: Analysis Time, Comparison C18 Column, EP (European Pharmacopoeia), Pantoprazole 

Sodium And Impurities 
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Polycyclic aromatic hydrocarbons have carcinogenic and mutagenic impacts on human 

health and also disrupt endocrine system. Naphthalene as the simplest in structure of polycyclic 

aromatic hydrocarbons has been used in industrial processes for a long time and present in air, 

soil, and water. Hence, it requires a regulation of its concentration in environmental samples 

(1, 2). In this study, a simple and fast analytical method was developed to determine the 

naphthalene in water samples at trace levels by gas chromatography-mass spectrometry after 

liquid-liquid extraction. All parameters in extraction procedure were optimized to improve 

extraction recovery, thus reducing the limit of detection. Under the optimum conditions, the 

limit of detection (LOD) and quantification (LOQ) for naphthalene were found to be 4.4 ng mL-

1 and 14.6 ng mL-1, respectively. Deuterated anthracene as internal standard was used to 

increase the precision of proposed method; thereby relative standard deviation was calculated 

as 4.3%. The percent recovery of naphthalene from tap water was found in the range 93.8-

102.2%. 

 

 

Keywords: Liquid-Liquid Extraction, Naphthalene, Anthracene D-10, Gas Chromatography Mass 

Spectrometry 
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The purpose of this study is to determine inorganic anions in wines using suppressed 

ion chromatography with conductivity detection. Mixed solution of sodium carbonate and 

sodium hydroxide was used as the mobile phase (Mobile phase: 8.0 mM Na2CO3, 1.5 mM 

NaOH, flow rate: 0.9ml/min. ). Precision of method was found to be high and proposed method 

was applied for the determination of the inorganic anions in all wines produced in different 

parts of Turkey.  

 

The results except for flüoride, msulphate anions and all the other anions were 

determined below the limit value. Limit values of fluoride, chloride, nitrite+nitrate, sulphite, 

sulphate, phosphate  anions are, respectively ,  1 mg.L-1...5.mg.L-1, 60 mg.L-1, 0.3%, 0.2 g.L-1 

(ammonium sulphite), 0.3 g.L-1 (ammonium sulphate), 0.3 g.L-1 (diammonium phosphate) 

according to TGK ( Turkish Food Codex), Wine Analysis and Production Book and OIV, the 

results were evaluated statistically. The sulphite, phosphate was found higher than limit 

sulphite, phosphate in some wine. White wine sulphite results is found higher than red wine 

sulphite results. Nirate and sulphate anio ns has been found to be high in wine produced in 

Şarköy. Phosphate anions has been found to be high in wine produced in Denizli.  

 

 

Keywords: Wine, Anion, Ion Chromatography 
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Nitrate and nitrite ions occur naturally in the environment and found in most of food products1. 

The presence of nitrate in foodstuffs may be considered hazardous because during storage of 

food prior to ingestion or during digestion in human body they can be reduced to nitrite which 

may react with naturally present amines to form carcinogenic nitrosamines2.  

 The objective of this research was to determine the concentrations of nitrate and nitrite in 

variety of foodstuff: i.e. some vegetables, fruits, fruit juices, dairy products, baby foods and 

herbal tea products, by using capillary electrophoretic method. Experimental conditions used 

were: pH 3,5, phosphate running buffer (50 mM); temperature 30 °C; applied voltage (-20 kV).  

 

 Analyzed vegetables were kale, spinach, chard, carrot and sultane pea. The average amount 

of nitrate in fresh kale leaves (2016 ± 519 mg/kg) was greater than in spinach and lower than 

in chard3. Fruits studied were strawberry, apple, pear, quince and plum in both fresh and dry 

matter. Nitrate and nitrite ions were maximum in strawberries with values (140 ± 2 mg / kg) 

and (38± 24 mg / kg) respectively in fresh fruit. Commercial carrot-apple puree and apple juice 

were selected as baby foods for this study. Nitrite was not detected in both products. Nitrate 

content of carrot-apple puree was higher (107 ± 2 mg / kg) than apple juice (29 ± 3 mg / kg). 

Dairy products (yogurt, fresh kasar cheese, halloumi cheese, cottage cheese and Turkish white 

cheese) were also examined. Nitrate content was found between 1.30 - 115.64 mg/kg in 

different cheese samples. Nitrate level in fresh kasar cheese and Halloumi cheese samples were 

found higher than the maximum acceptable level that is given by Turkish Food Codex (2002)4. 

Nitrate content was found between 1.92 – 8.56 mg/L in different  herbal tea samples. The nitrite 

content of herbal tea products were less than the limit of detection, so nitrite concentrations of 

herbal tea samples were not determined. All of food products were  purchased from local market 

places in Samsun, Turkey. 
 

Keywords: Nitrate, Nitrite, Foodstuff, Electroosmotic Flow Reversal 
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Environment-Friendly Organic Fertilizers 
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Soil samples were taken from Istanbul. This samples excavated from 0-20 cm depth. 

Then soil samples passed through 2 mm sieve in the laboratory. After some physical, chemical 

and biomedical analysis were done to soil and made some experiments; for example total 

nitrojen kjeldal (1), organic matter and ash (2), receivable phosphate (2). 
 

Used waste compost, mushroom compost, chicken manure, sheep manure, goat manure, 

quail manure, bat manure, obtained from various farm in İstanbul. That fertilizers micro and 

macro element analysis, pH and C/N ratio was investigated on the soil. And also search 

leonardit and liquid chicken manure effected on the soil. We want find which organic fertilizers 

are the most suitable. 
 

In our experiments with sheep manure C/N ratio has risen to 20. Pigeon and sheep manure are 

rich in organic matter. We finded soil pH at 6,79.   We examined in fertilizers % N, maximum 

ratio was found in bat manure. Garbage compost, mushroom compost, cow manure, poultry 

manure application on the soil after C/N ratio increase in 8, 16, 32, and 45 days in research that 

is applied to the soil. Organic waste as the dose increases, from the beginning to the end of the 

study C/N ratio has increased. The effect of liquid chicken manure and leonardit  search 

different doses together on the same soil. Leonardit and liquid chicken manure effects are 

examined on the pH, when thats dose are increased, pH dose also increased. Then find liquid 

chicken manure provides more efficient results as compared to leonardit.  
 

  Organic 

Fertilizers 

time 

0. 

day 

8. 

day 

16. 

day 

32. 

day 

45. 

day 

Garbage 

compost 

36.88 58.64 41.13 32.18 61.14 

mushroom 

compost 

46.41 51.90 37.61 27.52 38.25 

cow 

manure 

27.25 35.57 25.45 21.18 32.55 

chicken 

manure 

29.78 62.48 34.18 19.99 32.90 

C/N rate effects of organic fertilizers on soil          

 
Keywords: Natural Fertilizers, Artificial Fertilizers, Farming 
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Fertilizers Leonardit liquid chicken 

manure 

Applications 

 

Total N 

(%) 

pH 

(1/2.5) 

Total N 

(%) 

pH 

(1/2.5) 

control 0.099 6.79 0.099 6.79 

1. dose 0.212 7.36 0.125 7.11 

2. dose 0.216 7.38 0.138 7.13 

3. dose 0.219 7.48 0.147 7.16 

Total N and  pH effect of loenardit and 

liquid chicken manure on soil 
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In this study, as the sugar alcohol maltitol, lactitol, isomalt are used. As the ratio of 

sugar alcohol in samples of milk chocolate 40% is based on the level of sucrose.  Conching 

temperature: 50, 55 and 60 °C on chocolates textural and sensory structure will be evaluated. 

20 micron particle size is performed using products. Conching time 6 hours; 40% provide 

substitutes for sucrose, maltitol, lactitol, and isomalt containing acesulfame K and aspartame 

were added in examples the degree of sweetness for balance. Purposes has been prepared. 6 

hours of conching operation; 50 °C, 55 °C and 60 °C It was performed on temperature. In the 

sensory evaluation of the chocolate samples Farzanmehr and Abbasi (2009) changes in the 

method used by has been used by those who are punished (1). Sokmen and Güneş (2006) study 

about hardness analysis conducted by applied inflicted by certain changes in the method of used 

(2). We study hardness analysis change to Sokmen and Güneş methods. Color parameters of 

chocolate samples were determined by colorimetric method and laser diffraction particle size 

analyzer used.  After the refining process that is applied during the sample preparation stage, 

the targeted value was determined as 20 µm. Undesired odours from the raw material in 

chocolate, the removal of aldehydes and ketones according to the working principle of our 

system and the existing conching time 6 hours, it was observed that the process is ideal. In 

addition, a control sample and samples containing maltitol shows the increase in hardness of 

chocolate with the decrease of conching temperature. Lactitol, isomalt decrease in hardness 

with decrease conching temperature. We have observed that it is more efficient according to 

maltitol other sugar alcohol. Maltitol gives us better flavour and texture result than the other 

sugar alcohols. The supply of raw materials can be supplied easily and in a short time maltitol 

other sugar alcohol is suitable dosage according to use and the cost. Maltitol recommended for 

tooth friendly chocolate production. 

 

          
Maltitol and control sample conching temperature    ,     hardnes (N)           

Izomalt and lactitol sample conching temperature     ,    hardness (N)  

 

Keywords: Tooth-Friendly Chocolate, Maltitol, Lactitol, Isomalt, Sugar Alcohols, Aspartame, 

Acesulfame K 
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Water Activity 

temperature temperature 

hardness 

Maltitol conching temperature           Water Activity 

Control sample, Izomalt and lactitol conching temperature            Water Activity 
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Abstract 

A simple and rapid capillary electrophoretic method is reported for simultaneous determination 

of benzoic acid (BA) and sorbic acid (SA) in food products using direct UV detection. 

Background electrolyte was 20 mM borate buffer, at pH 9.3; internal standard was cinnamic 

acid.  Under the optimized conditions acids were separated in 3.5 min. The concentration ranges 

of the calibration curves were 0.005 – 0.4 mM. The correlation coefficients for each standard 

curve exceeded 0.999.  Good reproducibility and recovery results were obtained using internal 

standard. Detection limits of BA and SA (Signal-to-noise ratio=3) are 0.405g/mL for BA and 

0.415 g/mL for SA. 

Keywords: Capillary Electrophoresis, Benzoic Acid, Sorbic Acid, Foods 

Introduction 

Sorbic acid (SA) and benzoic acid (BA) are common food additives, which are used to prevent 

the growth of yeasts, molds, and bacteria in food and beverages. They are considered as 

generally safe food additives. However, these preservatives in high doses may be harmful to 

consumers due to their tendency to induce allergic reactions. The use of these preservatives 

have been limited. Consequently, in order to protect consumer health, the development of 

analytical methods for detecting additives and their levels in food products has practical demand 

for ensuring compliance to existing government regulations. Various analytical methods for the 

determination of preservatives in food products have been reported, including GC [1] HPLC 

[2-4], CE [5-7]. HPLC is the most common analytical procedure for the detection and 

quantification of these preservatives in foods.  The drawback of HPLC is the need of 

preseparation step before injecting the sample to the packed columns and the high amount of 

consumed organic solvents. Capillary electrophoresis (CE) is a powerful separation technique 

that can provide high resolution efficiency and is becoming a standard tool for the analysis of 

many compounds. Good resolution and low sample consumption are common advantages 

attributed to this technique. In CE, even if the sample contains a matrix, it can be injected with 

minimal sample preparation without decreasing the separation performance. The capillary 

between injections is rapidly flushed with fresh buffer. It is therefore a suitable method for the 

analysis of food products. 

Both BA and SA are the most active in foods of low pH due to their pKa values (4.19 

and 4.76 respectively). These two acidic preservatives are used as a substitute for each other. 

However, the combinations of these preservatives are often used in some consumed food 

products in Turkey.  
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In the present study, a CE method was applied to various food samples in the Turkish 

markets for the simultaneous determination of BA and SA. The samples were dissolved or 

suspended in water/methanol solution and injected directly to a simple buffer solution without 

any other pretreatment step. In order to improve the quantitative determination of the 

preservatives, cinnamic acid (CA) was used as internal standard, of which migration time was 

well match with BA and SA peaks. 

Materials&Methods 

All experiments were carried out with an Agilent CE system from Agilent Technologies 
(Waldbronn, Germany). A diode array detector was employed for the detection. The 

wavelength was set at 220 nm. Instrument control and data analysis were performed by use of 

Agilent CE ChemStation on a PC.  In separations, a 38cmx50m I.D. fused silica capillary 

(Polymicro Technologies, Phoenix, AZ, USA) was used. The total length of capillary was 46 

cm. The temperature of the capillary tubing was maintained at 250 C during electrophoresis.  

The electrophoretic separation was performed with an electric potential of 28 kV. Samples were 

pressure 50 mbar for 4s. The capillary was flushed with 1M NaOH, water and running buffer 

each for 10min at the beginning of each day. A washing step of 1 min with buffer between runs 

was applied. All chemicals were analytical reagent grade. All of the food samples were bought 

at a local market. Stock solutions of BA, SA, and CA were prepared in water as 1 mM of each, 

and stored in a refrigerator. 

1-2 g of homogenized samples were weighed in a beaker.  20 mL of methanol-water 

solution (40/60, v/v) was added and mixed for 30 min. The samples were centrifuged a 7000 

rpm for 5 min and filtered through a 0.45μm membrane filter. Fatty foods were weighed (about 

0.1 g) and then dissolved in 1 mL of hexane. 5 mL of 5 mM borate buffer was added and 

extracted. Internal standard solution was added to filtrates and extracts, they was diluted to 

suitable volume.  The resulting solution was injected directly. Liquid samples were diluted ten 

times with water. For recovery experiments, the known amount of BA and SA solutions were 

added to the food sample solutions. 

2.0 2.5 3.0 3.5 4.0

0

5
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Fig.1. Electropherogram of standards. Peaks: (1) CA, (2) SA, (3) BA. Experimental conditions: 20 

mmol/L Borate, pH 9,3; injection, 4 s at 50 mbar; temperature 250C; run voltage 28 kV. 
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Results&Discussion 

The borate buffer was used for analyzing of BA, SA, and CA. Optimum conditions were 

achieved by using 20 mM borate buffer at pH 9.3.  Fig.1 shows the electropherogram of a 

standard sample mixture at optimum conditions.  BA and SA samples are injected directly to 

the simple borate buffer and peaks come less than 3.5 min. 

Method validation 

Calibration curves between the concentrations of anions and peak area ratios (Aa/ AIS) 

were used for quantitative determinations. Regression equations for BA and SA were y = 8.140 

10-1 x – 9.558 10-4  and y = 6.474 10-1 x – 3.459 10-3 respectively. The calibration curves show 

linear dynamic ranges from 0.005-0.4 mmol/L with an average correlation coefficient of 0.9998 

and 0.9999 respectively for BA and SA.  The detection limits of the CE method were 

sufficiently low for the determination of anions in food samples. Limit of detection (LOD) for 

BA corresponding to a signal/noise ratio of 3 is 0.405 μg/mL and for SA is 0.415 μg/mL.  

 

Repeatability (interday and intraday) was studied to obtain the method precision. 

Intraday analysis was established by the injection of the standard mixture of cations five times 

at the same day. Interday repeatability was determined by analysing the standard mixture on 3 

different days. The relative standard deviations (R.S.D., %) of the intraday and the interday 

studies are ≤ 0.55% and ≤ 2.54% for migration time and ≤ 2% and ≤ 3.44% for peak area, 

respectively. The accuracy of method was checked with both peak purity analysis with diode 

array detector and the determination of analytes in food samples spiked with standards.  The 

recovery values for the analytes in ketchup and margarine samples ranged from 97%-103%. 

 

 

Fig.2. Electropherogram of analytes in the soft drink (a) and candied chestnust (b). Other conditions 

as in Fig. 1. 

 

Application to food samples 

Thirteen food products were analyzed using the optimized CE method.  The 

electropherogram of soft drink sample are presented in Figs. 2.  Sample solutions were prepared 

as described above and a known amount of CA solution was added as internal standard to all 

injection samples.   
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As seen from Fig. 2b, in the electropherograms of some samples, there were unknown peaks in 

working region, but peaks of analytes were seen clearly.  Table 1 gives the results of analysis 

food products. 

 

Table 1. Results for the determination of BA and SA in various food products. 

 

 Food Sample BA  

(mg/kg or mg/L) 

SA 

 (mg/kg ormg/L) 

Lemon sauce 4.36 ± 0.121 235.5 ± 0.9 

Pickle 126.98 ± 1.1 127.3 ± 0.9 

Soft drink 234.9 ± 0.9 178.5 ± 0.7 

Ketchup A 463.2 ± 1.0 75.29 ± 1.8 

Ketchup B 452.7± 1.4  n.d. 

Candied chestnust 200.5 ± 1.9 251.5 ± 1.9 

Green Olive  13.09 ± 1.7 600.7 ± 1.5 

Pepper paste 495.5 ± 1.8 10.51 ± 0.44 

Pepper sauce 182.8 ± 1.6 188.5 ± 1.2 

Cake n.d. 600.7 ± 2.0 

Pomegranate syrup  341,6± 1.8 297,6± 1.8 

Margarine n.d. 905,3± 2.7 

Mayonnaise n.d. 1019± 3.6 

 

Conclusion 

A simple, fast and reliable CE method with direct UV detection for the simultaneous 

determination of BA and SA in foods was described. The advantages of the method for food 

samples are short sample preparation and analysis time, low electrolyte and sample 

consumption. It provides good reproducibility, recovery and selectivity. The CE method is a 

good alternative to HPLC for the analysis of preservatives in food products. Fused silica 

capillaries are less expensive than chromatographic columns, easily washed between runs and 

free of irreversible contamination of the matrix, unlike the packed columns. The results indicate 

that the proposed method is useful for routine simultaneous analysis of BA and SA in many 

kinds of food samples. 
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Plants have been the main source of medicines since ancient times because they contain 

components of therapeutic value. Furthermore, the increasing use of plant extracts as therapy 

against diseases requires a vast investment of research. In order to find active compounds, a 

systematic analysis of medicinal plants is required.  Umbelliferone, also known as 7-

hydroxycoumarin, is a widespread natural product of the coumarin family with confirmed with 

antioxidant and anti-inflammatory activities [1].  The main focus of this study is to screen the 

amount of umbelliferone in different medicinal plants. Since the bioactivities of plants can be 

related to coumarins,  umbelliferone has been suggested for use as a marker compound for the 

quality of plants. 

In this study, separation of this compound was successfully achieved by capillary 

electrophoresis (CE). The background electrolyte (BGE) was selected as borate. β-cyclodextrin 

(β-CD) served as the modifier that was added in BGE to improve the sensitivity. Considering  

these factors, an optimal buffer condition, which was 20 mM borate with 5 mM β-CD at pH 9.6 

was constructed for the determination of umbelliferone. The method was applied for several 

plants namely Angelica Sylvestris, Ammi visnaga, Ammi majus, Anethum graveolens, Conium 

Maculatum,  Heracleum Graveolens, , and Chaerophyllum aureum. Seeds and aerial parts of 

the plants were dried and finely powdered. 0.5 gram of the dried materials were placed into  10 

mL of methanol and submitted to ultrasonicator for 1 hour.  

The LOD and LOQ value for the developed method were 1.05 and 3.50 µg/mL for 

umbelliferone, respectively. The developed method is simple, reliable and yields short analysis 

time (about 3.0 min). 
 

 

Keywords: Apiaceae, Umbelliferone, Capillary Electrophoresis, β-CD. 
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P2-59 

Comparison of Gas Phase Volatile Organic Compounds’ (VOC) 

Concentrations in Samples taken by Active and Passive Sampling 

Techniques  
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Volatile Organic Compounds (VOCs) consists of plenty compounds with different 

boiling points and molecular weights. To estimate the VOC levels in air samples, active and 

passive sampling techniques are the most preferred methods. However, there is lack information 

regarding the associations between both techniques. Levels of indoor VOCs were measured in 

6 homes located in three different towns of Canakkale, Turkey. In this study, indoor VOC 

samples were collected by both active and passive sampling techniques and air samples were 

collected throughout a year. VOC samples were collected on to Tenax TA-Carbograph1TD 

dual-bed sorbent tubes and analyzed by Thermal Desorber-GC-Flame Ionization Detector with 

a capillary column. Concentrations of benzene, toluene, xylenes, and total volatile organic 

compounds (TVOC) were assessed. TVOC concentrations were quantified as toluene-

equivalent. Indoor VOC samples were collected by a low-flow air sampling pump once a month 

by active sampling (US EPA, 1999), while a sampling tube was located into the sampling sites 

for about 1 month-period by passive sampling technique. Concentrations of benzene toluene, 

and xylenes in the passive samples were estimated according to the uptake rates given for the 

sorbents used in this study by ISO standard (ISO, 2003). Calculated concentrations from passive 

and active samples were compared for each target compound. Estimated concentrations of the 

target compounds in passive and active samples showed variations. A total of 53 sample-pairs 

were categorized according to concentration ratio between pairwise Active and Passive samples 

(A/P). Toluene, xylenes, and TVOC levels were found to be higher in more than half of the 

passive samples, while benzene levels were found to be higher in 64,7% of the active samples 

(see Table 1). Furthermore, total score (0-4) for each sample calculated by summing up each 

A/P≥1 pair for all 4 target compounds, showing that all 4 compounds were observed in 66% of 

the sample pairs and concentrations found to be underestimated in 28% of the samples by active 

sampling.  
Table 1. Frequencies (%) of A/P ratios for target compounds 

 

Keywords: Volatile Organic Compounds, Air Sampling, Passive sampling, Active Sampling. 

Acknowledgement: This study was financially supported by The Scientific and Technological Research 

Council of Turkey (TUBITAK). Project no: 112Y059. 

References: 

1. ISO (2003). ISO 16017-2: Indoor, ambient and workplace air-Sampling and analysis of volatile 

organic compounds by sorbent tube/thermal desorption/capillary gas chromatography - Part 2, ISO. 

2. US EPA (1999). Compendium Method for the Determination of Organic Compounds in Ambient Air 

TO-17, EPA/625/R-96010b. 

 

Target compound N  Frequency (%) of A/P≥1  Frequency (%) of A/P<1  

TVOC 53 48 52 

Benzene 34 64,7 35,3 

Toluene 43 21 79 

Xylenes 41 43,9 56,1 
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Amperometric Determination of Putrescine Over Polyfuran Film 
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Small organic molecules with multiple amine groups are ubiquitous in living organisms, 

in food products  and in the environment. One of these organic compounds called biogenic 

amine, putrescine is an aliphatic diamine base that has an important role at synthesis of nucleic 

acid and protein in cell. Putrescine is formed in the process of decarboxylation of the amino 

acids, arginine and ornithine. Despite its vital function in human organism, it also has toxic 

effect due to its excessive endogenous production or intake from the exogenous sources [1]. 

Moreover, it has been reported that certain types of cancer produce an increase of putrescine 

concentration in some human tissues[2]. Thus, putrescine is listed as a tumor marker and its 

determination in clinical samples can be important for diagnosis of malignancy and even for 

monitoring the efficiency of treatments, such radio or chemotherapy diseases [3, 4]. Putrescine 

content in food can also be considered as a freshness marker and be used as an indicator of 

microbial spoilage [5]. The electrochemical synthesis and properties of conducting polymers 

have been studied primarily because of their technological interest. In particular polyaniline, 

polypyrrole, polythiophene, and their derivatives have been the subject of several studies. 

Polyfuran (PF), however, has not received similar attention due to the low conductivity, need 

high polymerizing potential and low stability. But PFu can be more conductive polymer when 

polymerized with different electrolytes containing perchlorate [6]. Furthermore, PF is not 

overoxidized in aqueous media at high potantials that other conducting polymers are. So, PF is 

more suitable for amperometrically determing biogenic amines required high oxidation voltage 

in aqueous media[7].  

In this work, polyfuran modified platinum electode (Pt/PF) prepared for determination 

of putrescine in human serum. Black adherent polyfuran film was deposited on Pt electrode by 

potentiostatically (2.30V) in the acetonitrile solution containing tetrabutylammonium 

perchlorate  and the experiments were carried out in a buffer solution (pH 2.0) consisting 

NaHSO4/Na2SO4.  The experimental results indicate that the current response is more sensitive 

than Pt electrode. The limit of detection(LOD), limit of quantification(LOQ), linear dynamic 

range and the regression coefficient (R2) of Pt/PF modified electrode determined as 6.60x10-4,  

2.21x10-3, 2.21x10-3 to 125 mM and 0.997 at 1.20 V, respectively. The reproducibility was 

investigated by using three different PF films and good analytical results were obtained. The 

modified electrode was successfully employed to determined putrescine in human serum with 

good recoveries.  

Keywords: Polyfuran, Biogenic Amine , Putrescine, Amperometry 
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P2-61 

Preparation of Graphene Based Hydrogen Peroxide Sensitive Biosensor for 

Determination of Glucose  
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    Graphene, a thinnest two-dimensional  carbon material, can provide an ideal platform for 

metal nanomaterials depositionor enzyme adsorption on electrodes due to its unusual 

electronicconductivity, electron flexibility and mobility, large spe-cific surface area, excellent 

mechanical stability[1].We design a sensitive electrochemical sensor for glucose based on a 

glassy carbon electrode that was modified with a nanocomposite containing graphene, gold 

nanoparticles (Au-NPs) and nafion.  

    High-quality graphene (GR) was produced by an effective chemical method using Hummers' 

method. [2-3] GR/NFN(Nafion) preparation, the NFN solution was added to obtain 0.25 (m/v) 

nafion concentration in the GR solution. The quantification of glucose can be achieved via 

electrochemical detection of the enzymatically unchained H2O2. The immobilization of glucose 

oxidase (GOD) over Nafion-solubilized metal nanoparticles dispersed graphene and electrode 

has been achieved by cross-linking with glutaraldehyde. The performances of the biosensor 

have been investigated by electrochemical method at an optimum potential of +0.6V in pH 7.0 

phosphate buffer. In our study glucose biosensor based on immobilization of GOD in Au 

nanoparticles/graphene/NFN nanocomposite film is responsive to a low concentration of H2O2 

(~5µM) and two different linear determination ranges of 10-4-10-3 M (shown in figure-1)  and 

10-3-10-1 M are detected. According to literature values [4-6] our sensor has low detection limit 

and long linear range among to other studies. This properties shows us our sensor is good 

candidates for biochemical applications. 

 

 

Figure 1 Concentration vs. Current between 10-4-10-3 M H2O2 +0.6V in pH 7.0 phosphate buffer 

Keywords: Graphene,Biosensors, 
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Chlorogenic acid (CGA), a biologically important phenolic compound, is a member of 

hydroxycinnamic acid group found in apples, pears, peaches, plums, cherries, and among other 

fruits, and also in beverages such as coffee and tea. Vanillin (VAN) is a unique and highly 

prized food additive as flavor enhancer. This compound is widely used to contribute to the 

fragrance of commercial foods such as pudding, ice-cream, custard, cookies, chocolate, and 

beverages. Caffeine (CAF) is a naturally occurring alkaloid widely distributed in natural 

products, commonly used as a flavoring agent in a variety of beverages. CAF may be also 

considered as the most widely used drug in the world. With respect to the above mentioned 

facts, the individual and/or simultaneous determination of CGA, VAN and CAF is important 

for the quality (taste and health benefit of the product) in foods. Despite the fact that these 

molecules are electrooxidizable at several electrodes, however, bare electrode materials have 

rarely been used for their analysis. The main reason is the problem of electrode surface fouling 

and regeneration for CGA and VAN, or high oxidation potentials of VAN and CAF where 

oxygen evolution current interferes. Our research group has recently reported some papers 

dealing with the voltammetric determination of CGA [1], VAN [2], and CGA+CAF [3] using 

boron-doped diamond electrode. 

In this work, a graphene-modified glassy carbon electrode was fabricated and used for the 

simultaneous determination of CGA, VAN and CAF. The electrochemical behaviors of these 

three compounds were investigated by cyclic voltammetry, and square-wave adsorptive anodic 

stripping voltammetry. By using stripping mode in phosphate buffer solution at pH 2.5 for 

simultaneous determination of CGA, VAN and CAF, their electrochemical oxidation peaks 

appeared at +0.54, 0.83 and 1.40 V, and good linear current responses were obtained with the 

detection limits of 0.0013, 0.046 and 0.055 μg mL-1, respectively.  

The proposed electrochemical sensor was successfully applied for quantifying CGA, VAN and 

CAF in commercial food samples using a simple pretreatment.  

 
Keywords: Chlorogenic Acid, Vanillin, Caffeine, Graphene-Based Modified Glassy Carbon 

Electrode, Simultaneous Determination, Food Samples 
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Functionalized Reduced Graphene Oxide  

Vedat Turkoglu*, Muhammet Guler, M. Riza Kivanc, Zehra Basi 

Department of Chemistry,  University of Yuzuncu Yil 

*E-mail: vedatturkoglu@yyu.edu.tr 

 

 Herein, we have fabricated a novel enzymatic glucose biosensor using glucose oxidase 

(GOx) immobilized onto amine functionalized reduced graphene oxide (rGO-NH2) modified 

glassy carbon electrode (GCE) and a non-enzymatic H2O2 sensor.  The electrochemical 

properties of the modified electrode was investigated using electrochemical impedance 

spectroscopy, cyclic voltammetry, and amperometry. The resulting nafion/rGO-

NH2/GOx/GCE and nafion/rGO-NH2/GCE composites showed good electrocatalytical activity 

toward glucose and H2O2 respectively. The nafion/rGO-NH2/GCE exhibited a linear range 

concentration for H2O2 from 0.03 to 6.1018 mM with a correlation coefficient of 0.994 and a 

detection limit of 0.018 mM. The nafion/rGO-NH2/GOx/GCE showed a linear range 

concentration for glucose from 0.05 to 3.960 mM with a correlation coefficient of 0.999 and a 

detection limit of 0.025 mM. Besides, the fabricated biosensors showed a sensitivity of 10.83 

µA mM-1 cm-2 and an acceptable selectivity for glucose and a sensitivity of 7.16 µA mM-1 cm-

2 for H2O2.  

Keywords: Amine Functionalized Reduced Graphene Oxide, Gox, Nafion, H2O2. 
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An Enzymatic Glucose Biosensor and Sensitive Enzyme-Free H2O2 Sensor 

Based on Reduced Graphene, Co3O4, Aad Ionic Liquid Nanocomposites 

Modified Glassy Carbon Electrode 
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 A nanocomposite material consisting of amine functionalized graphene oxide (GO-

NH2), Co3O4, room temperature ionic liquid (IL: 1-Butyl-3-methylimidazolium 

hexafluorophosphate), and glucose oxidase (GOx) was prepared and used to construct a glucose 

biosensor for the detection of glucose in biological fluids. The incorporation of IL into 

Co3O4@GO-NH2 has increased the sensitivity of both Co3O4@GO/IL/GOx/GCE and 

Co3O4@GO-NH2/IL/GCE. The Co3O4@GO/IL/GOx/GCE biosensor showed good 

electrochemical performance for glucose. The linear response of the biosensor to glucose was 

from 0.04 to 3.747 mM with a correlation coefficient of 0.999, sensitivity of 73.02 µA mM-1 

cm-2, and limit of detection of 25 µM. Also, the Co3O4@GO-NH2/IL/GCE exhibited good 

response to H2O2.  The linear response of the sensor to glucose was from 0.029 to 5,235 mM 

with a correlation coefficient of 0.996, sensitivity of 170.98 µA mM-1 cm-2, and limit of 

detection of 12 µM. According to these results, the fabricated biosensor and sensor can be used 

for glucose and H2O2 in real samples. 

Keywords: Amine Functionalized Reduced Graphene Oxide, Gox, Co3O4, H2O2, Ionic Liqud. 
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Electrochemical Glucose Biosensing via New Generation Conducting 
Polymers/Gold Nanoparticles/Glucose Oxidase Modified Electrodes 
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The biosensors can be described as chemical sensors in which the recognition system utilizes 

a biochemical mechanism [1]. In this study, a novel approach for constructing different glucose 

biosensors using conducting polymers of 4-(4H-dithyinol[3,2-b:2′,3′-d]pyroll-4-yl)aniline (DTP-Ph-

Ph-NH2) and 4-(4H-dithyinol[3,2-b:2′,3′-d]pyroll-4-yl)-[1,1′-biphenyl]-4-amine (DTP-Ph-NH2) is 

proposed. The synthesis of derivatives of dithionepyrrole (DTP) is a hot subject that has been studied 

extensively. After the synthesis and characterizations of the dithionepyrrole type monomers, they 

were used in glucose biosensing applications. The surface of gold electrode was modified with 

mercaptoethane sulfonic acid and paminothiophenol functionalized gold nanoparticles (AuNPs) and 

aniline modified Glucose oxidase (GOx). Electrochemical measurements were carried out by 

following the consumed oxygen due to the enzymatic reaction of glucose oxidase. DTP-Ph-

NH2/AuNP/GOx and DTP-Ph-Ph-NH2/AuNP/GOx biosensors showed very good linearity between 

0.1 and 2.5 mM, and 0.05 and 1 mM for glucose, respectively. LOD value was obtained for pDTP-

Ph-NH2/AuNP/GOx as 5.00×10−2 mM and for pDTP-Ph-Ph-NH2/AuNP/GOx as 9.86×10−5 mM 

using S/N ratio. Optimization of molar ratio amount of AuNP/GOx, cycles amount to immobilize 

AuNP/GOx, conducting polymer thickness were examined. Finally, under optimized conditions, the 

amount of glucose in spiked human serum samples and recovery experiments were conducted [2]. 
 

Keywords: Glucose Biosensors, Conducting Polymers, Gold Nanoparticles, Aniline Modified Glucose 

Oxidase 
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Cholesterol is an important compound which needed for biosynthesis of hormones, 

vitamin D or forth substances [1]. The overabundant of this essential lipid may cause several 

diseases such as brain thrombosis, anemia, hypolipoproteinemia, malnutrition hypertension, 

septicemia and arteriosclerosis etc. [2]. To avoid of these diseases accurately and reliable 

determination of cholesterol in human serum is very important. For this aim, colorimetric, 

fluorometric and chromatographic techniques and hybrid systems have been used [3].  

This study includes the preparation of new surfaces through the immobilization of 

graphene onto the glassy carbon electrode and electrodeposition of gold at the graphene 

decorated surface. Bare glassy carbon and modified carbon electrode surfaces were 

characterized with atomic force microscope and scanning electron microscope. 

The microscopic characterization results showed us that the graphene film on the glassy 

carbon electrode surface provided an ideal matrix for electrodeposition of gold as compared to 

the bare electrode surface. The modified surfaces were evaluated for the design of non-

enzymatic cholesterol sensor. The electrochemical results approved the high sensitivity of 

proposed system for cholesterol determination.  
 

Keywords: Cholesterol Sensor, Electrochemistry, Electrodeposition, Graphene, Gold Nanostructures 

 

References: 

1. A.N. Kozitsina, A.V. Okhokhonin, A.I. Materna, Journal of Electroanalytical Chemistry (2016) 772 

89-95. 

2. A. Hayat, W. Haider, Y. Raza, J. L. Marty, Talanta (2015) 143 157-161. 

3. X. Lin, Y. Ni, S. Kokot, Sensors and Actuators B: Chemical (2016) 233 100-106.  

 

 

 

  



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

256 

 

P2-67 

Conducting  Polymer of 10-(4H-dithieno[3,2-b:2',3'-d]pyrrol-4-yl)decan-1-

amine]  As an İmmobilization Matrix  for Microbial  Biosensing Based on 

Gluconobacter Oxydans 

 

Hacer AzakA, Huseyin Bekir YildizB,*, Dilek Odaci DemirkolC, Suna TimurC 

 

    ADepartment of Chemistry, Kamil Ozdag Science Faculty, Karamanoglu Mehmetbey University, 

70100 Karaman, Turkey 
BDepartment of Materials Science and Nanotechnology Engineering, KTO Karatay University, 42020 

Konya,Turkey 

         CEge University, Faculty of Science, Biochemistry Department, 35100 Izmir, Turkey 

 

*E-mail: hazak@kmu.edu.tr 

 

 

Microbial based biosensors are suitable for the control of biochemical processes. 

Microbial based biosensors involving bacteria, yeast or fungi find applications such as in waste 

water treatments, brewing industries and detection of pesticides [1-3]. The advantages of 

microbial based biosensors are found in many places, can be adapted to different conditions, 

they are more resistant the enzyme electrode. Cells are particularly useful for multi catalyzes. 

Recent research efforts have been directed towards entrapping biomolecules within 

electrochemically synthesized conjugated polymers. These polymers were frequently used in 

amperometric microbial electrodes to enhance the electron transportation reaction between 

electrode and microbial reactions via branched conducting network.  

In this work, novel amperometric microbial biosensor was developed using amine 

functionalized conducting polymer with G. Oxydans. Biological materials were immobilized 

with the help of glutaraldehyde. pH optimization, polymer thickness optimization studies were 

performed for biosensor and the analytical characterizations of the biosensor well achieved. 

Designed conducting polymer have the biocompatible character due to its amine functional 

group resulted in a microbial biosensor. 
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Rosmarinic acid (RA) is a hydroxycinnamic acid derivative and a naturally occurring 

phenylpropanoid that is commonly found in species of the Boraginaceae family, the subfamily 

Nepetoideae of the Lamiaceae family. The antioxidants are redox agents, and both 

electrochemical and chemical oxidations of these compounds have been studied [1]. 

Dehydrogenase based biosensor need nicotinamide adenine dinucleotide (NAD+) as a 

coenzyme. Reduced form NADH generated in the enzymatic reaction is oxidizing on the 

electrode surface at suitable potantial and electrooxidation of NADH is detected. 

Electrooxidation of NADH at high overvoltage causes irreversible formation of enzymatically 

inactive forms of NAD+ and contamination (fouling) of electrode surface due to adsorption of 

these products which results in background currents leading to interferences in the analysis of 

real samples. Various mediators, polymers and nanomaterials (NMs) have been widely used in 

modification of electrodes to lower this high overpotential and thus minimize the side reactions 

[2]. The main aim of the present research is used by RA as new redox material to the 

electrooxidation of NADH at lower potential. As the biosensor application of RA modified 

SPCE is utilized determination of ethanol.  

RA was deposited on SPCE by potential cycling between -0.1 to +0.8 V for 5 cycles in 

at a scan rate of 20 mV s-1 a solution containing 1 mM RA, 50 mM pH 7.0 PBS. 1 mg ADH 

was dissolved in 10 µL 50 mM PBS of pH 7.0. Then 5 µL of this solution was spread over the 

working electrode surface of RA modified SPCE (SPCE/RA). It was then allowed to dry 1 hour 

at 4 °C. In order to stabilize the activity of biosensing enzyme layer, ADH was cross-linked 

with GA.  

Figure 1 represents the cyclic voltammograms of 0.5 mM ethanol, 2 mM NAD+ and 

buffer obtained with SPCE/RA/ADH. The cyclic voltammograms were obtained in a series of 

concentrations of ethanol and are given in Figure 2. The anodic current was an enhancement 

with the addition of ethanol. Ethanol was detected amperometrically by applying a potential of 

+0.20 V (vs. Ag pseudo reference electrode). Measured current plotted vs ethanol concentration 

gave a sensitivity and a correlation coefficient of 1.14 μA.mM-1 and 0.993, respectively. 

 
Figure 1. CVs obtained with SPCE/RA/ADH  at a scan rate of 50 mV s-1 in 50 mM pH 7.0 PBS (in 0.1 M KCl) containing no 

ethanol (inner CV) and containing 0.5 mM ethanol (outer CV) 

 
Keywords: Rosmarinic Acid, Alcohol Biosensor, Screen-Printed Electrode, Antioxidant 
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Transition metal oxides are used in a wide range of applications in various fields due to their 

abundant sources and low cost. Molybdenum and manganese oxides have received a special 

attention owing to their remarkable electronic, catalytic, and electrochromic properties 

depending on the synthesis procedure. The nature of the deposit can also be controlled by 

changing the deposition parameters and a mixed-valent metal oxide (MeOx) film can be 

produced by this means on a glassy carbon electrode [1]. Electrochemical Pulsed Deposition 

(PD) technique is becoming popular as the pattern of applied potential determines the 

composition and morphology of MeOx [2]. A recent study has shown that PD deposited Mn-

Mo oxide film on glassy carbon electrode (GCE) and further decorated with Pt nanoparticles 

can be used as a catalytic platform for monitoring oxygen reduction reaction (ORR) [3]. 

Dissolved oxygen is usually consumed during the enzymatic reactions thus; its detection is very 

interesting for the development of biosensors. This study reveals the catalytic activity of gold 

nanoparticle modified manganese and vanadium oxide film (AuNPs/MnOx-VOx) co-deposited 

on carbon nanotube modified glassy carbon electrode (GCE) towards ORR and their use in 

biosensing technology, i.e. glucose sensing. 

The biosensor was prepared by mixing the glucose oxidase enzyme (GOx), chitosan and ionic 

liquid with 25 μL of pH 7.0 sodium phosphate buffer solution. Afterwards, 25 μL of this mixture 

were dropped onto the AuNPs/MnOx-VOx/CNT/GCE surface and kept in a refrigerator for 1 h 

in +4 C. The electrode was then dipped into the sodium phosphate buffer solution and kept in 

5 min. These novel electrodes were tested upon glucose biosensors (Fig.1). 
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Fig.1. Chronoamperometric response for glucose concentration at the different modified biosensor 

platforms (A) and calibrations graphs (B). 
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Vitamins constitute a group of compounds, which are essential for the normal growth 

and functioning of the human body. Vitamin deficiency can lead to many diseases, thus there 

is an increasing interest in the development of suitable and reliable methods for quantifying 

vitamin on complex samples in many fields [1,2]. Some chromatographic, 

spectrophotometric/fluorimetric and electrophoretic methods were recently proposed for 

determining vitamin B. Moreover, microbiological assays, biosensor and potentiometric 

methods were also proposed. Voltammetric methods were also reported, since they are 

particularly suitable due to their high sensitivity and low cost [3]. 

In the present work, we have observed the electrochemical behaviour of vitamin B6 and 

B9 was investigated at Pt and Au nanoparticles modified poly(taurine)/GC electrodes. Modified 

electrodes were characterized with electrochemical impedance spectroscopy (EIS), Atomic 

force microscopy (AFM), scanning electron microscopy (SEM) and energy dispersive X-ray 

spectroscopy (EDX) techniques. The best catalytic activity was obtained at Au nanoparticles 

modified electrodes for simultaneous determination of vitamins (Figure 1). Finally, modified 

electrodes are used for the determination of B vitamins in pharmaceutical preparations. 
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Figure 1. Square wave voltammograms for vitamins B9 and B6 at 

AuNPs/Poly(Taurine)/CNT/GCE  
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Sesamol (3,4-methylenedioxyphenol), a phenolic component of lignans and a major 

natural component of sesame seed oil, has been shown to have cardioprotective, 

antiatherogenic, chemopreventive, and anti-aging properties, and even anti-cancer effects [1,2]. 

Most of all, sesamol is best known for its antioxidant, as well as anti-inflammatory, effects [3]. 

Tahini halva is consist of sesamol.  

Boron doped diamond (BDD) is a one of the novel carbon-based material, which has 

been studied more in detail in last 20 years [4]. The most relevant feature of this material is 

high overpotential for the oxygen and hydrogen evolution causing the fact that BDD electrodes 

have absolutely the widest working potential range of currently using working electrodes [4]. 

In this work, we developed an electrochemical method for detection of sesamol. Square 

wave voltammetry (SWV) had a good sensitivity for detection of sesamol on the  

BDD electrode. The electrochemical behavior of sesamol oxidation was investigated at BDD 

electrodes in 0.1 M H2SO4 solution. The linear concentration ranges were found between 0.5 to 

1000 μM (R2 = 0.9981) (Fig.1). The limit of detection (LOD) and limit of quantitation (LOQ) 

values were calculated to 0.15 μM and 0.5 μM, respectively. Finally, BDD electrode is used 

determination of sesamol in different tahini halva samples. This electrode has good stability, 

sensitivity, reproducibility and selectivity. The proposed method has also been practically and 

successfully applied for the determination of sesamol. 
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Figure 1. Sqaure wave voltammograms of different sesamol concentrations at (a) 0.1 M H2SO4, (b) 

0.5- 10 μM, (c) 20, (d) 40,(e) 60, (f) 80, (g) 100, (h) 200,(i) 400, (j) 600,(k) 800,(l) 1000 μM. 
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C-reactive protein (CRP) is a member of the pentraxin family of proteins that 

participates in the systemic response to inflammation. In humans, CRP is the most sensitive 

acute phase reactants, with serum levels rising as much as 1000- fold following injury or 

infection and measures of plasma CRP levels are used clinically as a biomarker of 

inflammation. The identification and validation of biomarkers for diagnosing Alzheimer’s 

disease (AD) and other forms of dementia are increasingly important. Considerable studies 

proof that inflammation process is associated with Alzheimer's disease (AD) pathology, CRP 

level is increased in the brain and serum of patients with Alzheimer's disease(AD). Based on 

the importance of CRP in patients with AD, novel, cost effective and disposable biosensor 

system has been designed to determine C-reactive protein for diagnosis and monitoring 

treatment. The biosensor was based on the indium tin oxide (ITO) electrodes modified by 11 

cyanoundecyltrimethoxysilane which is very new organo-functional silanes. Anti C-reactive 

protein (anti-CRP) was covalently immobilized on to poly amidoamine dendrimer (PAMAM). 

To monitor immobilization and optimization steps of biosensor, cyclic voltammetry (CV), 

square wave voltammetry (SWV) and electrochemical impedance spectroscopy (EIS) 

techniques were applied. To achieve reproducible and repeatable biosensor system, all 

parameters such as self assembled mono layers (SAMs) concentration, antibody concentration, 

and PAMAM concentration were optimized. The present biosensor has wide determination 

range and showed repeatable and reproducible characteriscs which are hopeful for using in 

medical fields as a diagnostic tools.   
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SOX2 plays critical roles in the embryonic development of several tissues and in 

organogenesis[1,2].  In recent years, SOX2 has been investigated intensively and found to be 

associated with induced pluripotent stem cells [3]. It also contributes to tumorigenesis and the 

recurrence of certain types of human cancer. Overexpression of SOX2 has been demonstrated 

in small-cell lung cancer, pancreatic intra-epithelial neoplasia, cancers of the stomach, prostate 

and colon, and squamous cell carcinomas of different organ sites [4].  

In this study,  an ITO (indium tin oxide) based biosensor was designed to determine 

SOX2. Firstly ITO electrodes were modified with NH4OH/ H2O2/H2O to obtain the OH groups 

on the surface. Later, the surface of ITO electrodes were modified with 11-

cyanoundecyltrimethoxysilane. After SAM formation, anti-SOX2 was covalently immobilized 

onto the electrodes. All parameters such as 11-cyanoundecyltrimethoxysilane (11-CUTMS) 

concentration, anti-SOX2 concentration and incubation time, SOX2 incubation time were 

optimized to prepare a sensitive, reproducible, repeatable and stable biosensor. For determining 

the immobilization steps and optimization of the biosensor, electrochemical impedance 

spectroscopy (EIS)  and cyclic voltammetry (CV) were used. To determine analytical 

characterization of proposed biosensor; linear range, repeatability, reproducibility, regeneration 

studies were done. In optimum conditions, the linear range biosensor of the biosensor was 

determined as 0,02 pg/mL – 2 pg/mL. Square wave voltammetry technique was applied to the 

biosensor. These steps were realised in K3 [Fe(CN)6]/K4[Fe(CN)6] redox probe. Shelf life of 

designed biosensor was investigated. SEM (Scanning Electron Microscope) technique was used 

to determine the morphology of the surface in every step. To determine whether the impedance 

spectra of the designed biosensor are affected from the deviation obtained because of external 

factors, Kramer’s Kronig transform was used. Finally, the designed biosensor was applied to 

real human serum and hopeful results were obtained. 
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Hydrogen Peroxide (H2O2) is a significant molecule in many fields like food science, 

chemistry, environmental sciences, pharmaceutical and clinical applications. Also H2O2 forms 

from many enzymatic reactions containing peroxidase enzymes [1]. Moreover its toxic effects 

are well known in living organisms [2]. Due to these reasons, fast, sensitive and selective 

detection of H2O2 is important in construction of sensors/biosensors. Many methods have been 

proposed for its determination including spectrometry, titrimetry, and electrochemistry. Among 

them, electrochemical methods have found great attention because of its high sensitivity, ease 

of operation, and low cost [3]. Accordingly, researchers are focusing on the new electrocatalysts 

to decrease the overpotential and increase the kinetics of electron transfer [4]. Among them, 

metal nanoparticles (Au, Pd, Pt, Ag) have been widely used in increasing electron transfer 

between electrode surface and substrate because of their high conductive properties, large 

surface areas and they also show high catalytic activity to many molecules [5, 6]. 

In this work, Pt nanoparticles modified Pencil Graphite Electrode (PGE) was used for the 

electrocatalytic oxidation of H2O2. For this, Platinum nanoparticles (PtNPs) electrochemically 

deposited on PGE surface by recording cyclic voltammograms of 1.0 mM of H2PtCl6 solution 

in 0.1 M KCl at scan rate of 50 mV/s with 30 cycles. Surface morphologies of PGE and 

modified electrodes (PtNPs- PGE) were examined by recording their Scanning Electron 

Microscope (SEM) images which indicate PtNPs were successfully decorated on PGE. Finally, 

electrochemical oxidation of H2O2 was investigated by recording cyclic voltammograms of 

PGE and also PtNPs-PGE in 0.1M NaOH solution at scan rate of 50 mV/s. Cyclic 

voltammograms show that the peak potential of H2O2 oxidation shifts from +700-800 mV at 

bare PGE to +50 mV vs. Ag/AgCl /KCl (sat) at PtNPs-PGE. This result showed that PtNPs-

PGE exhibit a good electrocatalytic activity towards oxidation of H2O2. Then, electrocatalytic 

determination of H2O2 was performed in Flow Injection Analysis (FIA) system under optimized 

conditions using a new homemade electrochemical flow cell which was constructed for PGE 

for the first time.. As a result, it can be concluded that this study shows the first study on the 

amperometric FIA determination of H2O2 using PtNPs modified PGE. 
Keywords: Hydrogen Peroxide, Pencil Graphite Electrode, Flow Injection Analysis, Platinum 

Nanoparticles. 
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NADH (induced form of β- Nicotinamide adenine dinucleotide) is an important coenzyme 

for production of energy in human cells [1]. NADH plays roles in many biosynthetic reactions. 

It is also known that it catalysis more than 250 enzymes [2] and has been used for the 

construction of electrochemical biosensors. The electrochemical oxidation of NADH has 

received considerable attention due to these important functions. Chemically modified 

electrodes (CMEs) have been widely used for electrocatalytic oxidation of NADH [1-3] due to 

its highly irreversible oxidation with a great overpotential at a bare electrode. For this aim many 

redox mediators have been used for electrocatalytic oxidation of NADH. Among them, 

Pyrocatechol violet (PCV), which is a sort of sulfone phthalein dye obtains from pyrocatechol 

and o-sulphobenzoic acid anhydride, has also been used as a an effective redox mediator [4]. 

However, our literature search showed that PVC modified Pencil graphite electrode (PGE) has 

not been used for the electrocatalytic determination of NADH in Flow Injection Analysis (FIA) 

system.  

In this work, electrocatalytic determination of NADH has been described in FIA using PCV 

modified PGE for the first time. Modified PGE was prepared through immersion of PGE into 

10-2 M PVC solution in water for 10 min. Cyclic voltammograms of bare PGE and modified 

PGE were recorded in the absence and presence of  NADH in Phosphate Buffer solution (PBS 

at pH 7.0) at scan rate of 20 mV/s.  Cyclic voltammetric studies show that the peak potential of 

NADH oxidation shifts from +450 mV at bare PGE to +200 mV vs. Ag/AgCl /KCl (sat) at 

PVC/PGE. This result showed that PVC modified PGE exhibit a good electrocatalytic activity 

towards oxidation of NADH. Then,   electrocatalytic determination of NADH was performed 

in FIA system under optimized conditions using a new homemade electrochemical flow cell 

which was constructed for PGE for the first time. The electrocatalytic currents obtained from 

amperometric measurements in FIA at +200 mV vs.  Ag/AgCl /KCl (1.0 M) and at pH 7.0 PBS 

containing 1.0 M KCl were linearly related to the concentration of NADH. As a result, it can 

be concluded that this study shows the first study on the amperometric FIA determination of 

NADH using PVC modified PGE. 
 

Keywords: NADH, Pyrocatechol Violet, Pencil Graphite Electrode, Flow Injection Analysis  
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by the Application of The Graphene Oxide-modified Glassy Carbon 
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Heavy metal composition of environmental samples is of interest because of their 

essential or toxic nature. For this reason the evaluation of heavy metal concentration is of 

special interest and it has been attracted considerable attention [1].To accurate and precise 

determination of these ions several analytical techniques such as flow injection, amperometric, 

gravimetric, optic and stripping analysis etc. are available for the determination of metals with 

sufficient selectivity [2]. One of the ways to perform these applications has been possible by 

electrochemical and/or chemical modification of electrode surfaces [3,4]. Due to its relative 

low cost and good analytical performance, electrochemical instruments are the main device for 

the determination of metals in many laboratories. From the point of this view, in this study 

graphene oxide(GO) and reduced graphene oxide (rGO) nanoparticles were synthesized by 

Hummers method. Then application of graphene oxide-modified glassy carbon 

electrode(GO/GC) for the electrochemical determination of Cu(II) from different copper salts 

such as CuSO4.5H2O, Cu(NO3)2.3H2O and CuCI2 was performed by differential pulse 

voltametry, square wave voltametry and open circuit potential. The GO/GC electrode was found 

to be suitable for selective determination of Cu(II) in the solutions containing the mixture of 

heavy metal ions and showed high stability and reproducibility.  
 

Keywords: Electrochemical Determination, Copper Salts, GO, rGO, Heavy Metal. 
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The Investigation of Electrochemical Behavior of Amine Compounds on 

Glassy Carbon Electrode 
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The modified electrodes are given targeted properties with the modification of a 

conductive substrate and these electrodes have different properties from unmodified subsrate. 

Also knows that; electrochemical behaviors of electrodes is able to change with various 

materials which are absorbed to electrode surface.   

 In this study; the electrochemical behaviors of diphenylamine, triphenylamine and 

triphenylphosphine on the Glassy Carbon (GC) electrode surface in both aqueous and non-

aqueous media were investigated by using of cyclic voltammetry (CV). Pt wire, Ag/AgCl and 

glassy carbon electrode were used as counter, reference and working electrode, respectively. In 

order to provide aqueous media for the modification experiments, Britton Robinson (BR) buffer 

solution was chosen at pH=7. Electrochemical charactarization was realized with CV technique 

in the presence of redox probes as potasium hexacyanoferrat III (HCF(III))  and Ferrocene in 

the suitable conditions of their own potencial range, scan rate and solvent. After that the result 

was obtained and compareds with the bare GC. It has been reliazed that the all electrodes 

modified with amine compounds used.  

 After that the dfferancies for capacity of metal holding were examined. From these 

results, Cu compound was selected and the optimum conditions was determined. For this, 

cupper solitions (1.10-2 M CuCl2.2H2O) with Br buffer solitions at pH 2, 5, 8 and 11 were 

prepared. DPV (Differential pulse voltammetry) method was used for experiment of holding 

metal capacity. The optimum pH was found to be as 5 for cupper solitions. Then a stock solution 

of cupper was prepared for finding the optimum consantration. Different consantration of 

cupper solution (1.10-2, 1.10-4, 1.10-6, 1.10-8) was prepared. Optimum consantration was found 

to be as 1.10-2. GC electrodes with used compounds was modified and the these electrodes in 

cupper solutions which prepared in optimum contidions. After all these experiments, it was 

obtained that the used compounds have different capacity for holding metal.  

 

Keywords: Diphenylamine, Triphenylamine, Triphenylphosphine, GC, DPV, Metal Holding Capacity   
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Amperometric Determination of Hydroquinone in The Presence Of Phenol 

and Catechol in River Water over Polycarbazol - Polyaniline Copolymer 

Film 
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Phenol compounds are plentiful in nature. They are extremely harmful to animals, 

plants, and aquatic environments even at very low concentrations. It is a widely used as 

stabilizer in the paint industry, a lightening agent in dermatology, an antioxidant for fats and in 

cosmetics, medicines, varnishes, photography, motor fuels, oils, dyes, photostabilizer, 

plasticizers, pesticides and some pharmaceuticals[1-3]. It is a highly reactive molecule and can 

producere active oxygen species through redoxcycle. Therefore, it can be metabolized to 

benzoquinones which are potentially haematotoxic, genotoxic and carcinogenic compounds[4]. 

Every year, it was estimated that living beings and environment were exposed to this substance 

from many sources. Due to the exposure of alives, it can cause sensitization and irritation in the 

nose, throat and eyes, tiredness, headache, tachycardia and kidney damage[5].  

For determination of HQ, Polycarbazole homopolymer and polycarbazole - polyaniline 

copolymer films were synthesized on the Pt electrode in dichloromethane (CH2Cl2) medium 

containing 33 mM HClO4, 100 mM TBAP by potentiodynamic method for the first time and 

optimum conditions were determined. The characterization of the synthesized films was carried 

out by using some methods, such as cyclic voltammetry, FT-IR, Raman, UV-vis, SEM and 

EDS. In the second part of the study, electrochemical behavior of the films was examined using 

cyclic voltammetry in aqueous solution containing NaHSO4 / Na2SO4 (pH 2.0- 6.5) and the 

optimum condition was determined as to be the pH 4.0[6]. Electroanalysis of hydroquinone with 

amperometric I - t method (between from 0.40 V to 0.60 V) was successfully performed using 

these modified electrodes. The best analytical data (limit of detection (LOD) , limit of 

quantification (LOQ), linear range and regression coefficient (R2) were calculated as to be 

2.43x10-4 mM, 8.08x10-4 mM, 8.08x10-4 – 85.0 mM and 0.9982, respectively) in optimum 

conditions (pH 4.0 and 0.55 V) was obtained by the use of PC- PANI film. The results were 

compared with uncoated Pt electrode. The reusability of films was tested in the optimum 

conditions in which the best analytical results were obtained. Determination of hydroquinone 

in the presence of phenolic compounds containing hydroxyl group using artificially 

contaminated river water samples with hydroquinone, phenol- hydroquinone, catechol- 

hydroquinone and fenol-catechol- hydroquinone was carried out and high satisfactory recovery 

values were obtained.  

 
Keywords: Polycarbazole, Polyaniline, Copolymers, Hydroquinone, Amperometry 
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Synthesis and Characterization of Polianiline - 1,10 Phenanthroline 

Modified Electrode and Sensitivity to Fe(II) Ion 
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Phenanthroline is a heterocyclic organic compound. It is a white solid that is soluble in 

organic solvents. It is used as a ligand in coordination chemistry, it forms complexes with 

different metal ions[1]. The 1,10- phenanthroline family has been extended to the use of 

dihydroxy, dimethyl, nitro and diphenyl derivatives. The spectrophotometric determination 

method of a red-orange complex that forms between iron(II) and 1,10-phenanthroline is 

practical and sensitive. 1.10-Phenantroline is a well-known benchmark ligand and has often 

been used in the coordination chemistry fort he complexation of transition metal ions, such as 

Fe2+, Ni2+ and Co2+ [2]. 

In this study, Polyaniline – 1,10-phenanthroline (PANI –Fnt) film deposited using the 

polymerization solution containing aniline, 1,10-phenanthroline, HClO4 and 

tetrabutilamonyumperklorat (TBAP)  in dichloromethane (CH2Cl2) medium on the Pt electrode 

surfaces between -0.40 V and 1.80 V vs. Ag / AgCl and electrochemical synthesis of the PANI 

- FNT film obtained by depositing of Fnt on the PANI film as separate layer between -0.10 V 

and -1,20 V using solution containing Fnt, HClO4 and TBAP were performed for the first time. 

The characterization of the synthesized films was carried out by using methods, such as cyclic 

voltammetry, FT-IR, UV-vis, SEM and EDS. In the second part of the study, electrochemical 

behavior of the films was examined using cyclic voltammetry in aqueous solution containing 

NaHSO4 / Na2SO4 (pH 2,0- 6,5) and the optimum condition was determined as the pH 4,0. In 

the optimum working pH medium, interacting with Fe2+ of films was determined by cyclic 

voltammetry method.   

 
Keywords: Polyaniline, 1,10 Phenanthroline, Sensitivity to Fe(II) Ion, Cyclic Voltammetry 
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Materials Using a Modified Carbon Paste Electrode 
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In recent years, a great many interest about bisphenol A (BPA), [2, 2-bis (4-

hydroxyphenyl) propane], that is one of the most common chemicals to which we are exposed 

in everyday life  in order the production of the single use utensils has been enlarged. BPA is a 

monomer that is used for production of polycarbonate (PC), a hard, clear plastic, and it is also 

used in the manufacture of epoxy resins found in many common consumer products such as 

water bottles, including some baby bottles, disposable tableware,  coatings on the inside of 

many food and beverage cans, and food storage boxes. A PC material may include BPA in its 

structure due to incomplete polymerization reaction during their production.  Migration of this 

compound into food from PC tableware and the other material has also caused concern due to 

estrogenic activity of BPA [1, 2]. BPA has been identified as an important endocrine disrupting 

compound. It has been also found that BPA could possibly cause cancer, diabetes, 

hyperactivity, and obesity. Therefore, it is very important to remove BPA from the environment 

and to determine its presence [3, 4].    

A method for determining the amount of BPA in the polycarbonate eating utensils due 

to an incomplete polymerization reaction during their production was investigated in this study. 

For this purpose, polyvinyl benzyl chloride - ethylene glycol dimethacrylate  (PVBC–EGDMA) 

resin modified CPE was prepared in order to develop a stable and  sensitive voltammetric 

method to determine BPA quantitatively in polycarbonate materials, in a simple, fast, and 

inexpensive manner. 

The optimum voltammetric response was achieved in a pH 9 BR buffer. Additions of 

BPA using a quantitative voltammetric determination exhibited a linear detection range 

between 0.02 and 270 µM BPA. The limit of detection and the limit of quantitation were found 

to be 0.011 µM and 0.037 µM, respectively. The method developed was successfully applied 

to the determination of BPA content of real samples.  
 

Keywords: Bisphenol A, Modified Electrode, Cyclic Voltammetry, Differential Pulse Voltammetry 
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Acid dissociation constants are important physicochemical parameters, which give 

critical information about drug properties such as solubility, lipophilicity, acidity [1-3], 

transport behavior, bonding to receptors [2–4], and permeability [5]. Hence, the relationship 

between the acid dissociation constants and structure in drug design studies is crucial [2, 3, 6]. 

Acid dissociation constants are also key parameters for the selection of the optimum conditions 

in the development of analytical methods [5] and provide information about the stereochemical 

and conformational structures of active centers of enzymes [7]. 

Thiohydantoins, and their some derivatives are known to show a range of biological 

activity such as, antiviral, anticonvulsant [8a], antimicrobial [8b], anti-inflammatory [8c], 

antitumour [8d], antiandrogenic [8e] properties and agricultural applications [8f]. Due to these 

valuable biological and pharmaceutical properties of thiohydantoin and their derivatives are 

attractive to study to investigate more potent derivatives. 

As part of our ongoing research work [9] acid ionization constants for 2x10-4 M of the 

synthesized thiohydantoin derivatives were determined in acetonitrile-water (20:80, (v/v)) 

hydroorganic solvent system at 25 ± 0.1 °C by using potentiometric titration method in the 

presence of sodium chloride and hydrochloric acid, and sodium hydroxide were used as titrant. 

Acid ionization constants were determined potentiometric titration method from obtained data 

by Molspin Titration System using HYPERQUAD computer program. 
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Sildenafil (SD) is a typical phosphor diesterase-5 inhibitor which is abused as drugs and 

health products to treat male erectile dysfunction [1-2]. It has also adverse effects such as head 

ache, vertigo, the reduction of blood pressure and aggravation of cardiovascular disease. 

Magnetic solid-phase extraction (MSPE) is known a new type of solid-phase extraction (SPE) 

based on the use of magnetic particle as [3] as the adsorbent. MSPE is a useful and simple 

extraction method for trace analytes with high extraction efficiency. In addition, MNP possesses 

large specific surface area owing to nano structure, and the equilibrium time between the 

sorbents and sample solution is greatly shortened, resulting in relatively higher extraction 

capacity and detection sensitivity [4]. 

In this study, magnetic nanoparticles (MNPs) was developed including graphene oxide 

and nano diamond hybrid material as solid-phase extraction adsorbent. A thermal synthesis 

equipment was used to obtain new adsorbent. The prepared material was characterized by 

Fourier transform infrared (FT-IR) spectra, X-ray diffraction (XRD) spectrometry and scanning 

electron microscopy (SEM). The functionalized MNPs showed excellent dispersibility in 

aqueous solution and they were applied to magnetic solid phase extraction (MSPE) of sildenafil 

from model solutions followed by high performance liquid chromatographic analysis. 

Experimental variables were investigated in detail such as the amount of MNPs, pH and salt 

concentration of sample solution, extraction and desorption time, and the volume of desorption 

solvent. Under the optimum MSPE conditions, the developed method showed satisfactory 

reproducibility with intra-day and inter-day relative standard deviations less than 2.8 % and low 

limits of detection of 1.51 ng mL-1. The proposed material possessed good water compatibility 

and demonstrated excellent applicability for real samples. 

Keywords: Sildenafil, Magnetic Solid Phase Extraction, HPLC 
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Electrodes chemically modified using monomers are uncommon are arousing great 

interest in the area of electrochemistry, due to easy preparation and by possibility of those 

materials (1). Many ways of anchoring compounds electrochemically active in the surface have 

been investigated in order to shorten the distance between the sites of oxidation-reduction 

involved in electronic transfer reactions (2). 

4-amino-3-hydrazino-5-mercapto-1,2,4-triazole, also known as purpald, is a 

chromogenic agent that is widely used in the determination of aldehyde (3). Purpald possesses 

S–C–N linkages and displays potential ligands for metal complexes that may also be 

biologically active just like some other amine- and thione-substituted triazoles. 

In this study, electrochemical behaviour of purpald (4-amino-3-hydrazino-5-mercapto-1,2,4-

triazole) was investigated by cyclic voltammetry (CV). Then, purpald modified pencil graphite 

electrode (PGE) was prepared by using cyclic voltammetry methods. As a results of cyclic 

voltammogram, purpald modified pencil graphite electrodes were optimized (scan rate, number 

of cycle, pH) and this process 0.0 V - 0.6 V potential range carried out in the 0.1 M pH 8 BR 

(Britton-Robinson) buffer. Purpald modified pencil graphite electrode was washed with BR 

buffer solution dried at room temperature before use.  

The polymeric film was then characterized by electrochemical impadence spectroscopy 

(EIS) methods. The polymeric film compared to bare pencil graphite electrode, purplad and p-

phenylenediamine modified pencil graphite electrodes, respectively. As a results of 

electrochemical impadence spectroscopy (EIS), electrochemical polymerization was 

determined electrode on surface. 
 

Keywords: Purpald, Pencil Graphite Electrode, Electrochemistry, Electropolymerization  
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Water has become a valuable source for the world due to the rapid growth of population, 

urbanization and industrialization. Increasing water stress not only in the arid or semi-arid 

regions but also in the regions without any water shortage leads to the application of efficient 

techniques for water recovery and reuse. Heavy metals can be listed as one of the most critical 

pollutants for various water bodies. Heavy metal pollution of water sources triggers various 

research studies due to their potential ecological effects and possible health concerns on 

humans. Thus, efficient techniques for the rapid and accurate detection of heavy metals became 

important. Development of the heavy metal selective electrodes is a simple, robust and fast way 

of determining heavy metal ions in aqueous phase.   

 In this study, graphite is selected for the electrode material. Pencil graphite electrode, 

polypyrrole electrode and Cyanex 921-polypyrrole electrode are employed as the working 

electrode. Cyanex 921 compound is used as a modifier for the first time in the literature for the 

voltammetric determination of Cu(II). Modified electrodes are developed by the cyclic 

voltammetry method and their performances in the determination of Cu(II) ions are analyzed 

by the differential pulse voltammetry. Effect of the pH on Cu(II) determination is investigated 

with the Britton-Robinson buffer solution which is suitable for the applications in a wide pH 

range (1.0-7.0). Effects of Cyanex 921 concentration, cycles (1-12), and scan rate (20-120 

mV/s) on the performance of electrodes are also studied. Interferences of various ions during 

the determination of Cu(II) ions are also evaluated. Developed electrodes, which are prepared 

under optimum conditions, have linear responses in a defined concentration range. Moreover, 

developed electrodes are applied for the real industrial wastewater samples in order to prove 

the efficient Cu(II) determination under harsh conditions of industrial effluents. 
 

Keywords: Cu(II) Ion, Cyanex 921, Graphite Electrode, Polypyrrole Electrode, Voltammetry. 
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Chitosan is known as an abundant and cheap bio-material. Chitosan has a strong 

antimicrobial property against fungi, yeasts and bacteria. Also, chitosan has negligible toxicity 

against mammalian cells. Therefore, it is widely applied in the food industry. Moreover, 

chitosan is also used in the areas of photography, cosmetics, biotechnology and water 

purification [1, 2]. Silver is one of the most toxic elements against pathogen microorganisms. 

Thus, various silver based compounds are developed and applied due to its strong antimicrobial 

activity. In this study, chitosan/polyvinyl alcohol membranes doped with various amounts of 

silver (CS/PVA/Ag) are developed, characterized and tested for the antimicrobial activity.  

In this study, CS/PVA/Ag membranes are synthesized by solution casting method. The 

morphology of the prepared membranes is investigated by Fourier transform infrared 

spectroscopy (FTIR) and scanning electron microscopy (SEM). The presence of silver ions in 

the membrane matrix is also detected by energy dispersive analysis of SEM-EDAX and X-ray 

diffraction (XRD) analyses. The antimicrobial activity against the selected twelve bacteria 

types (Escherichia coli ATCC 25922, Salmonella typhimurium ATCC 14028, Micrococcus 

luteus ATCC 9341, Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis ATCC  

12228, Klebsiella pneumonia ATCC 13882, Pseudomonas aeruginosa ATCC 35032, Proteus 

vulgaris ATCC 33420, Serratia marcescens ATCC 13880, Enterobacter aerogenes ATCC 

13048, Bacillus cereus ATCC 11778, Bacillus subtilis ATCC 6633) and two yeasts (Candida 

albicans ATCC 10231, Saccharomyces cerevisiae ATCC 9763) are studied by disc diffusion 

method. The results are demonstrated that CS/PVA/Ag membranes have excellent 

antimicrobial effect. Antimicrobial activity of developed CS/PVA/Ag membranes is increased 

with the higher silver concentrations as expected. The excellent antimicrobial properties are 

suggested that the obtained CS/PVA/Ag membranes could be applied in various areas.   
 

Keywords: Antimicrobial Activity, Chitosan, Membrane, Poly (Vinyl Alcohol), Silver. 
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The accumulation of reactive oxygen species (ROS) in the organism, unless counterbalanced 

by antioxidants intaken through diet, may cause oxidative damage to DNA and cellular 

membranes under ‘oxidative stress’ conditions eventually giving rise to certain human diseases, 

especially cardiovascular disease and some types of cancer.1 Optical sensors are recently 

attracting remarkable attention because of their advantages in biomedical sensing, 

environmental monitoring, and industrial process control applications by in situ/on site 

measurements.2 Rapid and low-cost chemical sensing of antioxidants with the use of sensors 

has recently gained importance. The main purpose of this study is develop a low-cost and 

widely used novel polymer film-based optical sensor using the o-phenanthroline colorimetric 

method originally developed for the determination of antioxidant capacity by Berker et al..3 

The reagent, Fe(III)-o-phenanthroline (Fe(III)-phen) complex, was immobilized onto a cation-

exchanger film, and the absorbance changes associated with the formation of the highly-

coloured Fe(II)–phen chelate as a result of reaction with antioxidants was measured at 510 nm.  

 

 
    Yellow-orange Fe(III)-phen reagent              Red-orange Fe(II)-phen product, max = 510 nm 

Figure 1. The 1,10-phenanthroline method reaction and chromophore: Fe(II)-phen chelate 

cation.  

 

This assay was validated through linearity, additivity, precision and recovery, demonstrating 

that the assay is reliable and robust. The developed optical sensor was used to screen total 

antioxidant capacity (TAC) of some commercial fruit juices without preliminary treatment, and 

showed a promising potential for the preparation of antioxidant inventories of a wide range of 

food plants.  

 
Keywords: 1,10-phenanthroline method, Optical Sensors, Antioxidants, Antioxidant Capacity 
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Pine barks have been used since ancient times as medicine, syrup, edema reliever and 

etc. and due to these reasons they are drunk after boiling or applied for wounds. Old people 

knew this based on their experiences and this infromation was known and verified by the 

development of science in our era. Finally, scientist have named this mixture extracted from 

pine barks as pycnogenol. Pycnogenol is a mixture composed of many constituents like 

proanthocyanidins, flavonoids and etc. It has been known to have antioxidant properties of 50 

times more potent than Vitamin C and 30 times more potent than Vitamin E when compared. 

Pycnogenol is obtained from Pinus nigra in France near the seaside and is commercially 

available.  

 

In this study, pycnogenol components of different types of pine barks collcted from 

Manisa, Bilecik and Adana regions were analyzed qualitatively and quantitatively after the 

optimization of gradient HPLC method. At first, the extraction procedure was performed 

according to the studies in literature. However, oxidation of pycnogenol components were 

observed during the removal of ethyl acetae phase. For this reason, removal of ethyl acetate 

step was realized under vacuum using argon gas. The collected pine bark samples were 

thoroughly grounded, 20 g of pine bark was weighed and then it was extracted in 150 mL of 

hot water. The sample was filtrated to remove the barks after cooling to room temperature. 

After, salt was added until saturation and it was re-filtrated. Then, the filtrate was extracted with 

ethyl acetate and this phase was collected. Sodium sulfate was added to this ethyl acetate phase 

in order to remove the remaining water. Later, sodium sulphate was also filtered and the ethyl 

acetate was removed by argon with vacuum. The solid residue which was off-white was 

dissolved in 25 mL of 25% methanol-water (v/v) mxture. Afterwards, the solution was injected 

to the instrument. 

 

The samples were analyzed only after the optimization of mobile phase composition. 

As the mobile phase composition, water, methanol and acetonitrile were used each containing 

0.1% ortho-phosphoric acid. The flow rate was adjusetd to 1mL/min. and gradient elution was 

used. The qualitative and quantitative analyses of pine barks (karaçam, kızılçam, sarıçam, 

fıstıkçamı, halepçamı) that contain catechin, epicatechin, epicatechingallate, ferulic acid and 

taxifolin have been performed. According to the types of pine barks analyzed, the pycnogenol 

components were found to be as: 0.209 mg/g taxifolin, 0.086 mg/g catechin, 0.076 mg/g 

epicatechin, 0.022 mg/g ferulic acid in karaçam; 23.16 mg/g taxifolin, 1.454 mg/g catechin, 

0.027 mg/g epicatechin in kızılçam; 1.923 mg/g catechin, 1.801 mg/g taxifolin in fıstıkçamı; 

0.066 mg/g epicatechin, 0.065 mg/g catechin, 0.025 mg/g epicatechingallate, 0.015 mg/g 

taxifolin, 0.010 ferulic acid in sarıçam; 0.219 mg/g taxifolin, 0.093 mg/g catechin, 0.046 mg/g 

epicatechin in halepçam. 
Keywords: HPLC, Pycnogenol, Proanthocyanidin, Pine bark, Catechins. 
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Abstract 

 

The hydrophobic property of β-carotene (BC) limited their effective usage as 

antioxidant character in many applications. We have investigated the ability of BC in the form 

of inclusion complex with methyl-β-cyclodextrin (M-β-CD), that increases water solubility and 

chemical stability for the evaluation of the antioxidant capacity and radical scavenging activity 

of BC in aqueous medium. Formation of inclusion complex was monitored by FTIR technique. 

The antioxidant capacity/activity of β-carotene-M-β-CD (BC-M-β-CD) inclusion complex 

were tested by cupric ion reducing antioxidant capacity (CUPRAC) assay, ABTS-persulphate 

assay, peroxyl radical scavenging assay (ORAC) and hydroxyl radical scavenging assay in this 

study. 

 
Keywords: β-Carotene, methyl-β-cyclodextrin, inclusion complexes, antioxidant capacity, radical 

scavenging activity. 

 

Introduction 

 

The encapsulation with oligosaccharides such as cyclodextrins (CDs) can be applied as 

a convenient technique to enhance the solubility, bioavailability and stability of hydrophobic 

guest molecules such as β-Carotene (BC). Cyclodextrins have hydrophobic inner cavity and 

hydrophilic external surface that provide CDs solubilizing several non-polar guest molecules.1 

Due to the polarity of hydrophilic exterior walls, CDs are able to generate inclusion complexes 

with hydrophobic guest molecules incorporated into the inner cavity by displacing water in 

aqueous medium.2  

 

The encapsulation of carotenoids with various cyclodextrins has been studied in the 

literature.3-5 Many studies emphasized the characterisation of carotenoid-inclusion complexes 

such as water solubility, bioavailability, and stability. However, very scarce information on 

antioxidant capacity and radical scavenging activity of carotenoid-cyclodextrin complexes were 

performed.6,7 The objective of this study is to determine total antioxidant capacity and radical 

scavenging activity of BC encapsulated within M-β-CD in aqueous medium. Due to its 

hydrophobicity, there is no specific study on the antioxidant characteristics of BC at aqueous 

medium. This is the first time that the total antioxidant capacity and the quenching ability of 

these complexes containing β-carotene molecules against ROS such as hydroxyl and peroxyl 

radical were reported.  
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Materials & Methods 

   Inclusion complexes of BC were prepared by using M-β-CD.8 β-carotene stock solution 

was added to ethanolic solution of CD. The mixture was incubated for 24 h in a shaking water 

bath kept at 37 °C. At the end of this period, the solvent mixture was evaporated to dryness 

under vacuum at 30 °C using rotary evaporator. The dried residue was redissolved in water and 

filtered through a 0.45 μm membrane filter before analysis to remove free BC. Carrots and 

apricots samples were extracted and at the end, solvent mixture was removed with the aid of 

rotary evaporator and the dried residue was redissolved in DCM.9 The inclusion complexes of 

real sample extracts were prepared according to the procedure mentioned above. 

 

Antioxidant capacity of the BC-M-β-CD was determined using the CUPRAC method 

as described by Apak et al.10 and ABTS-Persulphate method as described by Re et al.11 Trolox 

equivalent antioxidant capacity (TEAC) coefficients were calculated by dividing the molar 

absorptivity of each inclusion complex to the molar absorptivity of trolox under the specified 

conditions (CUPRAC=1,67x104 L mol−1 cm−1; ABTS= 2.59x104 L mol−1 cm−1). Hydroxyl radical 

scavenging activity of BC-MBCD was determined by using terephthalate (TP) probe which 

produces a fluorescent product, hydroxyterephthalate (hTP), upon hydroxylation.12 Hydroxyl 

radical was generated by Fenton reaction system. At the end of this period the fluorescence 

intensity (λex=315 nm, λem=450 nm) of the reaction mixture was recorded. 

 

The inhibition ratio of scavengers (%) was calculated using the following formula: 

    

Inhibition ratio (%)= (A0 -A)/A0                                                                         (Eq. 2) 

 

where A0 and A are the absorbances of the system in the absence and presence of a CD inclusion 

complex, respectively. IC50 value (the half maximal inhibitory concentration) were determined 

by means of a linear plot of inhibition percentage as a function of scavenger concentration.  

 

 Peroxyl radical scavenging activity of the BC-M-β-CD was determined using the 

ORAC method as described by Ou et al.13 The fluorescence intensity (λex=493 nm, λem=515 

nm) of the reaction mixture was recorded. ROO• scavenging activity was calculated using the 

following equation:  

 

            Inhibition % = (I2-I1)/(I0-I1)                                                                      (Eq. 3) 

 

I0 is the initial fluorescence intensity of the fluorescein probe, and I1 and I2 are the 

fluorescence intensities of fluorescein probe subjected to peroxyl radical action in the absence 

and presence of a scavenger compound respectively.  

 

Results & Discussion  

 

 The concentration of BC encapsulated in M-βCDs were calculated 0.283 mg mL-1 using 

the calibration equation of free BC (A450=25.44сBC+000.7; r= 0.9996) constructed as 

absorbance (A) versus concentration where cBC was in mg mL-1 according the study of Kaur et 

al.7 The FT-IR spectra of BC-M-β-CD complex was compared to the pure M-β-CD and free BC 

by utilizing the difference of shape and position of absorption bands. Some significant 

differences can be seen in the FT-IR spectrum of the inclusion complexes as compared to the 

corresponding spectra of BC, as displayed in Figure 1.   
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Figure 1.  FT-IR spectra of solid β-carotene (BC) alone, M-β-CD  

alone and inclusion complex of BC with M-β-CD. 
 

Antioxidant capacities of BC in the absence and presence of CDs were measured using 

electron transfer-based TAC assays, CUPRAC assay and ABTS-persulphate assay. Both 

CUPRAC and ABTS assays were successively applicable to hydrophilic and lipophilic 

antioxidants in polar and nonpolar solvent medium for measuring antioxidant capacity because 

they involve univalent-charged chromophore species (i.e., ABTS+ and Cu(Nc)2
+) capable of 

being solvated by both water and alcohols as well as by less polar solvent mixtures. TEAC 

coefficients, peroxyl and hydroxyl radical scavenging activities (IC50 (µg/mL)) of inclusion 

complex of BC with M-β-CD were assayed (Table 1). We found that the complexed BC with 

M-β-CD was less effective antioxidant than free BC compared to the TEAC value of BC in 

acetonated medium given as 1.75.14 Inclusion complexation phenomenon is competitive to 

redox behaviour, and is expected to decrease antioxidant capacity due to the difficult release of 

BC in the complex. The total antioxidant capacities, peroxyl and hydroxyl radical scavenging 

activities of the encapsulated carrot extract (CE) and apricot extract (AE) with M-β-CD were 

evaluated using capacity and activity methods (Table 1).  

Table 1. Total antioxidant capacities, peroxyl and hydroxyl radical scavenging activities of 

inclusion complexes 

Inclusion Complex 
TEAC IC50(µg mL-1) 

CUPRAC ABTS ROO• •OH 

BC-M-β-CD 1.02 0.26 9.89 0.20 

 
TAC (mg TR g-1 sample) Inhibition %* 

CUPRAC ABTS ROO• •OH 

CE-M-β-CD 0.22±0.01 0.21±0.02 71.3±1.4 90.1±0.5 

AE-M-β-CD 0.21±0.01 0.16±0.02 68.3±0.9 75.7±1.2 

  Data presented as  mean ± SD (N = 3) 
  * The inhibition percentage of hydroxyl and peroxyl radicals was calculated for 1:50 and 1:10 diluted extract, respectively. 

 

Standard calibration curves of BC-M-β-CD inclusion complexes in the absence and 

presence of apricot extract were given in Figure 2. The antioxidant capacities of the tested 

inclusion complexes were additive. The parallellism of the linear calibration curves effectively 
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demonstrated that there was no chemical interactions of intereferent nature among the BC-M-

β-CD complex and the real matrix solution.  

 
Figure 2. Standard calibration curves of BC-M-β-CD inclusion  

complex alone and in the presence of apricot extract (AE)          

Conclusion 

In this study, antioxidant capacity and scavenging activity of water-soluble inclusion 

complex of β-carotene in M-β-CD were evaluated. The complexed form of BC showed 1:1 

stochiometry. The results indicated that the complex of a β-carotene/M-β-CD inclusion is more 

soluble in water than β-carotene alone. β-carotene could be protected from degradation by 

encapsulation to the M-β-CD cavity.  
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Microencapsulation retards degradation of food additives and drug active materials so it 

causes expanded shelf life and controlled releasing of core materials through gastrointestinal 

system. Coating of surface takes place via secondary interaction between core and shell 

material. The encapsulation process is used to inhibit the interaction of core material with air 

and other molecules, and to decrease rate of mass transfer to the environment (1). Using proteins 

as wall material in encapsulation of antioxidants leads to enhancing in antioxidant efficiency of 

core material (2). 

In this study, gallic acid, ascorbic acid and quercetine were used as core phase; casein, 

gelatin, stearic acid and their mixture were used as shell phase. Formed microcapsules are 

powdered using freeze dryer. Encapsulation efficiency for each encapsulated combination was 

calculated. Unreacted core materials were quantitatively determined by using CUPRAC 

method. As a result, when used single type of external phase, maximal encapsulation efficiency 

was calculated over 90% for 1:4 internal phase:external phase ratio. On the other hand, usage 

of binary external phase solution (having 1:1 ratio) led to higher encapsulation efficiency for 

6:1 core/shell ratio. Using of binary shell mixtures enhance the encapsulation efficiency, and 

result in less external phase requirement for more internal phase. 

              

The variation of Encapsulation Efficiency depending the type of external phase and core:shell ratio 
 

Key words: Microencapsulation, Casein, Gelatin, Stearic Acid, Antioxidant 
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P3-05 

Antioxidant Activity Determination Using N,N-dimethyl-p-

phenylenediamine Probe with Fe3O4 Magnetic Nanoparticles 
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During normal cellular oxidative metabolism, ROS and RNS are formed in small 

quantities and can be removed effectively by natural defense mechanisms. However, 

uncontrolled and excessive generation of ROS/RNS have been implicated in the pathogenesis 

of various diseases including cancer, cardiovascular and neurodegenerative diseases as well as 

aging [1,2]. The main features of most antioxidant assays are based on an efficient generation 

system of free radicals, a suitable oxidation reaction induced by free radicals and an appropriate 

measurement of the suppressive signal [3]. In this regard, one of the antioxidant detection 

methods with a nanotechnological approach is to use NPs to generate free radicals that were 

further trapped by various antioxidants and detected using different strategies or techniques [4]. 

In this study, it is targeted to measure the hydroxyl radical (•OH)  scavenging activity of 

antioxidants with the use of a N,N-dimethyl-p-phenylenediamine (DMPD) probe. In 

accordance with this aim, magnetite (Fe3O4)-NPs can be used to generate reactive oxygen 

species (ROS,  mainly •OH) from a hydrogen peroxide (H2O2) source, which in turn converts 

the DMPD probe to colored products composed of DMPD-Q+ quinonic radical cations. In the 

presence of antioxidant compounds, these colored quinones are produced less, and the 

difference in absorbance enables an indirect determination of hydroxyl radical scavenging 

activity. The proposed assay was optimized with respect to a number of parameters such as the 

mode of preparation and concentration of magnetite NPs, probe and buffer concentrations, pH, 

temperature, etc. When optimized parameters were applied to quercetin solutions at final 

concentration ranging between 2x10-5-1x10-4 M, linear calibration curve was obtained as: 

A553=9.96x103cQR-2.96x10-2 (r=0.9981), where cQR is the molar concn. of quercetin.This study 

can be applicable to polyphenol class antioxidants. 

 

Keywords: Antioxidant Activity Measurement, Reactive Oxygen Species (ROS), Colorimetric 

Sensor, Magnetite Nanoparticles (Fe3O4-NP). 
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P3-06 

Determination of Oxidative Protein Damage Using Modified CUPRAC 

Method  
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An imbalance between oxidative species and antioxidants in favor of oxidants is defined 

as oxidative stress. Oxidative stress conditions can cause harmful effects on certain biologically 

important macromolecules such as proteins, lipids and DNA. Hydroxyl radical (•OH) is one of 

the most dangerous oxidative species since it can rapidly react with a large number of different 

molecules non-specifically. The degree of oxidative damage is related to certain conditions 

including abundance and location of the target molecule and kinetic factors as well. In this point 

of view proteins in the human body are suitable for •OH damage. In the presented study, •OH 

was produced in the reaction medium using the Fenton reaction between Fe(II) and H2O2, and 

bovine serum albumin (BSA) was chosen as standard protein sample. Fenton reaction was 

slightly modified from Bektaşoğlu et al.’s work1. The decomposition products of BSA after   

•OH attack were subjected to CUPRAC reaction. Although BSA reacts with CUPRAC reagent 

(Cu(II)-neocuproine complex) weakly, oxidation products can react easily. Fenton reaction was 

performed in pH=7 phosphate buffered medium and stopped with HCl. To generate •OH and 

decompose BSA; phosphate buffer, BSA solution, Na2EDTA and Fe(II) were mixed in this 

order and diluted with distilled water. To start Fenton reaction H2O2 solution was added to the 

reaction mixture and it was incubated in a water bath at 370C for 10 min.  The Fenton reaction 

was stopped with 1M HCl. Na2CO3 solution was added to neutralize the acidic sample. 

Modified CUPRAC method was applied as stated: Cu(II), Neocuproine (Nc), urea buffer, 

Na2CO3, incubated sample (acidified with HCl) were mixed and the resulting yellow color was 

read at 450 nm. When the procedure was optimized, it was applied to different protein samples 

such as casein, egg white and meat. Water soluble proteins were directly dissolved with water, 

while meat protein was extracted using protein extraction buffer. Extracted protein was 

precipitated with TCA and redissolved with a protein dissolution buffer, as stated earlier in 

Sözgen et al.’s study2. 

Keywords: Oxidative Damage, Fenton Reaction, Reactive Oxygen Species, Protein 
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P3-07 

An Approach to Improve the Relation Between Silver Nanoparticle 

Formation Rate and Antioxidant Capacity of Aqueous Plant Leaf Extracts 

A. AkbalA, M. Haluk TurkdemirA, Ahmet CicekB, Bulent UlugC,* 

 
ADepartment of Chemistry, Faculty of Arts and Science, Uludag University, 16059 Bursa, Turkey. 
BDepartment of Nanoscience and Nanotechnology, Faculty of Arts & Science, Mehmet Akif Ersoy 

University, 15030 Burdur, Turkey. 
CDepartment of Physics, Faculty of Science, Akdeniz University, 07058 Antalya, Turkey. 

E-mail: bulug@akdeniz.edu.tr 

Correlation between the antioxidant capacity and silver nanoparticle formation rates of 

pomegranate (Punica granatum), quince (Cydonia oblonga), chestnut (Castanea sativa), fig 

(Ficus carica), walnut (Juglans cinerea), black mulberry (Morus nigra) and white mulberry 

(Morus alba)  leave extracts is investigated at constant illumination. Silver nanoparticles formed 

in all plant leaf extracts possess round shapes with average particle size of 15-to-25 nm, whereas 

corresponding surface plasmon resonance peak wavelengths vary between 422 nm and 451 nm. 

Cupric reducing antioxidant capacity technique is used as a reference method to determine total 

antioxidant capacity of the plant leaf extracts. Integrated absorbance over the plasmon 

resonance peaks exhibit better linear relation with antioxidant capacities of various plant leaf 

extracts compared to peak absorbance values, with correlation coefficient values of 0.9333 and 

0.7221, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                     
Keywords: Antioxidant Capacity, Silver Nanoparticle, Plant Leaf Extract, Integrated Absorbance, 

Trolox Equivalence. 

 

 

 

Figure. SPR peak absorbance (a) and integrated 

absorbance between 300 and 800 nm (b) for the 

mixtures of plant leave extracts and AgNO3 against 

the trolox equivalence of corresponding extracts. 

Dashed lines indicate the best fits to data.  
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Apricot (Prunus armeniaca L.)  Leaves During the Growth Season 
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Plants, which are potential source of antioxidants, prevent the oxidative stres caused by 

oxygen and photons at the same time. Interest of antioxidant compound has been increased for 

last years. Therefore, it is believed that an increased intake of food, which is rich in natural 

antioxidant, is associated with a lower risk of degenerative diseases(1-2).  

In this study,  the changes in phenolic compounds in leaves of 5 different apricot 

cultivars taken from April (23.04.15), July (18.07.15) and November (14.11.15)  during one 

year was examined. Phenolic compounds were determined in the leaves of apricot fruits of 

"Hacihaliloglu" “Hasanbey” “Kabaası” “Ismailaga” and "Cekirge" cultivars in natural habitats 

of Apricot during their growth season by using the HPLC method. which were harvested from 

the Directorship of Malatya Apricot Research institute during 2015/04 and 2015/11 harvest year 

were investigated.  

For the analysis of phenolics the most suitable extraction method was determined to 

extract these components from apricot leaves. In this sense, prior to the extraction of 

polyphenols from different apricot leaves sample, operational parameters of the ASE technique 

were established. Extraction procedure was performed under the conditions of 1,500 psi 

pressure, 60oC temperature, ethanol–water (80:20, v/v) extraction solution and 60 min static 

extraction time. All criteria examined in this study were changed depending on the cultivars 

and sampling months. It was determined that phenolics including chlorogenic acid, rutin, 

catechin and naringin are available in apricot leaves. The most abundant phenolic acid was 

chlorogenic acid while rutin, catechin and naringin found the highest levels as flavonoids in 

leaves. 

  At the end of the growth season, chlorogenic acid and naringin contents in ethanol–

water extracts of apricot leaves samples exponentially decreased. However, rutin and catechin 

increased. During the growth season catechin and naringin was not detected in some leave 

samples.  Dried apricot leaves  showed higher total chlorogenic acid  (167.75-91.94 mg/100g 

dw leaves ) Rutin (24.78 -146.48 mg/100g dw leaves) and catechin (12.62- 6.79 mg/100g dw 

leaves) and naringin (48.68-13.71 mg/100g dw leaves). 

 

Keywords: Apricot Leave, Polyphenol, HPLC. 
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Assessment of Some Water Soluble Vitamin Composition 

in Wild Edible Plant: Hawthorn 
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Hawthorn is a plant that grows in many regions in Turkey, used in a variety of heart and 

circulatory diseases. Main ingredients such as fructose, flavonoids, proanthocyanidins, 

triterpenes, organic acids, vitamins and minerals found in hawthorn berries are changed 

according to hawthorn type, geographic location and harvest time. When used hawthorn extract, 

the pressure heart rate shows a decrease. Results show that there is a significant benefit from 

hawthorn extract as an adjunctive treatment for several diseases especially chronic heart failure 

[1-3]. However, active compounds which are responsible for this beneficial effect is still 

unknown. 

In this study present, red and yellow colored hawthorn fruits which grow naturally and 

consumed much, were collected and analyzed in terms of fat-soluble and water-soluble vitamin 

composition. Red and yellow hawthorn samples were collected in season at the town Beydagi 

in Malatya-Turkey and analyzed. Vitamin analyses were performed by HPLC-DAD applying 

gradient elution. According to the obtained data, both colors hawthorn were rich in terms of 

water-soluble vitamins and especially they identified as an important potential of vitamin C. 

But in both colors hawthorn, fat-soluble vitamins were below the detection limits. 

 

Keywords: Hawthorn, vitamins, HPLC-DAD 
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Element Composition and Antioxidant Activitiy of Teucrium polium L. 

Consumed as Condiment  
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Reactive oxygen species (ROS) could be vital provocative agents of numerous health 

problems especially in human. In order to protect against harmful free radicals, antioxidant 

components have a major role in human diet. Recently, it is believed that the regular 

consumption of food that have antioxidants may reduce the risk of serious health problems such 

as cancer, Alzheimer’s disease, cardiovascular disease, age-related functional decline, and 

diabetes besides other health benefits [1-3]. Besides fruits and vegetables, some dried 

condiment especially Teucrium polium L. contain many compounds with antioxidant activities, 

such as vitamins, [4-6], in which recent studies have shown to be good contributors to the total 

antioxidant capacity of the foods that contain them [7]. Phenolic compounds are important 

constituents of the human diet and widely distributed in plant foods.  

The aim of this work was to investigate elemental composition and antioxidant activity 

of Teucrium polium L. plant. It was determined 2,2-diphenyl-1-picryhydrazyl (DPPH) radical 

scavenging activity, ABTS and total phenolic content. DPPH, ABTS and total phenolic content 

in methanol extracts were found 15.77±0.89 mg TEAC g-1, 25.27±0.62 mg TEAC g-1 and 

8.27±0.10 mg GAE g-1, respectively.  On the other hand, results show that these condiments 

have rich in terms of macro and micro elements source especially sodium (Na), potassium (K) 

calcium (Ca) and magnesium. Elemental composition of Teucrium polium L. was determined 

by using flame atomic absorption spectrophotometer (FAAS).  

 

Keywords: Teucrium polium L., antioxidant activitiy, element composition, FAAS 
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Hawthorn is a plant that grows in many regions in Turkey especially East Anatolia. 

Hawthorn fruit has been shown several health benefits such as hypotensive, cardiovascular 

protective and hypocholesterolemic. On the other hand, it has long been used as a folk medicine 

because of long-term medicinal benefits and little side effect. Recently, there are several studies 

associated with effect of pharmacological and toxicological impact about hawthorn fruits. 

Several studies reported that there is a significant benefit from hawthorn extract as an adjunctive 

treatment several disease especially chronic hearth failures besides its extract was clinically 

effective in reducing total plasma cholesterol and blood pressure [1-3]. However, active 

compounds which are responsible for this beneficial effect is still unknown. 

In this study present, antioxidant activity of red and yellow colored hawthorn fruits was 

determined by ABTS (2,2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)), DPPH (1,1-

diphenyl-2-picrylhydrazyl) radical scavenging activity besides total phenolic content in 

different solution. Total phenolic content of hawthorn fruits was determined according to the 

Folin–Ciocalteu method [4,5]. The absorbance was recorded at 517 nm by UV-VIS 

spectrophotometer. Gallic acid was used for calibration curve. The results were expressed as 

mg gallic acid equivalents (GAE) per 100 g of sample in dry weight (mg GAE 100 g DW-1). 

All samples were analyzed in triplicate. The dry hawthorn fruit was extracted successively with 

methanol, acetonitrile and water. The methanol fraction was the highest than the other fraction. 

ABTS, DPPH radical scavenging activity and total phenolic content were found 6.29±0.38 mg 

TEAC g-1, 2.49±0.13 mg TEAC g-1, 1.20±0.07 mg GAE g-1, respectively for yellow hawthorn  

and higher than red hawthorn.  

 
Keywords: Hawthorn, DPPH, ABTS, Antioxidant Activity 
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Plant materials such as herbs, fruits and vegetables extracts rich in terms of phenolics 

are increasingly interest in the food industry as they retard lipids oxidative degradation and in 

this way improve the nutritional value and food quality. These compounds are found in plants 

in the form of glycosides. Recently, because of medicinal values in diets, wild species have a 

great importance. Wild plant species provide vitamins, essential fatty acids, minerals and fibre 

especially phenolic compounds. Phenolic compounds that belong to natural antioxidants, are 

reported as they inhibit oxygen-derived free radicals [1,2]. According to several studies, 

phenolic compounds have been shown to neutralize free radicals [3,4]. Polyphenols, including 

vitamins, pigments and flavonoids, possess antimutagenic properties as well as blood glucose 

decreasing activity. The antioxidant effect of polyphenols has been demonstrated in many 

systems from in vitro studies (human low density lipoprotein, liposomes) [5,6] to investigations 

in normal human subjects, although their effects remain controversial.  

In this study, thirteen different phenolic compounds such as gallic acid, (+)-catechin, (-

)-epicatechin, chlorogenic acid, caffeic acid, p-coumaric acid, naringin, hesperidine, 

phlarizidinedihydrate, rutin, ellagic acid, myricetin and quercetin in Teucrium polium L. were 

investigated using high performance liquid chromatography-diode array detector (HPLC-

DAD). Flow rate, injection volume and column temperature were applied 1.0 mL min-1, 10 µL 

and 30 оC, respectively.  
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Oxidation is essential to living organisms in order to product of energy during biological 

processes. At the same time, free radicals that oxygen-centered and other reactive oxygen 

species (ROS), which are continuously, produced in vivo, result in tissue damage and cell death. 

Oxygen radicals have been caused many diseases, including diabetes, cardiovascular diseases, 

and cancer, etc. Antioxidants are critical substances which possess the ability to protect the 

body from damage caused by free radical induced oxidative stress. Recently, there is an 

increasing interest in natural antioxidants especially polyphenols due to prevent oxidative 

damage [1]. Polyphenols have ideal chemical structural because of free radical scavenging 

activity, and they have been shown to be more effective antioxidants in vitro [2,3]. 

In human diet, vegetables and other foods are a good source in terms of valuable 

nutrients and minerals. Allium tuncelianum possesses a big popularity among these products, 

because of its acceptability for consumers as well as its nutritional properties and several useful 

influences on human health especially in respect to elemental composition. Because especially 

infants grow rapidly during early months and need more nutrients including trace elements. 

The objective of this study was to evaluate some elements and antioxidant activity of Allium 

tuncelianum. Some vital element contents such as zinc (Zn), iron (Fe), manganese (Mn) and 

copper (Cu) in Allium tuncelianum were compared using ICP-OES and FAAS. In addition, 

antioxidant activity of Allium tuncelianum was investigated. Samples were extracted with 

acidified solvents such as water, acetonitrile, methanol and ethanol.  Antioxidant activity tests 

such as ABTS, reduction power and total phenolic content were applied to these extracts. ABTS 

and reduction power tests of acidified methanol extract was found higher than other extracts. 

Total phenolic contents were found the highest in acidified water extracts.  
 

Keywords: Allium tuncelianum, antioxidant activity, elements, ICP-OES, FAAS 
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Elements are present in different forms in the nature, and these elements are very 

essential for body to perform different functions. Trace elements are very important for cell 

functions at biological, chemical and molecular levels. These elements mediate vital 

biochemical reactions by acting as cofactors for many enzymes, as well as act as centers for 

stabilizing structures of enzymes and proteins. Some of the trace elements control important 

biological processes by binding to molecules on the receptor site of cell membrane or by 

alternating the structure of membrane to prevent entry of specific molecules into the cell. The 

functions of trace elements have a dual role. In normal levels, they are important for 

stabilization of the cellular structures, but in deficiency states may stimulate alternate pathways 

and cause diseases. These trace elements have clinical significance and these can be estimated 

using different analytical methods. Our body needed nutrients supply by daily food 

including   leucine, isoleucine, methionine, lysine, phenylalanine, threonine, valine and amino 

acids.  Legumes are rich nutrients in terms of protein and amino acids. Legumes contain 2-3 

times more protein than wheat, are considered as major source of the high-carbohydrate [1]. 

In this study, Zn, Fe, Mn and Cu contents in legumes such as chickpeas and haricot bean 

grown in Tunceli were determined using flame atomic absorption spectrophotometry (FAAS). 

Samples were digested using dry ash and microwave digest system. Each result is the mean 

value of the three separate portion of the same sample. Zn, Fe, Mn and Cu average 

concentrations of legumes samples using dry ash were found 35.25±0.87 mg kg-1, 43.62±2.56 

mg kg-1, 26.74±0.80 mg kg-1 and 7.59±0.32 mg kg-1 for chickpeas and 29.60±1.52 mg kg-1, 

55.24±3.32 mg kg-1, 14.13±0.38 mg kg-1 and 6.71±0.21 mg kg-1 for haricot bean, respectively. 

Zn, Fe, Mn and Cu average concentrations of legumes samples using microwave digest system 

were found 37.53±1.78 mg kg-1, 36.39±2.92 mg kg-1, 27.01±0.32 mg kg-1 and 9.20±0.23 mg 

kg-1 for chickpeas and 34.26±0.47 mg kg-1, 53.43±3.83 mg kg-1, 13.99±0.16 and 9.24±0.27 mg 

kg-1 for haricot bean, respectively. 
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Many kinds of diseases have been treated with herbal remedies since ancient times. 

Herbal remedies are still being used extensively in many countries. Therefore, research on 

biologically active extracts and compounds from natural sources have been of great interest to 

scientists in an attempt to discover new sources for drugs that may be useful in combating 

infectious diseases. Phenolic compounds are widely reported to be beneficial to health, having 

been shown to possess anti-carcinogenic, anti-tumor and anti-oxidative properties [1]. In 

developed countries, one out of every four people will eventually suffer cancer, claiming over 

6 million lives each year worldwide.  

Many authors reported that it was necessary to establish a rational relationship between 

chemical, biological and therapeutic activities in traditional medicine [2,3]. In recent years, 

there has been a resurgence of interest in evaluating plants possessing antibacterial activities 

for various diseases. 

The objective of this work was to investigate the assessment phenolic content of 

strawberry and as consequence to exploit its potential as a natural preservative food source. For 

this aim, thirteen different phenolic compounds such as gallic acid, (+)-catechin, (-)-

epicatechin, chlorogenic acid, caffeic acid, p-coumaric acid, naringin, hesperidine, 

phlarizidinedihydrate, rutin, ellagic acid, myricetin and quercetin in strawberry were 

investigated using high performance liquid chromatography-diode array detector (HPLC-

DAD). Flow rate, injection volume and column temperature were applied 1.0 mL min-1, 10 µL 

and 30 оC, respectively. It was determined chlorogenic acid, caffeic acid, p-coumaric acid, 

naringin, ellagic acid and quercetin in strawberry. This study clearly showed that this plant 

constitutes an excellent source of phenolic compound and makes it a potential source of dietary 

regime. Because of this potential it can play a protective role against serious diseases.  

 
Keywords: Strawberry, phenolic compounds, HPLC-DAD 
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Phenolic compounds find in many foods and beverages such as fruits, vegetables, 

flowers, wine and tea. They are a group of organic compounds having one or more hydroxyl 

groups on the aromatic ring and/or rings. These compounds known as polyphenols have a wide 

range from simple phenols to complex compounds. One of the most important members of 

phenolic compounds are highly diverse in terms of both their chemical structure and proposed 

biological functions [1-3].   

The purpose of the study is to investigate phenolic compounds in cranberry that exhibit 

antioxidant, anticancer, anti-atherosclerotic, anti-inflammatory and anti-neurodegenerative 

properties. For this aim, thirteen different phenolic compounds which consisted of (+)-catechin, 

gallic acid, chlorogenic acid (-)-, epicatechin, caffeic acid, p-coumaric acid, naringin, 

hesperidine, phlarizidinedihydrate, rutin, ellagic acid, myricetin and quercetin in cranberry 

were investigated using high performance liquid chromatography-diode array detector (HPLC-

DAD). Chlorogenic acid, caffeic acid, p-coumaric acid, naringin and ellagic acid were 

determined in cranberry. 
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The Salvia genus belongs to the subfamily Nepetoideae in Lamiaceae family. The genus 

consists of about 900 species (1). Many Salvia species are used as herbal tea and for food 

flavoring, as well as in cosmetics, perfumery and the pharmaceutical industries throughout 

World (2). Salvia species are generally known for their multiple pharmacological effects 

including their antibacterial, antiviral, antioxidative, antimalarial, anti-inflammatory, 

antidiabetic, cardiovascular, antitumor and anticancer (3). Also, some studies showed that a part 

of these activities depended on essential oil composition (4,5). The essential oil of this Salvia 

was tested for antioxidant (β-Carotene-linoleic acid test system, DPPH free radical scavenging 

activity, ABTS cation radical decolorisation and cupric reducing antioxidant capacity) activities 

in our study. Essential oil samples were obtained by a Clevenger apparatus from the whole parts 

of plants which were crumbled into small pieces and soaked in distilled water for 3 h. Then, 

these samples were dried over anhydrous Na2SO4 and stored at +4°C for a sufficient period of 

time. 

The antioxidant activities of essential oils of four Salvia species were determined 

medium and low values, generally. The essential oil of S. palaestina's was show as a good 

activity with β-Carotene-linoleic acid testing system method, especially. The essential oils of 

S. macrochlamys, S. sclarea and S. hypargeia were determined as a good activity with ABTS 

cation radical decolorisation method.  Also studied four essential oils were show low activity 

with cupric method, but its were show no activity with DPPH free radical scavenging method. 

 
Keywords: Salvia Sclarea, Salvia Macrochlamys, Salvia Hypargeia, Salvia Palaestina, Essential Oil, 

Antioksidant 
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The Salvia genus belongs to the subfamily Nepetoideae in Lamiaceae family. The genus 

consists of about 900 species (1). Many Salvia species are used as herbal tea and for food 

flavoring, as well as in cosmetics, perfumery and the pharmaceutical industries throughout 

World (2). Salvia species are generally known for their multiple pharmacological effects 

including their antibacterial, antiviral, antioxidative, antimalarial, anti-inflammatory, 

antidiabetic, cardiovascular, antitumor and anticancer (3). Also, some studies showed that a part 

of these activities depended on essential oil composition (4,5). The essential oil of this Salvia 

was tested for anticholinesterase (Acetyl- and butrylkolinesterase enzymes) activities and total 

phenolic in our study. Essential oil samples were obtained by a Clevenger apparatus from the 

whole parts of plants which were crumbled into small pieces and soaked in distilled water for 

3 h. Then, these samples were dried over anhydrous Na2SO4 and stored at +4°C for a sufficient 

period of time  

 

The essential oils of studied four Salvia species were determined the similar results as 

total phenolic content. Their butrylkolinesterase enzyme activity were determined as high.    
 

  
Keywords: Salvia Multicaulis, Salvia Pinnata, Salvia Spinosa, Salvia Montbretii, Essential Oil, 

Antioxidant 
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 Salvia is a large and widespread genus with a diversity of ethnobotanical uses. Many 

plants from Salvia genus have been used for centuries (1). Many of Salvia species are named 

“Adaçayı” in Anatolia, Turkey, and used as herbal tea due to their antiseptic, stimulant, diuretic 

and wound healing properties (2). Salvia species are generally known for their several 

pharmacological effects including antibacterial, antituberculous, antiviral, cytotoxic and 

cardiovascular activities (3). In this study, we aimed determination of total phenolic-flavonoid 

contents, antioxidant and antialzheimer activities of different parts (stems, leaves, flowers, roots 

and mixed parts) of Salvia pseudeuphratica. Chloroform extract of mixed parts of S. 

pseudeuphratica is rich in phenolic (pyrocatechol equivalent) and flavonoid (quercetin 

equivalent) contents with 92.94±1.99 μg PEs/mg extract and 30.84±0.90 μg QEs/mg extract, 

respectively. Ethanol extracts of S. pseudoeuphratica root have been found better antioxidant 

activities in studied antioxidant tests, namely β-caroten-linoleic acid test system, DPPH free 

and ABTS cation radical scavenging activities with IC50:22.15±0.72 μg/mL, 31.95±0.59 μg/mL 

and 34.15±0.59 μg/mL values, respectively. Ethanol extracts of S. pseudoeuphratica root have 

better activity in CUPRAC-cupric reducing antioxidant capacity assay. Ethanol extract of S. 

pseudeuphratica leaves has good antibutyrylcholinesterase activitiy with 74.69±1.19 % 

inhibition at 200 μg/mL. 

Keywords: Salvia Pseudeuphratica, Total Phenolic-Flavonoid Content, Antioxidant, 

Anticholinesterase 
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The genus Salvia (Lamiaceae) is represented by 95 species inTurkish flora. Endemism 

ratio of this genus is approximately 50% in Turkey (1). The genus Salvia is an important source 

of terpenoids, flavonoids and other phenolics with antioxidant, anti-tuberculous, anti-

inflammatory, neuroprotective and anticholinesterase properties. (2). In this study, secondary 

metabolite profile (37 phytochemicals including 15 Phenolic acids, 17 flavonoids, 3 

nonphenolic organic acids, 1 phenolic aldehyde and 1 penzopyrane) of ethanol extracts of 

different parts (stems, leaves, flowers, roots and mixed parts) of Salvia pseudeuphratica was 

determined with LC-MS/MS. LC-MS/MS method validation was developed for the qualitative 

and quantitative analysis of 37 phytochemicals. Rosmarinic acid  was the main compound of 

leaves, flowers, roots and mixed (EtOH) parts (11256.23±8.03, 14088.73±10.05, 

3604.27±2.57, 5510.05±3.93 μg g-1 extract, respectively); fumaric acid for mixed (chloroform) 

part (248.86±0.03 μg g-1 extract); and vanillic acid for stem part (1058.98±0.54 μg g-1 extract) 

of the Salvia pseudeuphratica. 
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 Different Salvia species are reported to show many biological activities and medicinal 

properties, such as antimicrobial, antioxidant, antibacterial, anti-inflammatory, antitumoral, 

anxiolytic, antidiabetic, anti-inflammatory, antifungal, antiplasmodial, hypoglycaemic and 

anticarcinogenic effects (1, 2). Salvia species are used as herbal tea due to their antiseptic, 

stimulant, diuretic and wound healing properties in Turkey (3). The aim of our study is 

determination of total phenolic-flavonoid contents, antioxidant and antialzheimer activities of 

different parts (stems, leaves, flowers, roots and mixed parts) of Salvia cerino-pruinosa var. 

elazigensis. Ethanol extract of leave parts of Salvia cerino-pruinosa var. elazigensis is rich in 

phenolic (pyrocatechol equivalent) and flavonoid (quercetin equivalent) contents with 

229.94±2.00 μg PEs/mg extract and 65.95±0.90 μg QEs/mg extract, respectively. Ethanol 

extract of Salvia cerino-pruinosa var. elazigensis root has been found better antioxidant activity 

than the other extracts in β-caroten-linoleic acid test system (IC50: 28.95±0.11 μg/mL). Ethanol 

extract of Salvia cerino-pruinosa var. elazigensis leaves has the highest antioxidant activity 

among all extracts and standards in DPPH free and ABTS cation radical scavenging assays with 

IC50: 5.72±0.71 μg/mL and 2.43±0.21 μg/mL values, respectively. Besides that, ethanol extract 

of the plant flowers has strong antioxidant activities in same methods. Ethanol extracts of root, 

leave and flower parts of Salvia cerino-pruinosa var. elazigensis have better activity than the 

other extracts and standards which are BHA and α-tocopherol in CUPRAC-cupric reducing 

antioxidant capacity assay. Ethanol extract of Salvia cerino-pruinosa var. elazigensis roots has 

moderate antibutyrylcholinesterase activitiy with 57.28±1.36 % inhibition at 200 μg/mL. 
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Salvia is one of the largest genera of Lamiaceae and encompasses about 900 species 

distributed throughout the world (1). The genus Salvia (Lamiaceae) is represented by 95 species 

in Turkish flora. Endemism ratio of this genus is approximately 50% in Turkey (2). The 

phytochemical analyses of Salvia species exhibited the presence of various types of compounds 

including terpenoids and phenolic compounds, which consist of phenolic acids, phenolic 

glycosides and flavonoids (3). In this study, secondary metabolite profile (37 phytochemicals 

including 15 Phenolic acids, 17 flavonoids, 3 nonphenolic organic acids, 1 phenolic aldehyde 

and 1 penzopyrane) of ethanol extracts of different parts (stems, leaves, flowers, roots and 

mixed parts) of Salvia cerino-pruinosa var. elazigensis was determined with LC-MS/MS. 

Rosmarinic acid was the main compound of leaves, flowers, roots, stems and mixed (EtOH) 

parts (34638.42±24.70, 14898.05±10.62, 7107.27±5.07, 1701.59±1.21, 15666.13±11.17 μg g-1 

extract, respectively) and fumaric acid for mixed (chloroform) part (269.82±0.03 μg g-1 extract) 

of the Salvia cerino-pruinosa var. elazigensis. 
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The aim of this study was to determine the fatty acid composition of petroleum ether 

extracts of Salvia cerino-pruinosa var. cerino-pruinosa, Salvia siirtica, Salvia rosifolia and 

Salvia kurdica. (S. siirtica, S. kurdica, S. cerino-pruinosa var. cerino-pruinosa and S. rosifolia 

species were collected from the east of Turkey (Hakkari, Şırnak, Elazığ and Kars, respectively) 

and identified by Mehmet Fırat) (Yüzüncü Yıl University, Faculty of Education, Department of 

Biology, TR-65080 Van,). Voucher specimens were deposited in the Herbarium of Van 

Yuzuncu Yil University, Faculty of Science (S. siirtica VANF 30755, S. kurdica VANF32564, 

S. cerino-pruinosa var. cerino-pruinosa VANF 32538, S. rosifolia VANF32536). Powdered 

form of the whole plant material was weighed (100 g) and macerated three times with petroleum 

ether (250 mL each) at 25 ºC for 24 hours. Esterification of the petroleum ether extract and 

GC/MS procedures were applied as described by Ertas et al (1). Thermo Scientific Polaris Q 

GC-MS/MS instrument was used. The major fatty acid components were identified as oleic 

acid (2788%) for S. cerino-pruinosa var. cerino-pruinosa, erucic acid (29.03%) for S. siirtica, 

erucic acid (44.61%) for S. rosifolia and nervonic acid (19.46%) for S. kurdica. 
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Since ancient times, Salvia species have been used in folk medicine for the treatment of 

diabetes and skin diseases such as psoriasis and eczema. These species have been the subject 

of extensive pharmacognosic researches that were intended to identify biologically active 

compounds (1, 2). Particular attention has been shown to the members of the genus Salvia due 

to their wide range of important biological activities such as antifungal activity, antitumor 

activity, antibacterial activity, antiviral activity, cytotoxic activity, antioxidant activity, 

treatment of heart disease, and antimycobacterial activity (3). In this study, secondary metabolic 

profile of ethanol extracts of Salvia cerino-pruinosa var. cerino-pruinosa and Salvia rosifolia 

were investigated  using LC-MS/MS. A comprehensive LC-MS/MS method validation was 

developed for the qualitative and quantitative analysis of 37 phytochemicals including 15 

Phenolic acids, 17 flavonoids, 3 nonphenolic organic acids, 1 phenolic aldehyde and 1 

penzopyrane. The phenolic profile of the ethanolic extracts of different parts (stems, leaves, 

flowers, roots and mixed parts) of two Salvia species were determined quantitatively by LC-

MS/MS. It was observed that both species (notably their root extracts) possess high amounts of 

rosmarinic acid. Besides, leaf and stem extracts of both species were rich in terms of fumaric 

acid and hesperidin. 
 

Keywords: Salvia Cerino-Pruinosa var. Cerino-Pruinosa and Salvia Rosifolia, Phenolic Content, LC-

MS/MS 
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Salvia species, commonly known as sage, have been used since ancient times for more 

than sixty different ailments of aches, epilepsy, colds, bronchitis, tuberculosis, hemorrhage, and 

menstrual disorders (1). The aim of this study was to determine the total phenolic (2) and 

flavonoid (3) content and anticholinesterase activities of different parts and extract (4) of Salvia 

cerino-pruinosa var. cerino-pruinosa and Salvia rosifolia. The anticholinesterase potential of 

the extracts was indicated by Ellman method. The amounts of total phenolic and flavonoid 

components in crude extracts were determined by expressing as pyrocatechol and quercetin 

equivalents, respectively. Ethanol extract of Salvia cerino-pruinosa var. cerino-pruinosa 

was determined to be rich in total phenolic content and chloroform extract was rich in total 

flavonoid content. It was determined that ethanol extract of especially leaves of these species 

is richer both in total phenolic and total flavonoid content. As for Salvia rosifolia, petroleum 

ether extract was determined to be richer than the ethanol and the chloroform extracts in terms 

of both in phenolic and flavonoid content. Therefore, it can be said that phenolic and flavonoid 

compounds of these species are mostly non-polar structure. All type extract of both species 

were determined to have no acetylcholinesterase activity. While all type extract of S. rosifolia 

have no butyrleserase enzyme activity, all type extract of S. cerino-pruinosa var. cerino-

pruinosa have shown good activity in this method.  
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Flavonoid, Anticholinesterase. 
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The genus Thymus L. is a member of Lamiaceae family and represented by 318 species 

in the world, 40 species in Turkey and 18 of them are endemic for Turkey (45%) (1). In Turkish 

folk medicine it is used for its antihelmintic, palliative, stomachic, lowering blood circulation 

effects, and for protection of  mouth and teeth health (2). In this study, determination of total 

phenolic-flavonoid contents, antioxidant and antialzheimer activities of two endemic Thymus 

species were aimed. Ethanol extracts of whole plant of Thymus cariensis rich in phenolic 

(pyrocatechol equivalent) content; and ethanol extract of aerial part of Thymus convolutus rich 

in flavonoid (quercetin equivalent) contents with 58.07±0.60 μg PEs/mg extract and 25.51±0.85 

μg QEs/mg extract, respectively. All extracts did not show antioxidant activity in β-caroten-

linoleic acid test system. Ethanol extract of Thymus cariensis showed better antioxidant activity 

than the other extracts in DPPH free radical scavenging activity with IC50:34.97±1.00 μg/mL 

value. Ethanol extract of Thymus convolutus root showed very strong ABTS cation radical 

scavenging activity (IC50:9.43±0.33 μg/mL). None of extracts showed antiacetylcholinesterase 

activity; only the ethanol extract of Thymus cariensis showed antibutyrylcholinesterase activity 

with 32.26±0.27 % inhibition at 200 μg/mL. 

   

Keywords: Thymus Cariensis, Thymus Convolutus, Antioxidant, Antialzheimer 
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The genus Thymus L. is a member of Lamiaceae family and represented by 318 species 

in the world, 40 species in Turkey and 18 of them are endemic for Turkey (45%) (1). In Turkish 

folk medicine it is used for its antihelmintic, palliative, stomachic, lowering blood circulation 

effects, and for protection of mouth and teeth health (2). Among the aromatic plants which 

belong to the family Lamiaceae, essential oils and extracts of the genus Thymus are remarkable 

for its high antimicrobial and antioxidant effects compared to other plants (1). Essential oils are 

natural, volatile, complex compounds known for their antibacterial, antifungal, antiviral, 

antioxidant and medicinal properties  (3). In this study, we aimed essential oil analysis of two 

endemic Thymus species namely Thymus cariensis and T. convolutus. Essential oils of the two 

plants were obtained by using a Clevenger apparatus from the aerial parts. The major 

components of the essential oils were identified as carvacrol ( 43.0%), germacrene D (19.0%) 

for Thymus cariensis, camphor (12.7%), α-pinene (10.2%), 1,8-cineole (10.1%) and cubenol 

(8.1%) for Thymus convolutus.  

 

Keywords: Thymus Cariensis, Thymus Convolutus, Essential Oil, GC-MS 

 

Acknowledgements: The research was funded by grant: 14-EZF-69, Dicle University Scientific 

Research Projects Coordinator 

 

References: 

1. Ertaş, A., Boğa, M., Yilmaz, M.A., Yesil, Y., Tel, G., Temel, H., Haşimi, N., Gazioğlu, I., 

Özturk, M., Uğurlu, P. Industrial Crops and Products (2015) 67 336-345 

2. Baytop T. Therapy with medicinal plants in Turkey. University of İstanbul Press. İstanbul; 1984. 

3. Boubakera, H., Karima, H., El Hamdaoui, A., Msanda, F., Leach, D., Bombarda, I., Vanloot, 

P., Abbad, A., Boudyach, E.H., Ait Ben Aoumar A. Industrial Crops and Products (2016) 86 

95-101  

 
 

 

 

 

 

 

 

 

 

 

 

 

mailto:mehmetboga1980@gmail.com


10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

306 

 

P3-28 

Chemical Profile of Salvia Sclarea by LC-MS/MS Using the Ethanol Extract  

 
Elif Varhan OralA, Mustafa Abdullah YılmazB, Hava BatıbayA, Abdulselam ErtasC,*, Mehmet BogaD, 

Mehmet FiratE, Hamdi TemelB, Berrin ZiyadanoğullarıF 

 

ADicle University, Faculty of Pharmacy, Department of Analytical Chemistry, Diyarbakir, Turkey 
BDicle University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, Diyarbakır,Turkey 

CDicle University, Faculty of Pharmacy, Department of Pharmacognosy, Diyarbakır, Turkey 
DDicle University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Diyarbakır, 

Turkey 
EYüzüncü Yıl University, Faculty of Education, Department of Biology, Van, Turkey 

FDicle University, Faculty of Science, Department of Analytical Chemistry, Diyarbakir, Turkey 

 

*E-mail: abdulselamertas@hotmail.com  

 

 Salvia species are generally known for their multiple pharmacological effects including 

their antibacterial, antiviral, antioxidative, antimalarial, anti-inflammatory, antidiabetic, 

cardiovascular, antitumor and anticancer (1). In this study, secondary metabolic profile of 

ethanol extracts of Salvia sclarea were determined using LC-MS/MS. A comprehensive LC-

MS/MS method validation was developed for the qualitative and quantitative analysis of 37 

phytochemicals including 15 Phenolic acids, 17 flavonoids, 3 nonphenolic organic acids, 1 

phenolic aldehyde and 1 benzopyrane (2). S. sclarea was collected from east Turkey (Van 

Bahçesaray) in June 2015 and characterized by Mehmet Fırat (Yüzüncü Yıl University, Faculty 

of Education, Department of Biology, TR-65080 Van,). Voucher specimens were deposited in 

the Herbarium of Van Yuzuncu Yil University, Faculty of Science (VANF30657). The 

powdered plants (stems, leaves, flowers, roots and mixed parts) were extracted three times with 

ethanol (50 mL each) at room temperature for 24 h. Afterwards, the extracts obtained were 

combined, filtered and evaporated under low pressure. Dry filtrates were reconstituted in 

ethanol at a concentration of 250 mg L-1 and filtered through the 0.2 µm PTFE filter prior to 

LC-MS/MS analysis. Especially, the all extracts of S. sclarea were determined to possess very 

high amounts of rosmarinic acid. Besides, root and stem extracts of both species were rich in 

terms of fumaric acid. 
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 Salvia species are generally known for their multiple pharmacological effects including 

their antibacterial, antiviral, antioxidative, antimalarial, anti-inflammatory, antidiabetic, 

cardiovascular, antitumor and anticancer (1). In this research, total phenolic and flavonoid 

content, antioxidant and anticholinestrase activities of extracts obtained from various parts of 

(roots, leaves, stems, flowers and mixed) Salvia suffruticosa were compared. S. suffruticosa, 

which was collected from east Turkey (Van Gürpınar) in May 2015 and characterized by 

Mehmet Fırat (Yüzüncü Yıl University, Faculty of Education, Department of Biology, TR-65080 

Van,). Voucher specimens were deposited in the Herbarium of Van Yuzuncu Yil University, 

Faculty of Science (VANF30657). β-Carotene method, ABTS cation radical decolorisation 

method, cupric reducing antioxidant capacity assays and DPPH free radical scavenging activity 

were carried out to indicate the antioxidant activity (2-5). The anticholinesterase potential of 

the extracts were indicated by Ellman method (6). The amounts of total phenolic and flavonoid 

components in crude extracts were determined by expressing as pyrocatechol and quercetin 

equivalents, respectively. Among the studied extracts which prepared from parts of the flower  

was found to be richer in terms of both total phenolic and total flavonoid. It was determined 

that working in all extracts not show acetylcholinesterase activity but show a moderate 

butyrylcholinesterase activity. Furthermore, all of the extracts prepared from the various parts 

of this species as the four working methods of antioxidant activity was determined to have high 

antioxidant potential. 
 
Keywords: Salvia Suffruticosa, Antioksidant, Anticholinesterase, Total Phenolic-Flavonoid 
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 Euphorbia is one of the largest genus which belongs to the Euphorbiaceae family, and 

represented by 105 species in Turkey [1].  Euphorbia species are named as ‘Sütleğen’ and 

‘Xaşıl’[2]. Euphorbia species are commonly used in Turkish folk medicine for the treatment of 

rheumatism, swelling as well as a wart remover. However, inflammation and diarrhoea are the 

two potential side effects that might occur during the treatment[2]. It’s known that plant’s root 

parts are accumulate trace metal elements more than plant’s other parts. Additionally some 

Euphorbia species show accumulating few metals effect was known in literature [3]. In this 

study, different parts of Euphorbia denticulata and Euphorbia fistulosa species (root, stem, 

leaves, flower, seed and also mixed parts separately) were dried and then homogenized. 

Homogenized plant samples were digested by microwave oven. Heavy metal contents of 

prepared samples were observed by ICP-MS instrument. Depending on our results, different 

parts of the studied species were observed to contain different amounts of trace metals.  

Moreover, Cu and Zn elements were found to be the richest metals in the studied E. denticulata 

and E. fistulosa species. E. fistulosa that was collected from Diyarbakır was determined to have 

higher Pb concentration compared to  E. denticulata that was collected from Kayseri. As a 

result, it was observed that E. denticulata and E. fistulosa species accumulate Cu, Pb, Cr, Ni, 

Co and Se elements.   

 
Keywords: Euphorbia Denticulata, Euphorbia Fistulosa, Heavy Metal, ICP-MS 
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The family Euphorbiaceae is widely distributed in temperate regions of the world. Within 

the family Euphorbiaceae, the sixth largest flowering genus Euphorbia L., with well over 1000 

species, is subdivided into many subgenera and sections, a number of which have been treated 

as distinct genera[1]. Plants belonging to Euphorbia spp. have been the subject of many 

investigations for their biologically active components [2, 3]. Their biological activities, 

including skin irritant, tumor promotion, and pro-inflammatory properties are attributed to the 

presence of specific classes of macro- and polycyclic diterpenes. Some species 

of Euphorbia have been used for the treatment of skin diseases, gonorrhea, migraine, intestinal 

parasites, and warts, and as anti-inflammatory agents in folk medicine [4]. A literature survey 

of the genus showed that many of its constituents are highly bioactive in phytochemical 

analysis. Many different parts of the Euphorbia species like roots, seeds, latex, stem, 

stembarks, leaves and whole plants have been studied. Moreover, it is found that the plants in 

the Euphorbiaceae family are well known for the chemical diversity of the irisoprenoid 

constituents. The major constituents of the genus are diterpenoids Many biological activities 

of the constituents of the Euphorbia species have been reported for a decade [5]. Root and 

aerial parts (stem, leave,flower and seed) of E. denticulata was collected from Kayseri in 

flowering period. Powdered form of the parts plant material was weighed (1 g) and macerated 

three times with methanol (10 mL each) at 25 ºC for 24 hours. After filtration, the solvent was 

evaporated to get the crude extracts. Phenolic components in the methanol extract was 

quantified by LC-MS/MS. LC-MS/MS analysis of the  phenolic compounds was performed by 

using a Nexera model Shimadzu UHPLC coupled to a tandem MS instrument. In the current 

study, twenty-four phenolic compounds (flavonoids, flavonoid glycosides, phenolicacids, 

phenolic aldehyde, coumarin) and three non-phenolic organic acids which are widespread in 

plant materials were qualified and quantified in E. denticulata. Among 27 compounds, malic 

acid, hesperidin, Quinic acid, Tannic acid, Hyperoside and rutin were found to be the more 

abundant compound in E. denticulata. 

Keywords:  Euphorbia Denticulata, LC-MS/MS, Phenolic Content 
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 In Turkey, traditionally consumed Allium genus like kormen, rock garlic, savage onion, 

savage garlic, dog onion and shepherd garlic are also used as food or used in treating aims (1) 

 In this research, total phenolic and flavonoid content, antioxidant and anticholinesterase 

activities of the extracts obtained from various parts of Allium scabriscapum were compared. 

Allium scabriscapum was collected from east of Turkey (Van, Gürpınar) in April 2015. 

Voucher specimens were deposited in the Herbarium of Van Yuzuncu Yil University, Faculty 

of Science (VANF31171). The powdered plant was extracted three times with ethanol (50 mL 

each) at room temperature for 24 h. Afterwards, the extract obtained was combined, filtered 

and evaporated under low pressure. β-Carotene-linoleic acid, ABTS cation radical 

decolorisation, cupric reducing antioxidant capacity and DPPH free radical scavenging assays 

were carried out for the antioxidant activity (2-5). The anticholinesterase potential of the 

extracts was studied spectrophotometrically (6). The total phenolic and flavonoid contents in 

crude extracts were determined as pyrocatechol and quercetin equivalents, respectively. The 

ethanol extracts exhibited good activity in ABTS assay. However, when compared with the 

standards the extracts indicated mild activity in other antioxidant activity assays. In addition, 

these both ethanol extracts were in active against acetylcholinesterase and 

butyrylcholinesterase enzymes. The last but not the least is these both extract exhibited 

moderate activity against DLD-1 (colon cancer) cancer cell lines.  
 

Keywords: Allium Scabriscapum, Cytotoxic, Antioxidant, Anticholinesterase, Total Phenolic-

Flavonoid 
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Wild mushrooms have been used since ancient times as food and medicinal purposes. 

Recently, the mushrooms have been interested by the researchers due to their biologically 

active compounds. Anticancer, antiviral, antioxidant and immunomodulatory agents were 

isolated from the mushrooms [1]. The studies indicated that the mushrooms can also be used 

for medicinal purposes. Tricholoma anatolicum H.H. Doğan & Intini, growing naturally in 

Fethiye-Muğla and Kozan-Adana during September time, is exported 50 tons every year to 

Japan. Due to the economic importance and delicious taste the secondary metabolites of the 

mushroom were studied. The isolated and elucidated compounds using the spectroscopic 

techniques were also screened for their bioactivities.  

In this study Tricholoma anatolicum were collected from Fethiye-Muğla. It was 

extracted with petroleum ether, acetone and methanol at room temperature, successively. The 

acetone and methanol extracts were subjected to column chromatography. After purification 

the ergostane type steroids, which some of the structures of them were given following, were 

elucidated using 1H-NMR, 13C-NMR, DEPT, HSQC, HMBC and MS spectroscopic 

techniques.  

 

 

 

 HO  

1 2 3 

 
Keywords: Tricholoma Anatolicum, Isolation, Chromatography, NMR Spectroscopy, MS 

Spectrometry, Structure Elucidation 
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Allium genus represented 800 species in the world and 179 species in Turkey [1]. 

Species that featured in Allium genus are splits some parts between each other. The most known 

species of Allium genus are onion, garlic and leek. Some species are also in the group whose 

head smells like onion, and generally appeared on Northern hemisphere (specially, on the area 

located between east of Europe and west of Asia) [1].  Kormen, rock garlic, savage onion, 

savage garlic, dog onion and shepherd garlic which are traditionally consumed Allium species 

are also used medicinally in Turkey [2]. In this study, secondary metabolic profile of ethanol 

extract of Allium scabriscapum was determined using LC-MS/MS. A comprehensive LC-

MS/MS method validation was developed for the qualitative and quantitative analysis of 27 

phytochemicals [3]. The powdered plant was extracted three times with ethanol (50 mL each) 

at room temperature for 24 h. Afterwards, the extracts obtained were combined, filtered and 

evaporated under low pressure. Dry filtrates was reconstituted in ethanol at a concentration of 

250 mg.L-1 and filtered through the 0.22 µm PTFE filter prior to LC-MS/MS analysis. In 

general, the LC-MS/MS study indicated that the species is poor in phenolic compounds; 

however, in the ethanol extract of aerial parts of species rutin and hesperidin were quantified 

in high amounts. 
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The genus Abies (Pinaceae) consists of 51 species mainly distributed in temperate and 

boreal regions of the Northern hemisphere, essentially in mountainous regions [1, 2]. 

The cones of Abies numidica de Lannoy ex Carriere were 

used in folk medicine against cold, indigestion, stomach 

ache, pulmonary, vascular and venereal diseases [3]. 

Therefore, it is aimed to investigate the compounds of 

fractions (Fr.2, Fr.3, Fr.4) of cones of Abies numidica using 

LC-ESI-MS/MS along with antioxidant (DPPH, ABTS, β-

carotene-linoleic acid and CUPRAC assays) and 

anticholinesterase (Ellman method against acetylcholinesterase and butyrylcholinesterase 

enzymes) activities. 

Organic acids and phenols were identified for the first time in the genus Abies by LC-

MS/MS. Quinic acid (214.9-829.7 µg/g of dry extract), malic acid (766.3- 770.5 µg/g), 

hyperoside (204.6-35.3 µg/g), vanillin (148.9-152 µg/g), tannic acid (128.2- 141.7 µg/g), 

rosmarinic acid (106.3-114.9 µg/g), coumarin (68.3- 77.3 µg/g) and quercetin (88.1 µg/g of 

dry extract) were some of the compounds identified in cones. 

The Fr.3 showed the strongest antioxidant activity especially in the ABTS assay (IC50 

= 1.5 ± 0.4 µg/mL). Fr.2 showed better acetylcholinesterase inhibitory activity (IC50= 

693.4±2.4 µg/mL) while Fr.4 (IC50= 83.9±0.8 µg/mL) exhibited the highest 

butyrylcholinesterase inhibitory activity. 

 

Keywords: Abies Numidica, LC-MS/MS, Antioxidant Activity, Anticholinesterase Activity. 
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Cytotoxic Activity of Tricholoma Focale 
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Medicinal mushrooms are gaining interest because of their promising activities beside 

their nutritional properties. Unique odor and taste of wild edible mushrooms makes them 

preferred. Recently, many researchers have been investigated medicinal mushrooms to 

understand the origin of various bioactivities. Various biologically active compounds; such as, 

terpenes, steroids, lectins and glucans indicating anticancer, immunomodulatory, antioxidant, 

anticholinesterase activities have been isolated from mushrooms [1-2]. 

Tricholoma focale (Fr.) Ricken. grows naturally in conifer forests, and collected from 

Muğla region. The dried mushroom material was extracted with petroleum ether, acetone and 

methanol, and then with hot water, successively. The cytotoxic activity of extracts of 

Tricholoma focale against MCF-7 (breast cancer) and H1299 (lung cancer) cell lines were 

studied by WST method. 

Tricholoma focale extracts showed toxic effects on MCF-7 and H1299 cell lines. 

Toxicity increased with increasing concentrations. Against MCF-7 acetone extract was the 

most active (15% cell viability at concentration of 75 µg/ml) while the water extract had 

notably activity. Against H1299 methanol extract was the most active (24% at concentration 

of 75 µg/ml). The acetone extract, however, exhibited also good cytotoxic effect. 
 

Keywords: Tricholoma Focale, Cytotoxic Activity, MCF-7 (breast cancer cell line) and H1299 (lung 

cancer cell line) 
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Galantamine is a tertiarry alkaloid and found generally in Galantus Species such as 

snowdrops, daffodils and Leucojum aestivum. These plants comprise galantamine in up to %0.3 

concentration. It is cholinesterase inhibitör and is used in treatment of alzheimer, polio, norrow-

angle glaucama and as an antidote after poisonings and is stil being investigated for use in 

treatment of alcohol and nicotine dependence, schizophrenia and cognitive memory disorders.  

 

In this study, in the first step, a simple, accurate and sensitive HPLC method was 

developed for determination of galantamine. The chromatographic separation was carried out 

on RP C
18 

ACE column (250 × 4.6 mm, 5μm) using mobile phase 0.5 M potassium 

dihydrogen phosphate: methanol in the ratio of 80:20 v/v at flow rate 1 ml/min with UV 

detection at 290 nm. Retention time was 5.8 minutes. The calibration curve was linear (r = 

0.9997) in the concentration range 50-250 μg/ml. The method was statistically validated for 

precision, accuracy, LOD, LOQ, robustness and recovery.  

 

In the second step, ultrasound-assisted extraction (UAE) was applied to the extraction 

of galantamine from Galanthus woronowi leaves. The galantamine were quantified and 

analyzed by high performance liquid chromatography coupled with UV detection (HPLC-UV). 

The extraction pH,  extraction temperature and extraction time parameters, the three main 

factors for UAE, were optimized with response surface methodology (RSM) to obtain the 

highest extraction efficiency. The optimal conditions were  extraction pH of 7,  extraction time 

of 30 min and  extraction temperature of 45 °C. Under this optimized conditions, the 

experimental yield of galantamine is % 2.85, which is well matched with the predicted yield of 

% 2.87. The analysis of variance indicated a high goodness of model fit and the success of 

RSM method for optimizing galantamine extraction from Galanthus woronowi leaves. 
 

Keywords: Galantamine, Extraction, Optimization. 
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Sideritis, also known as mountain tea, is a genus of flowering plants well known for 

their use as herbal medicine, commonly as an herbal tea. They are abundant in Mediterranean 

regions, the Balkans, but can also be found in Central Europe and temperate Asia. Sideritis 

akmanii is an endemic plant of Afyonkarahisar located in Turkey. It has been traditionally used 

to aid digestion, strengthen the immune system and suppress common cold, the flu and other 

viruses, allergies and shortness of breath, sinus congestion, even pain and mild anxiety. Studies 

indicate a positive effect on many common ailments. It is known scientifically to be anti-

microbial, anti-inflammatory, and anti-oxidant. Active elements include diterpenoid and 

flavonoids 

 

In this study, the extraction conditions for phenolic compounds from mountain tea 

(Sideritis akmanii) leaves was optimised by using response surface methodology (RSM). Box-

Behnken design (BBD) was applied to determine the effects of ethanol concentration (%), 

extraction temperature (oC), and extraction time (min) on total phenolic content (TPC) from 

mountain tea (Sideritis akmanii) leaves. The independent variables were coded at three levels 

and their actual values were selected based on the results of single factor experiments. Results 

showed that ethanol concentration was the most significant factor affecting the TPC. The 

optimum extraction conditions were found to be ethanol concentration of 53 %, extraction 

temperature of 48 oC, and extraction time of 45 min. Under the optimised conditions, the 

experimental value for TPC was 52.8 mg GAE/g DW, which reasonably close to the predicted 

value (53.0 mg GAE/100g DW). 

 

Keywords:  Mountain Tea (Sideritis Akmanii) Leaves, Phenolic Compounds, Antioxidants, 

Total Phenolic Content (TPC); Response Surface Methodology (RSM) 
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In this study, it is aimed to investigate antioxidant and antiurease effects of Achillea 

vermicularis extracts. The extraction techniques included soxhlet extraction and maceration 

with three different solvent systems including hexane, chloroform and ethanol. Three methods 

were applied for the evaluation of extracts’ antioxidant properties: DPPH (1,1-diphenyl-2-

picrylhydrazyl), TEAC/ABTS (trolox equivalent antioxidant capacity), CUPRAC (cupric 

reducing antioxidant capacity) assays and also, the amount of total phenolic (TPC) and total 

flavonoid contents (TFC) were analysed by using Folin-Ciocalteu and aluminium chloride 

colorimetric assays, respectively. In addition, urease inhibitory activities of the extracts from 

A. vermicularis were determined according to a reported method (1). 

In vitro screening tests indicated that ethanol extract of A. vermicularis had the highest 

amount of TPC and TFC and showed the highest biological activities among the different 

solvent extractions and methods. 

Subsequently, we tried to identify and quantify of the major phenolic compounds in 

ethanol extract using ESI-Q-TOF LC/MS (electrospray ionization-quadrupole-time of flight 

liquid chromatography mass spectrometry) and HPLC-DAD (high-performance liquid 

chromatography equipped with a photodiode array detector) methods. Major phenolic 

compounds identified and quantified in the extract were rutin, chlorogenic acid and 

dicaffeoylquinic acid. 

These results showed that ethanol extract of A. vermicularis have good antioxidant and 

antiurease activity. These can be attributed to the high concentration of phenolic compounds 

in this extract. 

 
Keywords: Phenolic Compounds, Biological Activity, HPLC-DAD-MS, A. Vermicularis  
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There are 35 Geranium (Geraniaceae) species recorded in the flora of Turkey. 

Geranium species are used as antiasthmatic, antiallergic, antioxidant, antidiarrhoeic, 

antihepatotoxic, diuretic, tonic, haemostatic, stomachic and antidiabetic in folk medicine. 

Leaves of some Geranium species are consumed as food in Anatolia. The aerial parts of G. 

purpureum in Kocaeli are used as vegetable. Plants from the genus Geranium are known to 

contain flavonoids, tannins, lignans  and essential oils (1,2). 

The aim of this work is to analyse qualitative and quantitative phytochemical and 

evaluate in vitro anti-urease and antimicrobial activities of methanol extract from G. 

purpureum aerial parts. 

Preliminary phytochemical analysis for alkaloids, cardiac glycosides, flavonoids, 

glycosides, phenols, saponins, tannins and triterpenoids and quantitative phytochemical 

analysis for total phenolics, total flavonoids, tannins, saponins and proanthocynidin were 

made by following standard procedures (3,4,5). The urease inhibitory activity of the extract 

were determined according to a reported method (6). In addition, antimicrobial activity of 

extract were investigated using the disc diffusion and microdilution methods (7,8).  

The methanol extract of G. purpureum showed good anti-urease activity while this extract had 

weak antimicrobial  activity. Subsequently, we tried to identify the phenolic compounds in the 

methanol extract by HPLC-DAD/ESI-Q-TOF LC/MS.  

Keywords: G. Purpureum, Phenolic Compounds, Biological Activity, ESI-Q-TOF LC/MS 
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The genus Achillea L. belongs to Asteraceae, which is the largest family of vascular 

plants and represented by more than 140 perennial herbaceous species worldwide (1). Turkey 

is one of the main centers of diversity for the genus Achillea. A total of 54 Achillea taxa are 

indigenous to Turkey, of which 31 are endemic (2,3). Achillea species are important in 

Turkish folk medicine for matters such as stomachache, hemorrhoids and inflammation (4). 

The aim of this study was to investigate phenolic composition and compare evaluation 

of different extraction methods and solvents for biological activities of A. lycaonica growing 

in Turkey.  

In the present study, three different extraction methods were employed to recover 

extracts from A.lycaonica aerial parts. The total phenolic, total flavonoids contents and 

antioxidant, anti-urease, antimicrobial activities of A.lycaonica extracts obtained by ultrasonic 

bath, soxhlet extraction and maceration techniques were compared. The efficiency and 

selectivity of processes were determined in terms of extraction yield and biological 

activities. The extracts were quantitatively analyzed for total phenolic and flavonoid contents 

using spectrophotometric methods. Antioxidant activity of the extracts was measured using the 

DPPH., ABTS.+ scavenging activities and FRAP assay. The urease inhibitory activities of the 

extracts were determined according to a reported method (5). In addition, antimicrobial 

activities of extracts were investigated using the disc diffusion and microdilution methods 

(6,7).  

The ethanol extract of A.lycaonica had the highest amounts of total phenolics and total 

flavonoids and showed the highest biological activity. Subsequently, we tried to identify the 

phenolic compounds in the ethanol extract by HPLC-DAD/ESI-Q-TOF LC/MS.  

Keywords: A.lycaonica, Phenolic Compounds, Biological Activity, ESI-Q-TOF LC/MS 
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The aim of the present work was to evaluate the performance of Energy Dispersive X 

- ray Fluorescence (EDS XRF) Spectroscopy for geological material analysis. The method 

was compared with laboratory analysis of certified reference materials (CRMs) using 

Inductively Coupled Plasma Atomic emission spectroscopy (ICP-AES) and Instrumental 

Neutron Activation Analysis (INAA) as established methods for the light Rare Earth 

Elements (REE) determination in geological material. The elements Ce and La were chosen 

as representative of their group in geological material and six reference materials were 

employed for the investigation. The reference materials were 1633b a fly ash provided by 

NIST as well as an andesite AGV 1 and a basalt BHVO 1 both by USGC. In addition to these 

CRMs three laboratory reference materials, prepared at our lab with accepted values 

determined against existing CRMs, were analyzed. The figures of merit principally accuracy 

and precision, as well as the values of goodness of fit (r2) were calculated and compared. The 

strengths and limitation of EDS XRF were assessed and suggestion are made for the 

optimization of the methodology.                              
 

 
 

Keywords: Light Rare Earth Elements, Energy Dispersive X - Ray Fluorescence Spectroscopy, 

Geological Material  
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Silver nanoparticles were synthesized by completely green method using raffinose as 

reducing and stabilizing agent and characterized by UV-VIS spectroscopy, SEM and TEM 

analysis. Their high active surface area and chemical reactivity implied their high extraction 

efficiency toward chemical elements. The aim of present study was to optimize chemical 

conditions for quantitative sorption of Cd(II), Cu(II), Co(II), Hg(II), Fe(III), Ni(II) and Pb(II) 

on the surface of Ag nanoparticles (AgNPs) as a first step and to optimize instrumental 

parameters for Total reflection X-ray Fluorescence (TRXRF) measurement of retained analytes 

as a second step. Quantitative sorption for all studied analytes was achieved t pH 8.5 reached 

with 5 M ammonia solution for less than 5 min. AgNPs were centrifuged at 14000 rpm and 

suspended in Milli-Q water. The whole analytical procedure was performed in small centrifuge 

tube – sample solution 2 ml was used for sorption of trace elements. The volume of final 

suspension was 50 µL, which were transferred on the glass support and analyzed by TRXRF. 

The developed analytical procedure was applied for different types of surface wastewaters. 

Recoveries achieved for fresh waters varied in the range 92-97%, however for Black sea water 

aggregation of AgNPs was observed and recoveries were below 80%. Additional experiments 

for stabilization of AgNPs in salted waters are needed to solve this problem. Analytical 

procedure proposed for fresh waters was validated by analyses of certified reference materials. 
 

Keywords: Surface Waters, Silver Nanoparticles, TRXRF, Trace Elements 
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Self-Organizing Maps as a Tool for Classification of Different Kinds of 

Bulgarian Monofloral Honey 
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Trace elements Al, Ba, Co, Cu, Fe, Mn, Ni, Sr and Zn, major elements K, P, S, Na, Ca 

and Mg as well as toxic elements Cd and Pb were all determined in 17 Bulgarian monofloral 

honey samples, with defined botanical origin: sunflower, lime, acacia, thistle and honey dew, 

by using electrothermal atomic absorption spectrometry (ETAAS) and inductively coupled 

plasma optical emission spectrometry (ICP-OES). Monofloral honey samples were produced 

in different years however in the same geographical region for each year. Self-organizing maps 

(SOM), as one type of the neural networks, are commonly used for visualizing and also for 

clustering of multidimensional data. In this study SOM were tested as efficient statistical 

approach for data mining and successful identification of botanical origin of honeys. Various 

calculations performed showed that the proper choice of element markers is the most important 

factor for correct separation of honeys with different botanical origin. The proper classification 

of honey samples was achieved after optimization of the set of the most important elements – 

markers: Al, K, Cu and Sr and it was proven that chemical elements in combination with 

powerful statistical methods might be proposed as reliable tool for monofloral honey 

classification. According to U-matrix all studied honey samples formed 3 major groups. Two 

of them were populated with honey dew samples and lime honey samples. The last one was 

consists of the rest monofloral honeys – sunflower, acacia and thistle, but there was also good 

separation inside this group. 

It was shown that the year of honey production was not a factor of honey behavior in 

the used multivariate statistical approach for classification. Even more monofloral honeys 

produced in different years were correctly separated applying proposed approach. 
 

 

Keywords: Monofloral Bulgarian Honeys; Self-Organizing Maps; ETAAS; ICP-OES 
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Investigation of binding characteristics of two hydrazone derivatives with 

nucleic acids by spectral methods  
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The interaction studies between fluorescent dyes and DNA are significant to design 

new probes and the quantitative detection of nucleic acids. Many fluorescence assays have 

been reported for DNA measurement by using of fluorescent dyes, metal ions and metal 

complexes that exhibit fluorescence quenching or enhancement in the presence of DNA. The 

possible interaction models between these small molecules and DNA generally include the 

electrostatic or surface, the groove and the intercalation binding. Hydrazones are attractive 

targets for researchers worldwide due to their widespread applications in biology and medicinal 

chemistry, exhibiting potential therapeutic properties. Because of the ease of preparation and 

tendency toward crystallinity, they are also important compounds for drug design. 

In the present work, hydrazone derivatives, AN1 and AN3, were synthesized and the 

interactions with ct-DNA were investigated by fluorescence quenching method. The 

fluorescence quenching mechanisms of derivatives by ct-DNA were studied by means of Stern-

Volmer modeling. The experimental results showed that the interaction of both derivatives with 

ct-DNA resulted with complex formation. In addition, the binding properties of ct-DNA-

derivative complexes were investigated based UV-vis absorption spectra, ionic strength, iodide 

ion quenching and thermodynamic parameters. The Stern-Volmer quenching constant, binding 

constant, binding sites and the corresponding thermodynamic parameters ΔH, ΔS and ΔG were 

calculated at different temperatures.    

 
Keywords: Stern-Volmer equation, hydrazone dyes, fluorescence quenching, groove binding 
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Use of SERS for characterization of interaction between phthalocyanine 

complex and amyloid fibrils 
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The insoluble beta-pleated aggregates of proteins, called as amyloid fibrils, are 

associated with the pathogenesis of a large number of human diseases such as 

neurodegenerative disorders (Alzheimer's, Parkinson's), diabetes type II and various 

amyloidosis. The accumulation of amyloid aggregates causes to the disfunction of the cell and 

cell death and this leads the emergency request for the development and investigation of the 

agents able to suppress the protein fibril formation, or promote the fibril degradation processes.  

Recently the strong effect of cyclic tetrapyroles- phthalocyanines on protein 

aggregation process is reported and the anti-fibrillogenic properties of the phthalocyanine 

complexes of Zr and Hf containing axially coordinated substituents were discovered [1]. The 

ability of these macrocyclic metal complexes to interact with the mature amyloid fibrils was 

also shown [2]. 

In the present study the SERS on Ag nanoparticles was used to characterize the 

interaction between the axially coordinated Hf phthalocyanine (Figure 1) with mature fibrils of 

amyloidogenic protein insulin.  

 

 

 

 

 
 

 

Figure 1. Structure of Hf phthalocyanine. 

 

The spectra of free phthalocyanine contain the bands in the range 485- 1530 cm-1 and 

the metal surface enhancement of about 104 times was registered. Addition of fibrillar insulin 

leads to the decrease of the SERS intensity of phthalocyanine bands that is attributed to the 

increase of the phthalocyanine to metal surface distance due to the binding of phthalocyanines 

with fibrils. This effect does not demonstrate noticeable dependence on the procedure of 

sample preparation (first incubation of phthalocyanine with nanoparticle and the addition of 

amyloid fibrils on it or vice versa procedure). This could point on the pronounced bındıng of 

phthalocyanine molecules wıth the mature fibrils. Besides, since the addition of amyloid fibrils 

did not lead to the formation of the new bands in Raman spectra of phthalocyanines, which 

suggest that phthalocyanine molecules do not undergo chemical bounding upon the interaction 

with fibrils. 
Keywords: SERS, amyloid fibrils, phthalocyanine 
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Surface Enhanced Raman Spectroscopy (SERS) has great potential in biological 

applications due to high sensitivity in complex biological matrix or even single molecule 

detection.  Fabrication of novel gold nanostructures is also important in SERS since SERS 

amplification strongly depends on plasmons on the surface of gold nanoparticles.  Novel gold 

particles as SERS substrates can be used to maximize signals for intended analytes and makes 

the ultra-sensitive analysis possible with a Raman spectrometer. However colloidal stability 

and reproducibility should be taken into account in a quantitative analysis. For these reasons, 

a lot of effort has been made in generation of rapid, simple and cheap methods for gold 

nanoparticles. Among these effective methods, seed mediated synthesis procedures are widely 

used using toxic CTAB surfactant [1]. In the present study, we report a robust synthesis of gold 

nanoparticles with different shape by using benzalkonuim chloride. Significantly, 

benzalkonium chloride coated gold nanoparticle was able to demonstrate the long lasting 

stability (over one year) and exhibited the SERS activity.  

The sandwich format of LFIA was optimized for the determination of Escherichia coli 

by visual inspection and SERS detection. For this purpose, we optimized experimental 

parameters using benzalkonium coated gold nanoparticles which is used for labeling. To test 

the efficiency of present method, varied cell concentrations of E. coli (1.5x101-1.5x108 cfu mL-

1) were analyzed in optimized conditions and related to the colorimetric and SERS 

measurements. The proposed method shows a clear advantage over traditional methods and the 

combination of excellent SERS activity and chemical stability enable a lateral flow 

immunoassay E.coli detection. 

Keywords: SERS, E.coli, Benzalkonium Coated Gold Nanoparticles, Lateral Flow 

Immunoassay 
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Preparation and Characterization of Silver-PESeE Film Deposited on ITO 

Glass Surface as a Surface Enhanced Raman Scattering Substrate 
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Surface enhanced Raman scattering (SERS) is known as a very attractive technique for 

the characterization and detection of a variety of chemical and biological molecules due to their 

impressive characteristics such as giving spectral fingerprint of vibrations, high sensitivity and 

insensitivity to water. One of the most important points of the SERS technique is the 

requirement for producing a substrate having an ideal surface morphology to facilitate the 

achievement of the most favorable enhancement.[1,2] 

Here a novel, simple, reliable, and reproducible one-step electrochemical method for 

the preparation of surface enhanced Raman-active polymer-mediated silver nanoparticles (Ag 

NPs) on planar indium tin oxide (ITO) coated glass substrates was reported. Poly (4,7-di-2,3-

dihydrothieno [3,4-b] [1,4] dioxin-5-yl-2,1,3 benzoselena diazole) (PESeE) film was used as a 

support material for dispersing silver nanostructures on the surface homogeneously. The 

morphologies of the prepared substrates have been investigated by field emission scanning 

electron microscopy (FE-SEM). The effect of the thickness of PESeE polymer film and the 

amount of silver particles on the polymer film on the SERS response were studied as well as 

repeatability and stability of prepared substrates. Brilliant cresyl blue (BCB) has been used as 

Raman probes to evaluate the properties of the new SERS substrates. 

 
Keywords: Raman Spectroscopy, SERS, Polymer Film, Silver Nanoparticles, Electrochemically 
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Photocatalytic Nanocomposite Material and Usage in Environmental 
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Due to the increasingly polluted environment the development of high efficiency 

renewable technologies and eco-friendly methods for environmental remediation is highly 

important. Wastewaters discharged from the textile industry contain huge amounts of toxic and 

non-degradable dye molecules known as carcinogenic. Therefore finding effective treatment 

methods and extending the treatment units which use them is necessary. Semiconductor based 

photocatalytic materials for the photodegradation of organic pollutants in wastewater has 

gained importance due to its potential application in environmental remediation. Formations of 

organic/inorganic nanocomposite materials with the addition of polymers becoming important 

research are to increase the efficiency of semiconductors.[1] Another important issue besides 

the increase in catalytic activity is the recovery and reuse performance of the catalytic 

materials. Generally, removal of heterogeneous catalysts from the solution requires 

centrifugation or filtration steps. But, with the addition of magnetic nanoparticles to the 

structure, catalyst can be separated by using external magnetic field and can be used in next 

cycle.[2] 

In this study, multifunctional organic-inorganic nanocomposite photocatalysts was 

developed to provide environmental remediation with the removal of organic dyes founded in 

waste waters from industry with photocatalytic degradation. For this purpose, magnetically 

recyclable, Poly (3, 4-ethylenedioxythiophene (PEDOT) and silver added TiO2 based 

(CoFe2O4-PEDOT-TiO2-Ag) nanocomposite material with high photocatalytic activity and 

well-separation property was produced. The comparative photocatalytic activity of the 

prepared nanocomposites was investigated in the degradation of organic dye, methylene blue 

(MB), known as a typical pollutant in the textile industry. 
 

Keywords: Photocatalyst, TiO2, PEDOT, Noble Metals Magnetic Separation, Waste Water Treatment 
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Surface Enhanced Raman Spectroscopy 
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The sensitive and specific detection of biochemical molecules such as carbohydrates 

with low concentration in solution has gained great importance in the fields such as biomedical 

research and diagnosis. An ideal technique to make the identification and determination of the 

important biochemical molecules should be fast, reliable, accurate and inexpensive. Of these 

techniques, particularly, fluorescence and SERS based ones have gained much attention due to 

advantages of sensitivity, selectivity. Boronic acids derivatives are utilized to achieve 

attachment of diol containing molecules through the agency of formation of reversible boronate 

ester. Therefore, this tight binding provides opportunity to phenylboronic acids (PBA) to be 

used for recognition and separation of diol-containing compounds. Recently, a fluorescent 

competitive assay that includes a chromophore such as Alizarin Red S (ARS) has been 

developed. When diol molecule is added to ARS-PBA complex solution, fluorescence intensity 

decreases providing the quantitative determination of glucose. Unfortunately, the technique 

suffers from low sensitivity. Alternatively, this disadvantage can be eliminated via 

development of a new technique based on surface enhanced Raman spectroscopy (SERS). For 

this, Raman dye based tags (such as Rhodamine-based) was developed to achieve conjugation 

with glucose via reductive amination reaction. Dye-conjugated carbohydrates provide low 

detection limit nearly as 1 nM in concentration with 632.8 nm HeNe laser. Besides the 

enhancement in SERS detection, tagged carbohdyrates enables the fluorescence detection that 

shows the superiority of designed tag-system for multimodal spectroscopic characterization. 
 

Keywords: Multiplex Detection, Glucose, Fluorescence, Raman-Dye Tag, Surface-Enhanced Raman 

Scattering (SERS) 
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Photonics is the science of light (photon) generation, detection, and manipulation 

through emission, transmission, modulation, signal processing, switching, amplification, 

and detection/sensing. Though covering all light's technical applications over the 

whole spectrum, most photonic applications are in the range of visible and near-infrared light. 

The term photonics developed as an outgrowth of the first practical semiconductor light 

emitters invented in the early 1960s and optical fibers developed in the 1970s. 

In this study, it is aimed to diagnose and detect cancer cells  in tissue samples of human 

thyroid. In order to carry out the study, different healthy and cancered tissues were collected 

from Ataturk University, Department of Pathology. Diagnosis of tissues was already achieved 

by histopathological tests. 

Samples were deparafinized and 20 micron of each sample were located on a coverslip. 

Both healthy and cancered tissues exposure to Mid-Infrared light between wavenumber of 100-

4000 cm-1 Obtained spectrum was evaluated on MATLAB software, PLS Toolbox package 

program.O-PLS and PARAFAC analysis were applied in order to separate cancer cells and 

healthy cells. Mapping of tissues was peformed by Raman Spectroscopy including two-laser 

beam by filtering Ray-Leigh scattering. 

In conclusion, it is claimed that this method make it enable to diagnose papillary thyroid 

carcinoma in human thyroid tissue without any sample preparation, extraction or any other pre-

treatment procedure. This easy and cheap method do not need any chemical for diagnosis of 

papillary thyroid carcinoma tissues. Photonics studies exhibit a new perspective on qualitative 

determination of specific diseases. 

Keywords: Photonics, FT-IR, Raman Spectroscopy, Papillary Thyroid Carcinoma 
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Studies of drug active compound-excipient  suitability represent an important phase in 

the preformulation stage of the development of all dosage forms. The possible physical and 

chemical interactions between drugs and excipients can affect the chemical nature, the stability 

and bioavailability of drugs and, consequently, their therapeutic efficacy and safety [1]. Drug 

– excipients compatibility studies lays a foundation in careful selection of most appropriate 

excipients and helps in designing a chemically stable and effective dosage form [2,3]. The 

purpose of the present investigation was to evaluate the compatibility of metoprolol, lisinopril, 

and estriol with various pharmaceutical excipients to be used in the nanoparticle formulations 

utilizing the different analytical techniques such as Differential Scanning Calorimetry (DSC)  

and Fourier Transform Infrared Spectroscopy (FTIR). The thermograms of the drug and 

excipient were obtained using DSC (PE DSC 400). All the samples were placed in a pre-

weighed stainless steel pan and sealed carefully with a sealer supplied by the manufacturer. 

The sealed pan was weighed to obtain the sample mass. Another sealed empty stainless steel 

pan was used as the reference. The sample was equilibrated heated from - 20 ºC to 400 ºC at a 

rate of 10 ºC/min. ZnSe-ATR equipment was used as well as KBr pellet technique. The FTIR 

measurements were formed on a PE Frontier spectrometer. Thermal methods especially DSC 

can be used for a wide range of drug applications ranging from the qualification and 

characterisation of pure substances to the evaluation of drug–excipient interactions through the 

appearance, shift, or disappearance of endo- or exothermal effects and/or variations in the 

appropriate enthalpy values. FTIR of any compound given information about the functional 

group present in particular compound [4-9]. 

 
 

 

 

 

 

 

 

 

Figure 1: DSC thermograms of mannitol                  Figure 2: DSC thermograms of metoprolol                Figure 3: DSC thermograms of metoprolol+ mannitol                 

Keywords: Drug, excipient, DSC, FTIR 
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Non-steroidal anti-inflammatory drugs (NSAIDs), and principally naproxen, ibuprofen, 

diclofenac, flurbiprofen and ketoprofen, are drugs with analgesic, antipyretic and anti-

inflammatory effects [1,2]. Most NSAIDs act as non-selective inhibitors of the enzyme 

cyclooxygenase, inhibiting both the cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-

2) isoenzymes. Most NSAIDs are weak acids, with pKa of 3-5.The retention of an ionizable 

compound in RP-LC is different from the retention of a neutral one. Retention behaviour of 

acidic solutes is greatly influenced by the pH of the mobile phase in conventional reverse phase 

HPLC. Small changes in pH can significantly alter chromatographic retention, particularly 

when it is close to the dissociation constant (pKa) of the solute. A weak acid presents 

equilibrium between its unionised (HA) and anionic (A) forms related by the dissociation 

constant. The observed retention time (tr) is an average of the retention factors of the unionised 

(tr,HA) and ionized forms (tr,A) [1]. The pH dependence of chromatographic retention for weak 

acidic solutes in reversed phase liquid chromatographic separation was proposed by Horváth 

[3]. The equation modified and proposed as linear equation by Poole et al [2-4]. 

Nowadays, some researchers have focused attention the effect of ionisation degree on 

retention behavior of ionisableanalyte since this is the easiest way to predict retention in LC. 

The linear relationship between log tr and f parameter have been widely used to predict 

retention in reversed phase liquid chromatography. In this study, retention behavior of five 

compounds(naproxen, ibuprofen, diclofenac, flurbiprofen and ketoprofen) in 40%, 45%, and 

55% MeCN:H2O binary mixtures by chromatographic method. A Gemini C6 phenyl analytical 

column provided by Phenomenex (1503.0 mm5μm,USA) was used for all of the 

determinations at 25C. General models for the influence of ionization on retention of these 

acids were applied. The log [1-D(1-f)] parameter taken as a solute descriptor that accounts for 

the ionization of the compound. The results show that this descriptor is an appropriate solute 

descriptorfor the ionization. 

Keywords: NSAIDs, f Parameter, Solute Descriptor. 
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Abstract 

In this work, we describe for the first time an unknown phenomenon triggered by the 

interaction of Rh-nanoparticles with antioxidant compounds. Trihydroxy and dihydroxy 

benzoates were found to induce several size transitions in citrate capped RhNPs yielding at the 

same time unprecedented colorimetric and spectral changes in the UV/VIS region. These 

interactions stem from the binding of antioxidants on the RhNPs surface from the hydroxyl 

groups further augmented by the presence of carboxylate moieties which act both as size 

regulators and stabilizers. On the basis of these phenomena, our findings could provide a 

springboard for the development of a facile approach for one-pot aqueous-based synthesis of 

bio-compatible RhNPs with variable sizes and absorption properties in the UV /Vis region for 

new applications in catalytic, field emission, magnetic and sensory applications. On this line 

of thinking, we demonstrate a few proof-of-concept applications for the determination of tea 

quality.  
 

Keywords: Rhodium Nanoparticles, Phenolic Compounds, Molecular Spectrometry, Optical Sensors. 

 

Introduction 

Noble metal nanoparticles have found numerous applications mainly due to their unique 

optical, catalytic and mechanical properties [1]. One of their most characteristic properties is 

their interaction with light, causing coherent oscillation of the free electrons of the metals 

locally around each nanoparticle with a frequency known as the localized surface plasmon 

resonance (LSPR) [2].  

Among the different types of noble metal nanoparticles, those of gold and silver 

(AgNPs) are most commonly used in chemical and biochemical analyses. Rhodium 

nanoparticles (RhNPs) have also been employed for analytical purposes, but only as 

electrochemical mediators for the determination of hydrogen peroxide [3]. To the best of our 

knowledge, analyte-mediated changes in the LSPR properties of RhNPs have not been used for 

the spectrophotometric determination of any analyte.   

This article reports for the first time that the interactions of citrate-capped RhNPs with 

phenolic compounds (i.e., catechins, gallates, cinnamates, and dihydroxybenzoic acids) can 

cause changes in the size of RhNPs, and give rise to analyte-specific spectral and color 

transitions in the suspensions of the RhNPs. As proof-of-concept applications, we developed 

an RhNPs-based photometric method for the determination of the total phenolic content of tea 

samples. 

 

Materials & Methods 

mailto:dgiokas@cc.uoi.gr


10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

333 

 

UV-Vis spectra were recorded in a Jenway 6405 UV/Vis spectrophotometer with 

matched quartz cells of 1 cm path length. Atomic force microscopy (AFM) images were 

obtained in tapping mode with a Multimode Nanoscope 3D. Dynamic light scattering (DLS) 

measurements were performed on a Malvern Zetasizer Nano ZS instrument. A Zeiss Libra 120 

energy filter transmission electron microscope (TEM) operating at 120 kV in bright field mode 

was employed for the morphological characterization of the RhNPs. 

2.3 Synthesis of citrate-capped rhodium nanoparticles (RhNPs) 

We synthesized citrate-capped RhNPs by mixing equimolar amounts of RhCl3·3H2O 

and tri-sodium citrate (0.5 mL, 10.0 mM) under stirring into 19.5 mL of doubly distilled water. 

Then 2.5 mM NaBH4 (0.5 mL, 0.10 M) were added. Stirring was continued for another 15 min 

at room temperature.  

We determined the total phenolic content (TPC) of tea samples by adding 100 μL of a 

dilute aqueous tea extract into 1900 μL of a suspension of citrate-capped RhNPs. The mixture 

was incubated for 25 min at room temperature and the increase of the absorbance peak at 450 

nm was measured and correlated with the total phenolic content of the tea samples. The results 

were expressed as gallic acid equivalent (GAE) concentration. 

 

Results & Discussion 

Analysis of the citrate-capped RhNPs using AFM showed that the nanoparticles were 

relatively uniform devoid of aggregates. Based on the topographical height profile (section 

analysis) the size of the particles lied between 3.5 and 8.0 nm with an average size of 7.2 nm 

(depth profile analysis), while DLS experiments calculated the average hydrodynamic diameter 

of the particles to be equal to 8.7 nm. 

Trihydroxybenzoate derivatives such as gallic acid and pyrogallol induced a unique 

visual color change (Figure 1) to the suspensions of citrate-capped RhNPs from dark green-

brown (citrate-capped RhNPs without phenolic compounds) to blue, due to the appearance of 

absorption bands at 350, 450 and 575-580 nm. On the other hand, dihydroxybenzoate 

derivatives, such as catechin and caffeic acid, that bear an aromatic vicinal diol group, caused 

the appearance of absorbance bands at 350 and 425-450 nm (Figure 1) accompanied by the 

appearance of an orange coloration. This coloration is evident by the unattended eye even in 

low catechin concentrations (<0.1mM). Other phenolic compounds such as coumaric acid, 

vanillic acid, cinnamic acid, epicatechin gallate and catechol, caused a small but measurable 

monotonic enhancement in the absorbance of the suspension of citrate-capped RhNPs 

throughout the UV-Vis region without causing any color changes or inducing new absorption 

bands. 
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Figure 1. Normalized UV-Vis spectra and color transitions of citrate-capped RhNPs in the presence of 

various concentrations of (a) catechin and (b) gallic acid. Spectral lines are normalized to blank (citrate-

capped RhNPs without phenolic compounds). Dot lines show the absorbance spectra of the phenolic 

compounds at a concentration of 0.5 mM. 

Using AFM, DLS and TEM (Figure 2) we measured the size of citrate-capped RhNPs 

after reaction with various concentrations of phenolic compounds. We found that the size of 

the nanoparticles increased from 8.7 nm to 18.2 nm with increasing gallic acid concentration 

and to 24 nm with increasing catechin concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the above observations a tentative mechanism is illustrated in Figure 3.  

 

 

 

 

 

 

 

 

 

 

Under the optimum experimental conditions, we prepared response curves of the 

absorbance values vs. the concentration of the tested compound (Table 1). We concluded that 

there is a linear dependence of the absorbance of the citrate-capped RhNPs with the logarithm 

of the concentration of phenolic compounds enabling detection to be carried out even at the 

Figure 2. TEM image of citrate-capped RhNPs 

containing 0.5 mM of gallic acid.  

Figure 3. Schematic demonstration of 

the potential mechanism involved in the 

interaction of phenolic acids (gallic acid) 

with citrate-capped RhNPs. 
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mid-μM concentration levels (Table 1). 

 
On the grounds of the above observations, the determination of TPC of aqueous tea 

extracts was based on the additive effect of antioxidants to the absorbance of the citrate-capped 

RhNPs suspension at 450 nm. The results from the analysis of 6 different tea varieties exhibit 

statistically significant linear correlation with the total phenolic content (r=0.9273, p=0.05) 

determined by the Folin-Ciocalteu assay [4].  

 

Conclusion 

In this work, we report a new method for the determination of phenolic compounds 

based on citrate-capped RhNPs. Phenolic compounds were found, for the first time, to interact 

with citrate-capped RhNPs and induce size transitions which can be observed as changes in the 

absorbance spectra of suspensions of citrate-capped RhNPs. We tested a variety of phenolic 

compounds at different concentration levels and correlated their reactivity with their chemical 

structure and concentration. On the basis of these findings, we developed an RhNPs-based 

assay that enable to obtain a “fingerprint” of the total phenolic content of tea samples. The 

results of the RhNPs-based assays correlated satisfactorily with the Folin-Ciocalteu assay that 

is commonly used to assess the phenolic content of natural products.  
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In general, soils are mostly exposed to trace metal contaminants because they are the 

largest receiving body among the other components of the ecosystem (1). The natural trace 

metal concentration of agricultural lands usually is dependent on the composition of parent 

rocks. On the other hand, trace metal contamination of agricultural soils originates from 

anthropogenic sources, such as amendments of sewage sludge, high fertilization, emissions 

from industrial activities and traffic, particularly when agricultural land extends at the margins 

of highways. The relationships between the trace metals in environmental samples and different 

geochemical fractions of the soils components basically depend on the physicochemical 

conditions encountered in the environment (2). The present study was initiated to examine the 

relationships between soil properties and different fractions of Cd, Cu, Ni, Pb and Zn in 

roadside agricultural soils along two major highways of the Metropolitan city of Athens in 

Greece. Samples were collected from roadside agricultural soils located in ten sites in the 

vicinity of two major highways in Greece. Five sites were selected from the National Road 

Athens-Lamia. Another five sites were selected from the Attiki Odos highway, leading to the 

Athens International Airport. The modified BCR (former European Community Bureau of 

Reference, now Standard Measurement and Testing) sequential extraction procedure was 

employed to determine the fractions of Cd, Cu, Ni, Pb and Zn in the soil samples (3). Trace 

metal contents were separated into four fractions, the acid soluble, reducible, oxidizable and 

the residual fraction. Pearson correlation was applied to current data to identify the 

relationships between soil physicochemical properties (pH, soil organic matter content, 

calcium carbonate content and clay content) and the amount of metals in each fraction. Current 

findings reveal that soil organic matter and calcium carbonate contents were significantly 

correlated with the fractions of trace metals in soils. Generally, positive relationships between 

soil organic matter and especially oxidizable fraction of metals (except for Ni) indicated that 

organic structures may have formed complexation with metals depending on the soil organic 

matter contents. Thus, increased contents of soil organic matter constitute a critical host and 

accumulation medium for metals. 
 

Keywords: Sequential Extraction, Roadside Agricultural Soils, Soil Properties, Trace Metals 
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Honey itself exhibits antioxidant property which is attributed to its polyphenolic 

content, and holds very important place in our diet for this reason. In this work, in order to 

analysis the honey samples consuming locally, the Microtiter Plate Reader (MPR) apparatus 

[1,2] were used. Each microtiter plate has 96 wells, and thus in comparison with a routine 

spectrophotometric analysis; it is obvious that we can measure absorbances 96 times more 

rapidly. We can also consider this as time and sample savings since only 300 µL aliquots of 

sample solutions are placed in the wells, as shown in Figure 1. 

In this study, feasibility of the analysis of polyphenolic substances in a variety of honey 

samples consumed in Bolu, have been examined by "Microtiter Plate Reader". As the very 

rapid measurements can be performed by means of Microtiter Plate Reader and can be studied 

within very small volumes of samples a suitable highly reliable and practical analytical 

procedure for routine analysis of the polyphenolic substance contents are introduced. 
 

We determined the antioxidant activities and amounts of the total polyphenolic 

substances of seven different honey examples consumed in Bolu by using 2,2-diphenyl-1-

picrylhydrazyl hydrate (DPPH) [3,4,5] and Folin-Ciocaltaeu [6] reagents, respectively. 

However, the most important and biggest difference here is that the measurements are made 

not in the normal spectrophotometer but on a Microtiter Plate Reader (MPR) device. We clearly 

demonstrated the potential analytical applications of microtiter plate reader for the honey 

analyses. Microtiter plates and readers are essential equipment in all life sciences and analytical 

laboratories, and since the microtiter plate reader can provide high sample throughput (96 

samples in less than 5 min), this method should be attractive to many researchers and quality 

control chemists who need to analyze the honey samples. 

 
Figure 1. An example for Microtiter Plate 

 

Keywords: Microtiter Plate Reader, Honey, Polyphenolics. 
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Approximately a million different pollutants including heavy metals are being released 

to the global environment by means of industrial processes [1]. This kind of metal ions can be 

either essential or toxic to human beings and their determination is therefore of tremendous 

interest. Heavy metals are defined as metals of a density higher than 5 g/cm3 [2]. They occur 

as pure elements, as ions and complexes. Heavy metals are being brought into the environment 

by human activities. 

In this study, usabilities of polymeric films in microtiter plate formate (MPR) for the 

determination of several heavy metal ions have been examined. We have used Microtiter Plate 

Reader (MPR) method [3,4], due to its advantages over other spectrophotometric sensing 

systems. Since very quick determinations can be made in MPR apparatus, it is possible to run 

a great number of measurements in a very short time for each determination. Each microtiter 

plate has 96 wells, and thus in comparison with a routine spectrophotometric analysis it is 

obvious that absorbances can be read out 96 times more rapidly. In addition, this method is 

sample saving since only 300 µL aliquots of sample solutions are placed in the wells. On the 

other hand, coating the uniform films on the glass slide is too difficult for normal 

spectrophotometric studies. In the MPR method, the films can be prepared so uniformly by 

casting 10 µL into each well (Figure 1). Other methods require high cost analytical instruments. 

The potential analytical applications of ion sensitive microtiter plate-formate optodes 

(MPOs) for the measurement of some heavy metal ions were clearly demonstrated.  Microtiter 

plates and readers are essential equipment in all life sciences and analytical laboratories, and 

since microtiter plate-format optodes can provide high sample throughput, this new method 

should be attractive to many researchers and quality control chemists who need to measure low 

levels of analytes. As a result, it may also be considered as too much appropriate for the routine 

analysis. 

    
Figure 1. An example for Microtiter Plate. 

Keywords: Microtiter Plate Reader (MPR), Optical Sensors, Polymeric Films. 
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Groundwater is a major source of water for domestic, industrial and agricultural uses 

in many parts of word as well as Turkey where arid environments are common. The distribution 

of freshwater resources is often highly skewed. Groundwater is the major source of municipal, 

industrial and agricultural water in both urban and rural Gaziantep as well as other parts of 

Turkey, due to the scarcity of surface water. Because of the high demand for groundwater in 

multiple applications, there is a substantial risk of overexploitation and resource degradation. 

Water chemistry is an important factor in determining how the water will be used for domestic, 

irrigation or industrial purposes, and/or how the water must be treated before use.  

Limestone (CaCO3) was the most common mineral in the study area, with a magnesium 

limestone variant, dolomite (CaMg(CO3)2), being found at substantial levels in some locations. 

Given the predominance of limestone and dolomite, it is not surprising that groundwater cation 

chemistry is dominated by Ca2+, with Mg2+ being a dominant feature in some groundwater 

samples. Bicarbonate (HCO3
-) was the dominant anion throughout the collected samples, 

yielding the major dissolved ion forms of Ca(HCO3)2 and Mg(HCO3)2. In some locations 

HCO3
- was overshadowed by SO4

2- or NO3
-, resulting in the dissolved forms of MSO4 and 

M(NO3)2 where the total alkaline earth metal ion (Ca2++Mg2+: M2+) is at an excess 

concentration of Ca2++Mg2+ over HCO3
-.  

There was a strong linear correlation between NO3
- ion concentration and total alkaline 

earth metal ion (M2+) concentration in excess of Ca2++Mg2+ over HCO3
- ([Ca2++Mg2+]-[HCO3

-

]). The limestone-bearing mineral unit serves as an N source to groundwater. Moreover, calcite 

absorbs N species, and provides a permeable structure. Nitrate occurring in the soil as a result 

of natural and anthropogenic activities is expected to react with CaCO3, which aids in the 

transport of NO3
- to groundwater via natural processes. The strong linear relationsships 

between NO3
- and M2+ (R2=0.95) are summarized by the following reaction: 

5CaCO3(s) + (2NH4
+

(aq), 4NO2
-
(aq), 4NO3

-
(aq)) + 6H+

(aq) 
 + 6O2(g) → 5Ca2+

(aq) + 10NO3
-
(aq) + 

5CO2(g) + 7H2O 

These data and associated analyses indicate that elevated NO3
- concentrations can be a 

result of both natural and anthropogenic activities, while migration to groundwater sources is 

associated with natural processes that can be explained through examination of geochemistry 

and local hydrology.  

 

Keywords: Groundwater; Hydrochemistry; Major Ion Chemistry; Nitrate Levels; Water 

Quality 
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The definition of heavy metal occurs mostly when environmental problems are seen 

and relatively it is defined as toxic or noxious metal which has got high concentration and even 

in low concentration. Metals which are more than 60 metals such as lead, cadmium, chrome, 

iron, cobalt, copper, nickel, mercury and zinc are involved in this group. That some of heavy 

metals in soils such as Cd, Cr, Cu, Ni and Zn have got too much concentration causes that 

natural water and territorial ecosystems are destroyed [1]. Some of heavy metals are important 

micro-elements for poor plants; but high dosages prevent that most of plant species grow and 

can cause metabolic irregularity [2,3].  

The main goal of this study is to determine on the amount of heavy metals such as As, 

Bi, Cd, Co, Cu, Cr, Mn, Ni, Pb and Zn in soils collected from agricultural areas of Karaman. 

Our province, Karaman has got quite important place in agricultural area. It is thought that 

some of heavy metal will accumulate in soils with the effect of environmental factors. It is very 

important to research this subject in terms of living creatures and human life.  Soil samples 

have been taken from Karaman city center and various towns. The desiccated soil samples are 

made solution as the processes of solubilisation are applied. Samples have been assessed on 

whether there is pollution or not as they are measured by AAS method in terms of heavy metal 

contents. Results have been compared with standard values and it has been found in centers 

where the measurement has been done that the mean concentration of Cu and Ni elements is 

high; Zn is low and Cd, Co, Cr, Mn and Pb are normal.   

 Keywords:  Heavy Metals, AAS, Soil Pollution. 
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Abstract 
A cross-linked polystyrene based resin with tris(hydroxymethyl)aminomethane 

functional groups was synthesized and characterized. The sorption behavior of the resin was 
investigated using a batch system. 
The resulting polymeric sorbent has been demonstrated to be an efficient and regenerable 
specific sorbent for removal of boron in parts per million (ppm) levels. Kinetics of boron 
sorption and regeneration of the polymer was investigated. 
 

Keywords: Boron Removal, Polymeric Sorbent, Adsorption 

 

Introduction 

 
Many industries use boron compounds as their raw materials. Their uses are in the 

production of fiberglass insulation, borosilicate glass, and detergents.Also, they are used in 
fertilizers, nuclear shielding and metallurgy [1]. 

Boron compounds are present in small amounts in seawater (5 ppm) and some in 
mineral waters. Although small quantities of boron are vital for the growth of plants and 
vegetation, elevated levels of boron may be injurious and even lethal to living organisms [2]. 
Boron contamination is a serious threat to crops as they are very sensitive to high levels of 
boron in the irrigation waters [3].  

For boron removal, main processes that have been studied are: (1) precipitation–
coagulation, (2) reverse osmosis, (3) electro dialysis, (4) solvent extraction, (5) membrane 
filtration, and (6) adsorption (including ion exchange adsorption) [4,5]. Among these methods, 
adsorption is a very useful and economical technique at low boron concentration [4-6]. 

Molecules with three or more hydroxyl functions tend to bind boric acid tightly by 
forming either neutral boron ester or borate complex anion with a proton as counter ion. A 
typical example of boron selective resins that is early reported is Amberlite IRA 743, prepared 
by the condensation of N-methylglucamine with cross-linked chloromethylated polystyrene 
[7]. 

In this study, tris(hydroxymethyl)aminomethane  was interacted with PVBC resin to 
obtain boron selective sorbent.  

The obtained sorbent has been demonstrated to be an efficient sorbent for removal of 
boron. In this study, the kinetics of boron sorption and regeneration conditions of the sorbent 
has been investigated. 
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Materials&Methods 

 

Materials 

Polyvinyl benzyl chloride (Aldrich), ethyleneglycole dimethacrylate (EGDMA), 

Sorbitol (Fluka), Boric acid (Fluka) and all the other chemicals, solvents utilized were 

analytical grade commercial products. 

Preparation of polyvinyl benzyl chloride (PVBC) resin 

Crosslinked PVBC microspheres were prepared by suspension polymerization 
according to the literature. The details are as follows: 
VBC (5.0 mL, 31.9 mmol), EGDMA (1.5 mL, 7.8 mmol), and AIBN (0.12 g, 0.71 mmol) were 
dissolved in toluene (7.2 mL). The resulting solution was dispersed in an aqueous medium, 
prepared by dissolution of PVA (0.25 g) in water (80 mL). The polymerization was carried out 
in a magnetically stirred glass flask (100 mL) at 78 °C for 8 h. After polymerization, the PVBC 
microspheres were washed exhaustively with ethanol, and then with water, to remove the 
diluent and unreacted monomer. They were subsequently dried in vacuum at 50 °C. The 
microspheres were sieved and a proper size fraction (200-500 µm diameter) was isolated. 

Modification of PVBC with tris(hydroxymethyl)aminomethane   

PVBC resin (5 g.) was added portion wise to a stirred of , 
tris(hydroxymethyl)aminomethane  4 g in 2-methyl pyrrolidone (NMP) 30 mL at 0 oC. The 
mixture was shaken with a continuous shaker for at room temperature. The reaction content 
was poured into water (500 mL), filtered and washed with excess water and methanol 
respectively. The EP-PS resin dried under vacuum at room temperature for 24 h. The yield was 
7 g. 

Determination of the Boron Loading Capacity of Sorbent. 

The capacity of the sorbent was determined by batch method as follows: 0.1 g of the 
sorbent sample was mixed with 10 mL of H3BO3 solution (0.49 M) and was stirred for 24 h at 
room temperature. For the determination of residual boric acid content of the filtrate, 2 mL of 
the filtrate was mixed with 10 mL of 0.50 M D-sorbitol solution and titrated with 0.1 M NaOH 
solution in the presence of phenolphthalein as a color indicator. Boron sorption capacities of 
the resin were also studied by using different boron concentration.  

Boron Sorption Kinetics of Sorbent 

0.1 g of the sorbent was soaked into 5 mL of water and left for 2 h. Then, 90 mL of 
H3BO3 solution (1.0×10−3 M) was added to the wetted sorbents at room temperature. The 
mixture was stirred with a magnetic stirring bar. 3 mL of aliquots were taken and transferred 
to sample-bottles at appropriate time intervals using a filter paper. The carminic acid method 
was used to determine boron content of the solution (λ=585 nm) [8].  

Desorption of the Boron from Loaded Sorbent.  

Acid leaching method was used for desorption of the boron as follows: Loaded sorbent 

sample (0.1 g) was left in contact with 3 mL of water for 4 h. 10 mL of 2.0 M HCl solution 

was added and stirred at room temperature for 24 h. After filtrating, 2 mL of the filtrate was 

titrated with 0.1 M NaOH solution in the presence of phenolphthalein indicator. At the end of 

the neutralization of the excess HCl, 10 mL of 0.5 M D-sorbitol solution was added to the 

mixture.  
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Results&Discussion 

In this study, crosslinked PVBC resin was prepared by using suspension polymerization 
method in the presence of toluen as porogen and AIBN as initiator at 70°C for 8 h . The PVBC 
resin was reacted with tris(hydroxymethyl)aminomethane  to obtain tris hydroxy amine 
functions (Scheme1).  
 

+

HO
NH2

HO

HO

N

OH

OH

H
OH

CH2 ClPP

CH2PP

 

Scheme1.Preparation of the resin 

Boron Sorptions 

Boron sorption experiments were performed depending on different boron 
concentrations (Table 1). Hydroxyl functions incorporated into the polymer structure act as 
chelating agent for boric acid, by forming cyclic boron esters. Boron loading capacity of the 
sorbent is 2.62 mmol g-1 in non-buffered conditions. According to Table 1, boron sorption 
capacity depends on boron concentration and loading capacity of the resin increases with 
increasing boron concentration. 

 

Table 1. Maximum boron sorption capacities of the resin. 

Concentration  

(M) 

Boron Sorption Capacity  

(mmol/g) 

0.12137 0.44 

0.24275 1.15 

0.36413 1.50 

0.4855 2.62 

 

Also, boron sorption capacities of the resin was investigated in the presence of foreign 

ions such as Mg2+ and Ca2+  and capacities do not change drastically (Table 2). 

 

Table 2. Maximum boron and ion sorption capacities of the resin 

H3BO3 (M) 
Ion 

(0.14M) 

Boron capacity 

(mmol/g) 

Ion Capacity 

(mmol/g) 

0.485 Mg2+     2.17 0.24 

0.485 Ca2+    1.67 0.24 

- Mg2+     - 0.98 

- Ca2+    - 0.69 

 

Boron Sorption Kinetics of the Resin 

Batch kinetic experiments were performed by using highly diluted boric acid 
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solutions. The concentration–time plots were used in Figure 1.  

 

The kinetics of sorption is an important aspect of the process control of removal of 
pollutants. As shown in Fig. 1, there was a rapid uptake kinetics and adsorption equilibrium, 
which would be attained within about 60 min. 
 

Conclusion 

In this work, tris hydroxyl modified PVBC polymeric sorbent was synthesized to 

prepare an alternative adsorbent for removal of boron from wastewater. The desorption 

capacity of the sorbent was found as 2.0 mmol g−1. Desorption experiment was conducted with 

regenerated resin again and the sorbent was desorbed completely. 
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Minerals are required for many biological functions in the body. Therefore, providing 

an appropriate diet especially in growing period of children is important and low intake or 

bioavailability of nutrients may cause body function impairment.1,2 Although breast milk is 

recommended for the first 6 months of life of infant, it may  not sufficient alone to meet the 

increasing nutritional requirements.3,4 So, various commercial infant complementary foods 

mostly contain fruits, vegetables or cereals and in powder, liquid-concentrate and ready-to-feed 

forms are intended for consumption from the beginning of some periods of life depending on 

the pediatric guidelines.3-5 

Infants consume more food than adults relative to their body weight. On the other hand, 

essential micronutrients can be toxic when taken in excess.6 Therefore, elementel content of 

baby foods together with the amount of the available fractions for absorption in the body are 

crucial factors. In our study, total concentrations and bioaccessibility of some essential and 

trace elements in commercial baby complementary foods were determined by inductively 

coupled plasma mass spectrometer after using response surface methodologies. Enzymatic in 

vitro digestions were performed by consecutive pepsin and pancreatin enzymes at pH 1.9 and 

6.9, in respectively to simulate the stomach and the intestine conditions. A five-level, three-

factor central composite design, consisting of 20 runs with six replicates of the central points, 

was applied  to optimize and evaluate the sample, pepsin and/or pancreatin amounts and sample 

dilutions on the bioaccessibility of selected elements using the Design Expert software. Rice 

flour and baby food composite certified reference materials analysis were applied to optimize 

the digestion parameters and evaluate the accuracy of the optimized method. Interferences were 

screened by analyzing the certified reference materials and monitoring different isotopes of 

elements. Finally, bioaccessible data with improved quality were used for the risk assessment 

of baby foods. 
 

Keywords: Baby Food, Essential Elements, Bioaccessibility, ICP-MS. 
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Approximately 60% of the world production of nickel ores is obtained from sulphide 

ores and the rest from nickel laterites. Due to rapid growth of nickel consumption and the lack 

of sulphide ores, laterite ore has become a major source of nickel1. Complex mineralogy of 

laterite ores and low nickel content leads to difficulties for recovery of nickel directly2. 

Nowadays, as the typical metallurgical methods, the ammonia leaching followed pre-treatment 

roasting-reduction and the high pressure acid leaching are used to process nickel laterite ores3. 

This work is aimed to describe the atmospheric sulphuric acid leaching characteristics 

of Uzunpınar (Kayseri, Turkey) laterite ore4. The leaching of nickel from laterite ore was 

investigated by using response surface methodology (RSM). Central composite design (CCD) 

combined with RSM was used to examine and optimize the effects of leaching parameters. The 

quadratic model was defined by three independent variables (initial acid concentration, 

temperature and ore/acid ratio). The significance of the effects was checked by ANOVA and 

the optimum values of the selected variables were found. According to the statistical analysis, 

the temperature played the most significant roles in the leaching of nickel. The nickel recovery 

determined as 99.96% by the model was experimentally found as 97.99%±1.83 (N=3) in the 

acceptable level. 

Analysis of nickel in the leached solutions was carried out with calibration curves and 

standard addition techniques by flame atomic absorption spectrometry. Two analytical 

techniques were compared statistically. In addition, to determine the precision of the calibration 

curve and the accuracy of the standard addition technique were investigated. These techniques 

were first applied to real samples using the RSM approach and received good results and were 

validated. 
 

Keywords: Calibration Curve Technique, Leaching, Nickel, Response Surface Methodology (RSM), 

Standard Addition Technique. 
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Milk is the most valuable drink for adults and babies. Milk serves as the source of 

macronutrients such as protein, lipids and carbohydrates and micronutrients such as minerals, 

vitamins and enzymes1-2. In this study, the effect of dietary olive pellets on nutritional value of 

raw goat milk were investigated by elemental fractionation and fatty acid analysis. 

Experimentally, previously suggested sequential fractionation procedure was applied on milk 

samples and lipid, protein and serum fractions were separated. The elements Fe, Cu, Zn, Mn, 

Mg, Ca, Cr, Ni, Mo, Al, Ba, Pb, Sn, V, Co and Cd were determined by inductively coupled 

plasma optic emission spectrometry (ICP-OES) in separated fractions. The elements Ca, Mg, 

Mn, Ba, Mo and Zn were mainly found in serum fraction. On the other hand, Fe and Cu was 

predominantly bounded to protein fraction. Fatty acid profile of the milk samples were 

determined using gas chromatograph. The results demonstrated that feeding the goats with 

olive pellets increase the MUFA and PUFA contents in milk. Correspondingly, principal 

component analysis was showed that, milk samples of basal diet fed and olive pellet fed goats 

were separated into two groups. Accordingly, milk of basal diet fed goats was rich in SFA and 

medium chain FA and milk of olive pellet fed goats were rich in PUFA, MUFA and long chain 

FA. 
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Retinoic acid (RA) is a metabolite of vitamin A (retinol) that mediates the functions of 

vitamin A required for growth and development. During early embryonic development, retinoic 

acid generated in a specific region of the embryo helps determine position along the embryonic 

anterior/posterior axis by serving as an intercellular signaling molecule that guides 

development of the posterior portion of the embryo [1].  

In this study, Cu(II) complex of RA was synthesized and characterized via 

spectroscopic and analytical techniques. The thermal behavior of the complex was also 

analyzed. The electrochemical properties of complex have been analyzed by cyclic 

voltammetry using glassy carbon electrode. The biological activities of the compounds were 

evaluated through examining their capacity to bind to fish sperm double strand DNA 

(FSdsDNA) with absorption spectroscopy. Absorption studies of the interaction of the RA and 

its Cu(II) complex with FSdsDNA have indicated that these compounds could bind to 

FSdsDNA, and the binding constants were calculated.  

 

 

Keywords: Characterization, electrochemical properties, DNA binding 

 

Acknowledgments: The authors wish to thank TUBITAK (Project No: 112T721, COST/CM1105) 

for the financial supports. 

 

References: 

1. G. Duester, Cell, 2008  134(6): 921–31. 

  

 

 

 

 

 

 

 

 

 

 

 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

349 

 

P3-66 

Spectrophotometric Methods for The Calculation of DNA Binding of Metal 

Based Drugs: Recent Trends and Developments 

 
Ayşegül Gölcü, Mustafa Çeşme 

 

Department of Chemistry, Kahramanmaraş Sütçü İmam University, 46100 Kahramanmaraş, Turkey 

E-mail: mustafacesme@msn.com 

 

Spectrophotometry is a mighty analytical technique that is increasing in benefit in the 

DNA binding studies. Spectroscopic techniques employ light to interact with matter and thus 

probe certain features of a sample to learn about its consistency or structure. Light is 

electromagnetic radiation, a phenomenon exhibiting different energies, and dependent on that 

energy, different molecular features can be probed. Spectrophotometric techniques are used as 

an alternative or complementary technique to electrochemical and separation techniques due 

to its high sensitivity, speed of analysis and sample consumption, and low operating cost 

compared to other analytical methods. These techniques are the principal method for evaluating 

quantity and quality of nucleic acids. In aqueous solution, DNA has maximal absorbance near 

260 nm with an extinction coefficient of 50; protein absorbs light strongly near 280 nm. This 

study gives recent DNA binding studies used for each techniques of spectrophotometry. This 

study will also describe recent developments for DNA binding studies of metal based drugs, 

DNA types, and kind of. Selected studies on these subjects are given as examples [1,2]. 

 

Keywords: DNA, binding constant, spectrophotometry 
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Zinc ion, as an essential bioelement for the vital functions of the organism, are located 

in many metabolic processes, such as gene expression, DNA synthesis, enzymatic catalysis, 

hormonal storage/release, neurotransmission, memory, eyesight, healing and growth.The aim 

of study was to develop and validate a spectrofluorometric method based on the selective 

displacement of manganese from Mn2(Zinpyr-1) nanocomposite by zinc that allows zinc 

detection has been developed in pharmaceutical products. 

9- (o-Carboxyphenyl) -2,7-dichloro-4,5-bis [bis(2-pyridylmethyl) -aminomethyl] -6-

hydroxy-3-xanthanone (Zinpyr-1) was synthesized and characterized by 1H-NMR and C13-

NMR and FT-IR analysis. The manganese ion was formed an orange-red colored complex with 

Zinpyr-1 in the pH:7. The Mn2(Zinpyr-1) complex was decreased the fluorescence intensity of 

Zinpyr-1 that shows emission at 529 nm (ex:490 nm). The composition of the complex was 

found 1:2 as revealed by a fluorescence Job’s plot and mole ratio plot. Kd values of 

Mn2(Zinpyr-1) are greater than Zn2(Zinpyr-1). So, manganese by zinc ions is displaced 

thermodynamically. 

 

 Different concentration (0-22 μM) of zinc ion at pH 7.0 was added on the Mn2(Zinpyr-

1) (10 μM) and the linear calibration range was in the concentration range of 0–20 μM for zinc 

ions at 523 nm. The optimized method was successfully applied to the determination of zinc 

ion in pharmaceutical formulations and obtained results found to be in good agreement with 

the label claim.  

Keywords: Zinc, Zinpyr-1, Manganese-Zinpyr-1 Complex, Pharmaceuticals, Spectrofluorometry 
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P3-68 
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Vibrational spectra of Mg2KH(PO4)2·15H2O and Mg2KH(AsO4)2·15H2O and their 

partially deuterated analogues were recorded and analyzed. Compounds of the type 

Mg2KH(XO4)2·15H2O (X = P, As) are a rare case of phosphate and arsenate salts containing 

dimer [H(XO4)2] units in the crystal structure. The spectral picture of these compounds very 

much resembles the one observed for struvite type compounds with the formula 

MIMIIPO4·6H2O (MI = NH4, K, Rb, Cs, Tl; MII = Mg, Ni), MgNH4AsO4·6H2O and 

KMgAsO4·6H2O. This means that vibrations of the symmetric [H(ХO4)2] dimers have a 

relatively small part in the general spectral appearance. It was found that in the vibrational 

spectra of Mg2KH(AsO4)2·15H2O both ν1(AsО4) and ν3(AsО4) modes have practically the 

same wavenumber around 830 cm–1. In the vibrational spectra of the hydrogendiphosphate 

compound, the band at around 550 cm–1 could be attributed to the ν4(PО4) modes. This band is 

shifted to lower wavenumber with increasing deuterium content and seems to disappear, 

similarly as in the case of other phosphates with struvite type of structure. This behaviour could 

be a result of coupling of the ν4(PО4) vibrations with some other modes, most probably HDO 

and/or D2O librations. Studying this type of compounds is interesting since they belong to the 

so-called “zero dimensional” hydrogen bonded compounds and may be considered as potential 

proton conductors. 

 

Keywords: Mg2KH(PO4)2·15H2O; Mg2KH(AsO4)2·15H2O; Raman; Infrared; Symmetric 

Dimer Units 
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P3-69 
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The thermal hydrolysis of hydrated magnesium salts is an important process which is 

applied in different industries. Particularly, the thermal hydrolysis of magnesium iodide 

hydrates is one of the steps of the magnesium-iodine cycle for thermochemical production of 

hydrogen. In this regard the detailed investigation of the thermal behavior of magnesium iodide 

hydrates is of great importance. In contrast to other alkaline halogenide hydrates, which have 

been the subject of thermo-analytical investigations identifying various decomposition 

products, magnesium iodide hydrates are only briefly studied.  

In the present contribution special attention is paid to the thermal and spectroscopic 

characterization of MgI2·8H2O which is the stable hydrate at room temperature. For more 

precise and deep description of the processes occurring upon heating of MgI2·8H2O we have 

apply simultaneous TG/DTA/Mass spectrometry technique identifying the gases evolved 

during the thermal decomposition at different heating rates. We have established that the 

thermal decomposition of MgI2·8H2O is a complex process that occurs in two main stages. In 

the first stage (120 and 275 ºC) the salt undergoes a hydrolytic decomposition with the 

formation of a basic product, magnesium hydroxyiodide. The termogravimetric data evidence 

that magnesium hydroxyiodide has non-equimolar ratio of the hydroxyl group and iodine, 

Mg(OH)1.44I0.56, in contrast to the well-known Mg(OH)Cl. According to TG/DTA 

Mg(OH)1.44I0.56 is obtained as a result of three-step dehydration process with formation of 

intermediate lower hydrates: MgI2·6H2O and MgI2·2H2O. Thus obtained Mg(OH)1.44I0.56 is 

further decomposed completely to MgO in a single step between 290 and 400 ºC (second main 

stage). This scheme of the thermal decomposition of MgI2·8H2O is confirmed by the mass 

spectrometry data for the gases evolved: H2O, I2, HI and H2. Based on TG/DTA/Mass 

spectrometry data a detailed scheme of thermal decomposition of MgI2·8H2O is proposed. The 

infrared spectra of MgI2·8H2O and deuterated analogues at room and liquid nitrogen 

temperatures are also presented and interpreted.  
 

Keywords: Magnesium Iodide Octahydrate, Thermal Decomposition, Thermal Hydrolysis, IR 

Spectra 
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Phosphazene compounds containing –P(X2)=N- units is interesting class of inorganic 

compounds. They can be converted to functional materials as a result of the nucleophilic 

reactions of labile halogen atoms in their structure with the nucleophiles such as alcohol, 

amines and phenols. In the recent years, cyclotriphosphazene platform has been used as core 

for the preparation of multi centered probes for ionic species [1-4].  

In this study, we synthesized two probe containing cyclotriphosphazene core and six 

active centers for the anion recognition. For this purpose, hexakis(4-

aminophenoxy)cyclotriphosphazene compound was reacted with 4-nitropheylisocyanate and 

4-nitrophenylisothiocyanate. The obtained fully substituted compounds were characterized 

using spectroscopic techniques such as FT-IR, NMR, Mass and elemental analysis. Then, the 

sensor properties of compounds for anionic species were investigated using UV-Vis 

spectrophotometer (Fig. 1).     

 

 
Figure 1. UV-Vis spectra and digital camera image of urea derivative S1 in the presence of 

different anion 
 

Keywords: Anion Recognition, Sensor, Phosphazene, Urea, Thiourea 
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The Synthesis and Application of New Phosphazene Compound as Highly 

Selective Cyanide Sensor 
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Biologically and environmentally important anions have played a fundamental role in 

a wide range of organic and inorganic systems, and their application in sensing and anion 

transport has gained considerable interest [1]. One of the most interesting anions to monitor 

the cyanide ion (CN-) due to its environmental, biological and industrial importance. Cyanide 

is one of the most toxic and harmful anions to human health and environmental, since it can 

suppress the transport of oxygen [2]. Nevertheless, cyanide ion is widely used in many 

chemical processes such as electroplating, plastics manufacturing, gold and silver extraction, 

tanning, and metallurgy. Therefore sensitive, selective, simple, and affordable sensors for 

cyanide ion are in great demand for various applications [3].  

In this study, we synthesized a new compound as reaction based selective cyanide 

sensor using hexakis(4-formylphenoxy)cyclotriphosphazene as starting material. The 

synthesized compound was structurally characterized using FT-IR, 1H NMR, 13C NMR, 31P 

NMR techniques. Then, sensor behaviors of compound against anionic species were 

investigated by UV-Vis spectrophotometry in acetonitrile/H2O solvent mixture. It was 

determined that compound is an excellent colorimetric and spectrophotometric sensor.  

 

 
 

 

 

Keywords: Phosphazene, Cyanide, Naked-Eye, Sensor 
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Molecularly Imprinted Polymer Nanoparticles for Protein Diagnosis 
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Many efforts have been made to produce artificial materials with bio-mimetic 

properties for application to binding assays. Among these efforts, the technique of molecular 

imprinting has received much attention due to the high selectivity obtainable for molecules of 

interest, robustness of the produced polymers, simple and short synthesis and excellent cost 

efficiency [1]. Molecularly imprinted polymer nanoparticles (nanoMIPs) have the potential to 

be a low-cost and robust alternative to biomolecules such as antibodies, and so are suitable 

tools for assay and sensor development [2].  

In this study, a simple and straightforward technique for coating microplate wells with 

nanoMIPs to develop assays similar to the enzyme-linked immunosorbent assay (ELISA) is 

presented. NanoMIPs are considered to be a robust alternative to antibodies that often exhibit 

batch-to-batch variability, poor performance in non-physiological conditions and, in some 

cases, short shelf life. NanoMIPs were synthesized by a solid-phase approach with an 

immobilized horseradish peroxidase (HRP) (template) and characterized using dynamic light 

scattering, and electron microscopy. Immobilization, blocking, and washing conditions were 

optimized in microplate format. The detection of horseradish peroxidase was achieved in 

competitive binding experiments. Immobilized nanoMIPs were stored longer than 1 month at 

room temperature without any detrimental effects to their binding properties. The high affinity 

of nanoMIPs and the lack of a requirement for cold chain logistics make them an attractive 

alternative to traditional antibodies used in ELISA. 
 

Keywords: Molecularly Imprinted Polymer, Nanoparticle, Molecular Recognition, Protein Imprinting   
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Abstract  

  Objectives of this study were to in vitro determine the antihypertensive activity of peptic 

hydrolysates of fresh beef and pastirma cuts [M. semimembranosus (SEM)]. Antihypertensive 

activity was determined using (ACE) inhibitory activity assay. As a result of this study, the 

hydrolysates of pastirma cuts showed a higher ACE inhibitroy activity than in fresh meat as 

indicated by the IC50 value (1.02mg/ml and 1.46mg/ml, respectively). The inhibition ratio against 

ACE in meat was contradictory to the value exhibited by pastirma, whereas the inhibition ratios 

of both samples were 85.55 and 77.24%, respectively. However, previously [1] we found 

contrasting results that meat showed higher ACE inhibitory activity (0.68mg/ml) than pastirma 

(0.78mg/ml), made from M. Longissimus lumborum (LLU). Based on the data of this work and 

a previous study, it can be suggested that the ACE inhibitory activity of beef is a muscles-based 

that refers to the differences in structure of muscle protein. Additionally, there might be no need 

to process meat to enhance its biological activity. Consequently, fresh meat and pastirma proteins 

might be a good source of ACE inhibitory peptides that serve further nutraceutical purposes. 
 

Keywords: ACE, Hypertension, Pastirma, Hydrolysates.  

 

Introduction 

Generally, meat consumption is related to living standards, life quality, diet values, 

livestock production and consumer ethics, as well as the economy in each country. In 2014, the 

fresh and processed meat consumption/capita in Turkey was 28.2 kg/person [2]. Almost all meat 

is processed in some way before it is eaten. Commercially, the main reasons to process meat are 

to eliminate micro-organisms to extend shelf life and also to improve its organoleptic 

properties. There is a variety of processing and preservation techniques used in meat industry, 

whatever the case, the nutrient value of any meat is often altered either positively or negatively 

by the processing. Some myofibrillar, sarcoplasmic and stroma proteins, enzymes and vitamins 

(B-group and C) are almost always unstable by the kind of processing they undergo. The purpose 

of this paper is to discuss whether it is essential to dry-curing the meat in the form of pastirma to 

enhance its potential lowering blood pressure properties that is measured in vitro. In Turkey, 

pastirma (semi-dry meat product) is most commonly served as thin style slices that are meant to 

be eaten raw as it contain distinctive aromatic profiles that make its delicacy quite remarkable. 

There is a little information on Angiotensin I-converting enzyme (ACE) inhibitory activity of its 

proteins in comparison with fresh meat. ACE is a dipeptidyl-carboxy-peptidase, plays an 

important physiological role in regulating blood pressure [3]. Hypertension means high blood 

pressure (HBP), which is a major disease that strikes the public at different ages due to the genetic 

and or lifestyle related factors. HBP is a serious condition that can lead to coronary heart related 

diseases and death [4]. The greater the ACE activity, the more angiotensin I is converted to 

angiotensin II, which induces high blood pressure [5]. Globally, the WHO reported that the 
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overall prevalence of HBP in adults aged 25 and over was ranged from 30-48% depending on 

gender [6]. We believe that other methods rather than chemical medication should be identified 

in the effort to reduce hypertension in individuals [2]. This article compares the antihypertensive 

activities of both fresh meat and processed meat to determine in which way we should consume 

meat to take advantage of its nutritional and nutraceutical forces. Additionally, this work 

attempted to figure out if ACE inhibitory activity is muscles-based.  

 

Materials&Methods 

Muscles:M. semimembranosus (SEM), (top inside) of fresh and beef pastirma were 

sourced from the same 30 months old cattle bulls (Montofon). SEM muscles were used 48 h 

post-mortem and their pH values before processing was 5.6. Two groups were prepared: one 

group was analyzed as fresh meat while the other group was processed into pastirma. Cuts of 

pastirma were manufactured using a traditional method in a local manufacturer in Kayseri city, 

pastirma making process took one month prior to the experiment, meanwhile the fresh muscles 

were kept at −80 °C. The cuts used for pastirma were covered with a paste of ground spices 

known as çemen during processing [7].  

Digestion process: Fifty gram of each minced sample were mixed with 130 ml of distilled 

water. The mixture was then cooked for 30 min at 70oC.  Cooked samples were digested with 

pepsin and trypsin consecutively for 4 hours after adjustment of pH. The samples were boiled to 

inactivate the enzymes [1]. Eventually, samples were cooled-down to 20oC and fractionated by 

centrifugation (5000rpm/10min) and filtration process by a cellulose membrane filter (0.45µm) 

to yield bioactive peptides [4].  

SDS-PAGE: Proteins extracted from each sample type were electrophoresed on SDS-PAGE 

patterns. Proteins were extracted in different buffers such as 1 M sucrose, 2 M urea, low ionic 

strength buffer (WSP), and high ionic strength buffer (Guba Starub-ATP) [8].  

Determination of the antihypertensive activity: In vitro, the inhibition ratio and IC50 value 

of fractionated proteins were measured using ACE inhibitory activity assay. The samples were 

treated with ACE and its substrate (hippuryl-histidyl-leucine), the resultant is hippuric acid that 

spectrophotometrically determined at 280nm, which is released if there is no complete inhibition 

for ACE [4]. 

 

Results and Discussions 

As a results, pH value of the pastirma samples have not much changed during the process 

when compare to fresh meat. Results also indicate that pastirma process along with the 

enzymatic hydrolysation generated peptides that inhibited ACE activity in vitro. SDS-PAGE 

data indicates major proteins were degraded such as myosin heavy chain (200kDa) and many 

enzymes including: β-galactosidase, phosphorylase B, trypsinogene lactate dehyrogenase, that 

was because of the pastirma making process. Generally, the pastirma-making process increased 

the amounts of proteins extracted by different solutions, implying that the salting and curing 

process had a beneficial effect on releasing further proteins [8]. Figure 1, shows the protein 

bands of original and diluted samples derived from fresh beef and pastirma cuts. Apparently, 

proteins exhibited in meat were not visible in pastirma sample indicating that great degradation 

occurs on pastirma proteins during processing. They were further split down to small peptides 

and free amino acids.  Hybrid hydrolysates of fresh beef and pastirma showed a remarkable 

inhibition ratio against ACE [1]. Beef and pastirma showed inhibition rate against ACE activity 

85.55 and 77.24%, respectively (Fig. 3). In this study both meat and pastirma were found to have 

ACE inhibitory activity perhaps due to a generation of substantial number of peptides as a result 

of protein proteolysis. Hydrolyzed proteins from beef and pastirma showed 1.46 and 1.02mg/ml 

respectively (Fig. 2). However, a research on another muscle (M. Longissimus lumborum) [1] 

showed dissimilar results, as the IC50 value was 0.68 and 0.78mg/ml for fresh meat and pastirma, 

http://www.sciencedirect.com/science/article/pii/S2213453013000128#bib0020
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respectively (Table 1). 
Table 1. Comparison on IC50 and protein concentrations of hydrolysates in Turkish fresh beef and 

pastirma cuts derived from different muscles (Montofon).  

 

Data suggest that the protein activity is highly 

related to the muscle type not necessarily to 

processing method. There might be a slight 

effect on processing the meat, but still the 

muscle type largely contributes to the 

biological activity of meat protein.  The biological activities obtained in this work seemed to be 

compatible to other studies conducted on different muscles. The current results in agreement with 

a previous data that it is not necessarily processing the meat to value its biological activities [1]. 

Apparently, this also demonstrates that meat proteins might lead to better production of peptides 

that minimize hypertension in patients. A concept can be drawn here meat is a source of peptides 

that are effective at preventing hypertension and should be considered instead of the chemically 

based medications. Current food research addresses the extensive links between health and 

nutrition and other scientific disciplines such as protein-engineering technology (pro-eng), 

chemistry of food and bioavailability [1]. To understand how to prevent high blood pressure, first 

it further helps if we know what cause it. Many reasons have been addressed to cause 

hypertension such as: diet rich in salt and fat, stress, smoking, alcohol consumption, inactivity, 

obesity and diabetes, etc. There are 3 ways of minimizing the incidence of hypertension disease 

and they can be split into: medication choice, changing life style option (quite hard) and last to 

make food as oneself medicine. The first option is the easiest but all medicines have side effects 

and the problem that many people do not feel the side effects until consequences can be realized. 

There is only one way to do so that people can prevent any side effects, which can be happened 

through understanding the bio- activity and -availability of meat to take an advantage of its 

potential forces. Nowadays people do not really need much advice because they already know 

basically what they should eat including a variety of foods, whole grains, lean meat, fruits and 

vegetables. They need more scientific evidences to prove that meat is a great commodity that 

may contain nutracetuticals to be used efficiently in preventing the incidences of chronic 

hypertension. This article tries to highlight on meat hybrid proteins as an alternative to prevent 

and minimize hypertension. Results of the current research suggest that meat contains 

biologically and nutritionally active peptides that may reduce chronic hypertension in 

individuals.  

Proteins hydrolysates sourced from Montofon beef have remarkable antihypertensive 

activities. Although many consumers think that pastirma would never be a healthy product due 

to the high salt level it still can provide peptides with great ACE inhibitory activity. Thus, we 

would like to disclose that fresh beef and pastirma have a nutraceutical value that effects 

positively on meat-eating society. Yet, results suggest that fresh beef is richer than pastirma in 

peptides that may provide physiologically functional peptides, thus lowering blood pressure. 

Results of this work may considerably bring more beneficial information for the global meat 

scientists’ society and for the Turkish consumer in particular.  

 

Conclusion 

We suggest meat might have a nutraceutical value that effects positively on the 

chronically hypertensive individuals as exhibited in vitro a considerable blood pressure-lowering 

property, which in turns promotes a healthy society. The ACE inhibitory activity exhibited in 

this study perhaps refer to the coexistence of cyclic, aromatic and sulfur amino acids (Pro, Phe, 

Try, Tyr, Met and Cys) and also to acidic amino acids such as (Arg and Lys) on the hydrolysate 

fragments (peptides). We would like to address that dozens of fresh meat peptides do inhibit the 

Muscle type, B: Beef and  

P: Pastirma 

Protein 

(mg/ml) 

  IC50 

(mg/ml) 

Source 

B: M. Longissimus lumborum 16.68 0.68 [4] 

P: M. Longissimus lumborum 18.27 0.78 [4] 

B: M. Semimembranosus 15.9 1.46 Current 

P: M. Semimembranosus 16.7 1.02 Current 
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action of angiotensin I-converting enzyme (ACE). Therefore, the ACE inhibitory activity is 

muscle-based and possibly not related to the processing. The dry-curing process should not be 

considered to enhance the ACE inhibitory activity. To sum up, manipulation of potential proteins 

derived from meat as pro-drug nutraceutical using pro-eng system to tackle the chronic 

hypertension disease can be achieved to minimize the usage of medicines. 

 

 
 

Figure 1. SDS-PAGE pattern of fresh beef and 

pastirma peptic hydrolysates at three different 

stages of processing.  

Figure 3. In vitro inhibition ratio of ACE as 

effect of peptide activity from fresh beef and 

pastirma cuts (M. Semimembranosus) 
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Synergic and Antagonistic Effects between Boron and Arsenic in Yeast 

(Saccharomyces cerevisiae) Cells 

 
Sezin Atıcı ÖzdemirA,*, Erhan ÖzdemirA, Gülay ErtaşA 

 
A Department of Chemistry, METU, 06800 Ankara 

 

*E-mail: sezin.atici@metu.edu.tr 

Doing deep research of application field of boron in Turkey is an important factor due 

to its rich reserves in our country. While boron can be both essential and toxic depending on its 

concentration level, arsenic shows toxic properties. The possible correlation between the 

uptakes of boron and heavy metals by organisms, in particular uptake of boron and arsenic is 

an important issue to be studied on it when considering high concentrations of these two 

elements at the same time in some regions of Turkey such as Balıkesir-Bigadiç and Kütahya-

Emet [1-2].  

In this study, yeast cells (Saccharomyces cerevisiae) were used as organisms. As(III) 

and/or B(III) were spiked to cells grown in liquid growth media including yeast extract peptone 

dextrose (YPD) to follow arsenic-boron interaction. ICP-OES and ICP-MS results showed that 

significant percentage of arsenic and boron remained in supernatant solutions compared to cell. 

Additionally, cell growth was followed in terms of optical density measurements at 600 nm. 

According to optical density measurements, 9th hour was early logarithmic phase and 24th hour 

was stationary phase. After 9th hour growth period, B and/or As was added to the growth up to 

24th hour. Moreover, yeast cells were exposed to 0.25, 0.50, 1.0 and 5.0 mM B and/or As and 

only at 5.0 mM, when As together with B resulted in less growth in terms of cell numbers.                                     

Little intake of B and As by cells does not mean that biological damage of cells does 

not occur. Therefore, as a future work, examination of DNA of yeast cells will be done to 

observe any possible breaks possibly induced by B and/or As with agarose gel electrophoresis.  

Keywords: Arsenic, Boron, Saccharomyces Cerevisiae, ICP-MS, ICP-OES. 
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Chip-Based Immunomagnetic Separation of Human Chorionic 

Gonadotropin 
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Human chorionic gonadotropin (hCG) is a glycoprotein, and it can be misused by male 

athletes. This glycoprotein affects testosterone production and release in the human body. 

Therefore, the use of this hormone as a performance enhancing drug has been prohibited by the 

World Anti-Doping Agency [1]. In this study, a microchip, which had developed by our group, 

was used for the detection of hCG using both colorimetric and spectrofluorometric 

measurements. For this purpose, gold coated magnetic nanoparticles (MNPs) and gold nanorods 

(AuNRs) were synthesized and modified using different reagents and specific antibody, 

respectively [2]. Then they were used to form in-chip sandwich immunoassay with the hCG for 

colorimetric measurement. The developed microchips consist of four micro-chambers 

connected to each other by microchannels. The first chamber was filled with modified MNPs, 

the second and third chambers were filled with modified AuNRs and washing buffer, 

respectively. The last chamber was filled with 3, 3´, 5, 5´-tetramethylbenzidine (TMB) and 

H2O2, then used for monitoring the color change. The chip process was performed by moving 

the MNPs from the first chamber through the microchannels using a magnet. The first step of 

the process is forming sandwich structure between the MNPs and the horse radish peroxidase 

(HRP) -labelled AuNRs. The second step includes washing the sandwich structure with the 

washing buffer. Finally, the enzymatic reaction between the TMB and H2O2 occurs in the 

presence of HRP in the last chamber, then the color change is observed. To get fluorescence 

signal, this time the second chamber of the microchip was filled with the europium (Eu) 

labelled-anti hCG, the third and last chamber was filled with the washing buffer. Finally, 

measurement was performed in the last chamber following same procedure used in colorimetric 

detection by a spectrofluorometer equipped with a fiber optic prob.  

 

Keywords: AuNRs, Colorimetric Detection, hCG, MNPs, Microchip, Spectrofluorometric 

Measurement 
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Investigation of Some Heavy Metal Extraction Efficiencies of 1-(2-

furoyl)piperazine Substituted Calix[4]arene from Aqueous Solution 
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To extract heavy metal from contaminated water is a substantial task when their toxicity 

and hazardous effects such as lung, dermatological diseases, skin disorder, diarrhea, and 

immunity depression, and etc. to living life is laid on the table [1-3]. Thus, many researchers 

have been paid great attention to this matter, and designed effective extractans/adsorbents [1-

3]. 

 Calixarenes composed of the condensation of phenol and formaldehyde in basic milieu 

have been extensively employed in supramolecular chemistry due to the having a unique three-

dimensional structure with almost unlimited functionalization [4,5]. In view of their fascinating 

scaffold properties, calixarenes have become the one of the most preferred supramolecular 

compounds for removing of toxic and hazardous pollutions from their contaminated sources so 

far.      

In this work, a calix[4]arene derivative was functionalized with 1-(2-furoyl)piperazine 

groups at its 1,3-distal position. Its structure was characterized using FTIR, 1H-NMR, 13C-NMR 

and elemental analysis techniques. Moreover, 1-(2-furoyl)piperazine-substituted calixarene 

derivative was used as an extractant for removing of some heavy metals from aqueous solution.  

 
Keywords: Calixarene, Heavy Metals, Liquid-Liquid Extraction, Host-Guest Interaction. 
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Utilization of Enantioselective Behavior of Encapsulated-Lipase Containing 

a Calixarene Derivative and Fe3O4 Nanoparticles Towards Racemic 
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2-(2-fluoro-4-biphenyl)-propionic acid (flurbiprofen) is a nonsteroidal anti-

inflammatory drug when patient is in pain or in tissue injury inflammation, it is necessity to use 

[1]. However, its enantiomers exhibit different effects, in that case, the enantiomeric resolution 

of flurbiprofen is required [2].  

Lipases are successfully used as catalysts [3] in the hydrolysis of many anti-

inflammatory drugs in order to afford optically pure isomer [4]. However, their reusability 

along with their catalytic as well as enantioselective affinities are quietly low from the aqueous 

solutions [5]. To dissolve this issue, lipases have been encapsulated in the presence of various 

additives such as cyclodextrin, Fe3O4 nanoparticles, celite, chitosan, amberlite XAD 7, and 

calixarene etc. via a sol-gel method [6]. 

Calixarenes synthesized from the condensation reaction of p-substituted phenol and 

formaldehyde have paid a great deal attention in supramolecular chemistry so far [5-7]. Their 

various derivatives substituted with diverse groups at their both rims “upper and/or lower rims” 

have caught many occasions [5-7].  

In this study, a p-nitro aniline-substituted calixarene derivative, bridged with thiourea 

moieties, was synthesized. Its structure was characterized using FTIR, 1H-NMR, 13C-NMR and 

elemental analysis techniques. Furthermore, thiourea-bridged calixarene derivative and Fe3O4 

nanoparticles were employed as additives for the encapsulation of lipase. The encapsulated 

lipase was then used as a catalyst in the racemic resolution of (R/S)-flufbiprofen methyl ester. 
 

Keywords: Calixarene, Enantioselectivity, Fe3O4 Nanoparticles, Candida Rugose Lipase 

Flurbiprofen Pro-Drug 
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Elemental Analysis of Chlamydomonas Reinhardtii Cells exposed to Cd, Ni, 

and Pb 
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Heavy metals are pollutants with increasing impact on the quality of water 

environments. Excessive concentrations of heavy metals can be detrimental for the biological 

systems. On the other hand, phytoplankton is the most abundant living species in the water 

ecosystems and the basis of the food chain. Heavy metals can enter the algae cells, where they 

induce the synthesis of specific proteins (metallothioneins, phytochelatins, heat shock proteins) 

which function in several ways to protect the cells from the toxic effects of these pollutants. 

However, the mechanisms of the protein-metal interactions at the molecular level, as well as 

the structural implications of these interactions are still unclear (1,2,3). 

In this study, three heavy metals, namely cadmium, lead and nickel were added at 

several sub-lethal concentrations to the nutrient media of the model photosynthetic unicellular 

alga Chlamydomonas reinhardtii.  Cells were harvested at the end of the logarithmic phase of 

their growth, and they were washed with a heavy metal-free buffer before their analysis. The 

total accumulation of the different heavy metals at the several pollution levels was determined 

in acid-digested cells by atomic absorption spectroscopy.  The amount of the metals which 

entered the cells through the cell walls was determined by the same technique, after the removal 

of the cell wall-adsorbed metals by chelation with EDTA.  Our data show that the total metal 

accumulation as well as the percentages of the metals adsorbed on the cell walls and those 

entered the cells were metal- dependent and concentration- dependent. 
 

Keywords: Heavy Metals; Algae; Chlamydomonas Reinhardtii; Pollution Assessment 
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The detection of microorganisms has great importance on human life in many fields 

such as in diagnosis, medicine, pharmacy, food industry etc..[1]. Target bacteria detection is 

generally done benefiting from plate counting method. However, this is time consuming 

technique and same procedure should be applied for checking each type of bacteria [2]. In this 

study, a fast and sensitive sandwich assay has been developed with the combination of 

immunomagnetic separation (IMS) and fluorescence techniques to enumerate Escherichia coli 

(E.coli) and Salmonella, simultaneously. Iron oxide core gold shell (Fe3O4@Au) magnetic 

nanoparticles were prepared and modified with biotinylated antibodies specific to E.coli and 

Salmonella. Fluorescence labels have been constructed with specific biotinylated antibodies 

after chitosan coating of CdTe quantum dots (CdTe QDs) and CdTeNi QDs. This novel method 

is rapid and sensitive for multiplex bacteria detection with a total analysis time less than 60 

minutes. 

 

                        
    Figure 1. Fluorescence spectrum of CdTe QDs                         Figure 2. Modified QDs interacted 

                            and CdTeNi QDs.                                                    with E.coli and Salmonella. 

                                                                                                        

 

 

Keywords: Escherichia Coli, Salmonella, Magnetic Separation, Fluorescence Label, Quantum Dot 
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Synthesis and Characterization of Ultra-Small Gadolinium Oxide 

Nanoparticles 
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Ultra-small gadolinium oxide nanoparticles (US-Gd2O3) have been used as contrast 

agents for molecular and cellular preclinical magnetic resonance imaging (MRI) procedure, 

drug targeting, magnetic separation and gene therapy applications. The higher density of 

magnetic ions per contrast agent unit is the main advantage of using a paramagnetic contrast 

agent based on oxide nanoparticles. US-Gd2O3 nanoparticles generate strong positive contrast 

enhancement in T1-weighted MRI. [1, 2, 3]. There are many techniques that have been introduced 

to synthesize gadolinium oxide nanoparticles. In this study, we will try to synthesize US-Gd2O3 

via polyol-like and polyol-free techniques in ultra-small nanosize (<4 nm). Following the 

synthesis, gadolinium oxide nanoparticles will be characterized utilizing X-ray spectroscopy, 

scanning electron microscope (SEM), transmission electron microscope (TEM).  

 

Keywords: Magnetic Resonance Imaging MRI, Contrast Agent, Synthesis, Ultra-Small, Gadolinium 

Oxide, Nanoparticle.  
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The “nano world” has inspired many applications that make use of the new features and 

phenomena observed at the nanoscale [1]. Existing and envisioned applications in many areas, 

including medicine, food, electronics, energy, air pollution, space, and even sports that guides 

humanity and science have been discovered and have been adapted to our life. From the point 

of this view, any kind of research based on nanotechnology has a great deal of attention from 

the scientific community which will present high added value to present situation [2-4].  

This research mainly based on the preparation of new surfaces via in situ formation of 

gold nanostructures. Gold nanostructures were synthesized on the graphite rod electrodes 

decorated with graphene. This synthesis was formed by the reaction between enzyme and 

substrat that exposes hydrogen peroxide which was effective on HAuCl4. The bare graphite rod 

and modified surfaces were characterized by scanning electron microscope, atomic force 

microscope and contact angle measurement. The microscopic characterization results 

confirmed the formation of gold nanostructures.  

The modified surfaces will also be investigated for their applications on the design of 

glucose sensor. 

 

Keywords: Graphene, Graphit Rod Electrode Modified Electrodes, Gold Nanostructures, In 

Situ Synthesis 
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Cancer is the disease that effect too many people today. Unfortunately, for many case, 

reason of cancer is still phenomenon and there has not been any efficient therapy for cancer. 

Now, commonly drug or radiotherapy has been used for cure but their side effect and low 

effectiveness are serious deficiency for treatments. Nanoscience develops methods to overcome 

these deficiencies. Hyperthermia treatment is one of them. In this approach, tumor cells goes to 

apoptosis via heating energy, by helping magnetic nanoparticles [1]. Although functionality of 

magnetic nanoparticles is suitable for this treatment, the most serious difficulty is their toxic 

effect. To overcome this problem, magnetic nanoparticles are coated with nontoxic 

biocompatible materials such as gold, polymer and silica [2].  In this study, different shape 

magnetic nanoparticles will be synthesized by polyol, thermal decomposition and co-

precipation methods and their surfaces will be coated with chitosan [3], [4], [5], [6]. 

Characterization studies will be done using Transmission Electron Microscope (TEM), FT-IR 

Spectrometer, Zeta Potential Measurements Device, Inductive Heating System. 
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and Investigations of Their Biological Activities 
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Nanotechnology has had a great deal of attention from the scientific community as a 

result of unique properties compared to their bulk counterparts of nanostructures. Among them, 

metal nanostructures especially gold and silver have attracted considerable attention in 

catalysis, optics, sensing and imaging [1]. On the other hand nanostructures exhibit also a 

common feature that is based on their biological activities [2]. Because of the emergence and 

increase in the number of multiple antibiotic-resistant microorganisms as bacteria, molds, 

yeasts, and viruses which are effective on human beings, new effective methods that overcome 

the resistances of these microorganisms have been developed by many scientists [3]. This work 

includes the green synthesis of gold nanostructures with different nanoshapes and evaluation of 

their biological activities such as mutagenicity and antimutagenicity performed by Ames test 

and antimicrobial activities carried out by broth microdilution method against standard 

microorganisms which are pathogen for human. Because of having comparison of nanoshapes 

of gold nanostructure and evaluation of their biological activities, this study is original and 

different from the other studies performed with nanostructures.  

Keywords: Gold Nanostructure, Green Synthesis, Mutagenic Effect, Antimicrobial Activity 
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In recent years, the development of efficient green chemistry methods for synthesis of 

metal nanoparticles has become a major focus of researchers and an eco-friendly technique for 

production of well-characterized nanoparticles has been investigated [1,2]. In this study, as the 

basic step of this research, a green, simple and low cost synthesis method of silver nanoparticles 

from walnut was offered. Synthesized silver nanoparticles were characterized by Scanning 

Electron Microscope and the formation of nanostructures was confirmed by UV-Vis 

spectroscopy. Biological activities of silver nanoparticles such as mutagenicity and 

antimutagenicity performed by Ames test and antimicrobial activities carried out by broth 

microdilution method against standard microorganisms were evaluated. Nanoparticles are 

important in the point of being antimicrobial agents against drug resistant pathogenic 

microorganisms. Thus, the development of a reliable green approach for the synthesis of 

nanoparticles is an important aspect of current nanotechnology research. The results of the study 

clearly indicate the promising biomedical applications of synthesized silver nanoparticles. 

Keywords: Silver Nanostructure, Green Synthesis, Mutagenic Effect, Antimicrobial Activity 
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Cationic dyes are basic nature and widely using in textile industry especially for the 

anionic modified polyester type of textiles due to higher water solubility. Spectroscopic 

investigations performed for the analysis and characterization are not specific enough. Because 

of some cardinal features like as adsorption, fastness, durability and coloration are often based 

on electron transfer mechanism, voltammetry is an important option to characterize and for 

specific analysis of these materials.  

In our study, randomly selected from commonly used cationic dyes from Maxilon series; 

red (Basic Red 46), Blue and Yellow (Basic Yellow 28) of paint were investigated.  

The spectroscopic and voltammetric behaviors of these dyes were evaluated comparatively with 

using uv-vis spectrophotometry, cyclic voltammetry and square wave voltammetry techniques. 

In particular, the pH effect was studied and also compared to the calibration graph for making 

quantitative analysis. 
 

 
Calibration curves of Maxilon Red and Blue obtained with Uv-Vis and SWV at pH 8 

Keywords: Electrochemical Characterization, Redox Behaviour, Cationic Dye, c,d  Polyester 
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Many of dyes and auxiliaries used in the textile industry for the same purpose are 

marketed with different trade names. Qualitative and quantitative characterization of these 

substances became important because of their unknown content and action mechanisms. 

Equivalence and characterization testing must be faster, reliably and effortless. Solely 

spectroscopic investigations remains mostly inadequate for this purpose. Voltammetric 

experiments which can be characterized to electron exchange of substances using with classical 

functional and colorimetric assays have a good potential to provide reliable information for 

comparison and applications of new prescriptions preparing. 

For characterization of three cotton reactive dyes, their voltammetric behavior 

investigated and matched with spectroscopic properties. To determination of oxidation and 

reduction characteristic and optical specifications of arbitrary choosed amber, blue and yellow 

dyes in Levafix series studied with square wave voltammetry, cyclic voltammetry and uv-vis 

spectrophotometry in different pHs and concentrations. 

 

 

Oxidation peaks of blue cotton dye (left) and red cotton dye (right) obtained with square wave 

voltammetry. 
 

Keywords: Electrochemical Characterization, Textile Dye Stuff, Redox Behaviour 
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Dopamine (DA), one of the most important catecholamine, plays a significant role in 

the functioning of the central nervous, renal hormonal and cardiovascular systems [1]. Trace 

level measurement of DA has been a long-standing goal since the concentration chance has 

been related with various diseases and disorders, such as Parkinson’s disease, Alzheimer’s 

disease, HIV infection and Huntington’s disease [2-3]. Therefore, several studies have been 

performed for the determination of DA in biological fluids using different analytical techniques 

such as high performance liquid chromatography, gas chromatography-mass spectrometry and 

electrophoresis. Electrochemical methods were also intensively searched for the determination 

of DA because of its electro-activity [4-5]. Electrochemical methods are most promising ones 

because of their advantages such as low detection limits and high selectivity according to 

conventional chromatographic and spectroscopic methods [6-7]. On the other hand, 

electrochemical methods suffer from the overlapped voltammetric responses, poor selectivity 

and low reproducibility of the used conventional electrodes. The modification of these 

electrodes with different substances is a very effective way to overcome these problems. 

In this study, the preparation of a modified pencil graphite electrode for the selective 

determination of DA in human blood serum and pharmaceutical samples have been performed. 

The modified electrode has been preapred by electropolymerization of pyrrole-3-carboxylic 

acid on electrochemically treated PGE. It was observed that the prepared modified electrode 

showed high affinitiy and selectivity towards DA. The characterizations of the prepared 

modified electrode were performed by scanning electron microscopy (SEM), cyclic 

voltammetry (CV) and electrochemical impedance spectroscopy (EIS) measurements. SEM 

analysis revealed that the prepared poly(pyyrole-3-carboxylic acid) showed cauliflower 

structure. It was observed that the prepared modified electrode can selectively discriminate the 

voltammetric responce of DA from that of common electroactive interferences. Finally, the 

analytical application of the prepared modified electrode was tested in real samples (human 

blood serum and pharmaceuticals). 
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Ascorbic acid and its sodium, potassium, and calcium salts are commonly used as 

antioxidant food additives. These compounds are water-soluble and, thus, cannot protect fats 

from oxidation: For this purpose, the fat-soluble esters of ascorbic acid with long-chain fatty 

acids (ascorbyl palmitate or ascorbyl stearate) can be used as food antioxidants. Eighty percent 

of the world's supply of ascorbic acid is produced in China [1]. By virtue of its biological 

importance, it is vital to develop a sensitive and selective method for quick and reliable 

determination of AA in various samples like drug, beverage and biological matrices. To meet 

this need, we have focused on to develop voltammetric method by using novel clay modified 

carbon paste sensor (SC/CPE). Therefore, differential puls adsorptive stripping voltammetry 

(AdsDPV) technique was developed for determination of AA on proposed sensor.  

 

Electrochemical stripping methods have some advantages of being relatively less 

expensive, highly sensitive and they provide low limit of detection (LOD). Therefore, 

electrochemical stripping methods are becoming more popular as alternative methods in 

pharmaceutical formulations and biological samples [2-3]. Electrochemical oxidation behavior 

of AA was examined by using cyclic voltammetry on SC/CPE and other experimental 

parameters such as pH, composition of sepiolite clay, deposition time and deposition potential 

were optimized. Under optimized conditions the calibration graph was established and linear 

working range was identified with in the range of 0.014-0.9 µM and also limit of detection 

(LOD) and limit of quantification (LOQ) values were calculated as 0.0042 µM and 0.014 µM, 

respectively. These results are comparable with literature data’s. The method was applied 

successfully to different real samples. The recovery results are very close to 100%. 
 

 
 

Fig1. Molecular structure of ascorbic acid 
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Vanilin (4-hydroxy-3-methoxybenzaldehyde) is a phenolic aldehyde. It is produced 

from three different plant species belonging to the geneus Vanilla. Vanillin is used in foods, 

beverages, pharmaceuticals, perfumes and also in the production of derivative chemicals [1]. 

Vanilin contents of processed food is an important issue because, excess amount of vanillin is 

known to induce headaches, qualm, retching and adverse effects on liver and kidney functions 

[2].  

Electrochemical techniques for vanillin assay are established and have proven to be cost 

effective, fast and highly sensitive. Non-destructive nature and extremely low sample 

consumption is another facet of the techniques making them preferable [3]. Here, we focus on 

a novel voltammetric sensor, combining sepiolite clay, TiO2, multiwall carbon nanotube and 

carbon paste in various proportions and use it for the electrochemical oxidation of vanillin. The 

anodic signal obtained by adsorptive stripping square wave voltammetry was used as the basis 

of a sensitive and reliable electroanalytical method for the determination of the compound. The 

voltammetric method developed was applied to vanillin assay in real samples. The working 

range, sensitivity, stability, and selectivity against some possible interference were investigated. 

A composite electrode comprising sepiolite clay/TiO2/multiwall carbon nanotube and 

carbon paste (SC/TiO2/MWCNT/CPE) was developed and used for the voltammetric 

quantitative analysis of vanillin (VAN) in processed food. Adsorptive stripping square wave 

voltammetric (AdsSWV) method was employed. The effects of pH, ratios of electrode 

ingredients, accumulation potential and accumulation time were investigated. The optimum pH, 

accumulation potential and accumulation time are 7.0, 0.0 V and 60 s, respectively The 

electrode exhibited a linear working range of 3.0×10–7 – 9.0×10–5 mol L–1 and a detection limit 

of 2.26×10–8 mol L–1 for VAN. The sensitivity and selectivity in the presence of glucose, 

ascorbic acid, citric acid, Na+, Ca2+, Mg2+, Al3+, K+, Fe2+, Cu2+, Zn2+, Pb2+ Cl–, and NO3
– were 

found to be satisfactory. The electrode system developed has a lifetime not shorter than 2 

months and proved to be practical for the analysis of real samples. The percent repeatability 

and reproducibility of voltammetric currents are 2.55% and 2.94% respectively at a VAN 

concentration of 1.0×10–5 mol L–1. 
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Levofloxacin (LEV) is a third generation broad spectrum synthetic antibiotic which can 

be used with oral and intravenous ways. It is very effective against gram-positive and gram-

negative aerobic bacteria [1]. It has been widely used in human and animals. While LEV is 

generally tolerated, in some instances it may cause serious side effects like tendon ruptures, 

heart problems and Stevens-Johnson syndrome [2]. Therefore, the determination of LEV in 

body fluids and pharmaceutical formulations is very important. Although there are many 

available methods for the determination of LEV, electrochemical methods can be seen very 

promising alternatives due to their fast, simple, inexpensive, sensitive and selective 

characteristics [3-4]. On the other hand, conventional electrodes limits the application of 

electrochemical methods in analytical chemistry because of their common drawbacks such as 

high overpotential and low surface area. Different substances were investigated to modify the 

conventional electrodes. In this frame, graphene and carbon nanotubes are the most widely 

investigated materials to increase the performance of the electrochemical methods because of 

their unique properties such as strong electrocatalytic activity, high effective surface area and 

excellent electrical conductivity [5-6]. 

In this study, the modification of glassy carbon electrode with graphene and acid treated 

carbon nanotubes has been investigated for the voltammetric determination of LEV in body 

fluids and pharmaceutical products. The prepared modified electrode showed electrocatalytic 

acitivity towards LEV oxidation. The electrode preparation conditions and parameters related 

with measurement solution were optimized to increase the efficiency of the modified electrode. 

The prepared electrode successfully discriminate the voltammetric response of LEV from that 

of other fluoroquinolone antibiotics (enoxacin, norfloxacin, ciprofloxacin). Finally, the 

performance of the prepared electrode was tested in the determination of LEV in human blood 

serum and pharmaceutical samples. 
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Calcium dobesilate (CD), calcium 2,5-dihydroxy-benzenesulfonate, is a drug with 

previously demonstrated efficacy in the treatment of diabetic retinopathy and chronic venous 

insufficiency. These beneficial effects of the drug are related to its ability to decrease capillary 

permeability, platelet aggregation and blood viscosity and to increase lymphatic transport [1]. 

Because of the important features of the CD, it is very important to develop rapid, simple, low-

cost and practical method of quantitative determination of CD in physiological fluid and 

pharmaceutical capsule. Among them electroanalytical methods have found great attention for 

sensitive and selective determinaiton of CD [2-4].  

In this study, electrochemical behavior of calcium dobesilate (CD) was investigated by 

recording its cyclic and differential pulse voltammograms at a disposable and very cheap 

electrode, pencil graphite electrode (PGE). Cyclic voltammograms recorded in 0.1 M HCl 

showed that a pair of well-defined redox peaks was observed at the PGE indicating excellent 

electrochemical activity of CD on the PGE. Oxidation peak current of CD was examined for 

the determination of CD by recording its differential pulse voltammograms under experimental 

conditions. The anodic peak current increased linearly with concentration of CD in the range 

of 1.0 x 10-7 to 1.0 X 10-4 mol L-1 with a detection limit 5.0 x 10-8 mol L-1 (based on 3Sb) 

Relative standard deviation of 3.0 % was obtained for five successive determinations of 10.0 

µM CD, which indicate acceptable repeatability. This voltammetric method was successfully 

applied to the direct determination of CD in real pharmaceutical samples. The effect of various 

interfering compounds on the CD peak current was studied. Unmodified PGE provides a new 

promising and alternative way to sensitive, cheap and selective determination of CD. 
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Rosuvastatin, (ROS, bis((E)-7-(4-(4-flurophenyl)-6-1sopropyl-2-

(methyl(methylsulfonyl) amino) pyrmidin-5yl) (3R,5S) -3,5-dihydroxyhept-6-enoic acid) 

calcium salt), is a cholesterol lowering active pharmaceutical ingredient of statin group. Statins 

are the most effective cholesterol lowering drug group. By blocking the production of HMG -

CoA enzyme used to make the body's cholesterol, statins reduce the synthesis of cholesterol in 

the liver. Rosuvastatin is one of the most effective drugs in the statin group of drugs. 

Rosuvastatin lowers total cholesterol, LDL, triglycerides and apolipoptoein B, while raising 

HDL. Rosuvastatin in the prevention of atherosclerosis, hypercholesterolemia, 

hyperproteinemia, hypertriglyceridemia and uses of myocardial infarction prophylaxis and 

stroke prophylaxis. By voltammetry, information obtained from the electrochemical sensor 

provide opportunity the most appropriate structure for the availability of newly synthesized 

drug substances and for the predetermination of functional groups and understanding of the in 

vivo behavior. 

In this study, the electrochemical behavior of Rosuvastatin was investigated with in a 

wide pH range (pH0,3-7,0) using differential pulse voltammetric technique at glassy carbon 

electrode. With differential pulse voltammetric techniques, maximum current was observed in 

the pH 0.3 sulfuric acid medium. As a result of scan rate studies, in the pH 0.3 sulfuric acid 

medium, the reaction was found diffusion-controlled mechanism. Linear relation range 

specified in the range of 0,005-0,1 mM and limit of detection calculated as 1,33 nM. In 

optimized conditions, Rosuvastatin determination was achieved Rosuvastatin containing 

pharmaceuticals named Rosucor® and React®. Using proposed method, 10 mg Rosuvastatin 

was found Rosucor® and React® as 10,06 mg and 10,02 mg, respectively. By adding pure 

substance on pharmaceuticals, recovery studies were performed and it was recovered as 

%100,85 and %100,40 respectively. 
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Cefuroxime Axetil (CEFA) is a second-generation cephalosporin and an oral prodrug 

formulation of the injectable antibiotic cefuroxime (CEF). CEFA is the 1-acetoxyethyl ester of 

CEF. The electrochemical reduction behaviours of CEFA was investigated by square wave 

voltammetry in different supporting electrolytes at hanging mercury drop electrode (HMDE). 

While three peaks (I, II, III) were observed in acidic media (pH 2-5), the highest peak (II), 

which was a single well-defined peak, was observed at pH 7 phosphate borate (PB) buffer (Fig. 

1). Current type, reversibility of electrode reaction and the number of electrons transfered were 

investigated.  

Aleksić et al. investigated the reduction mechanism of the methoxyimino group in the 

structure of CEFA inside acidic media [1]. There is no literature available about the electro 

reduction of CEFA in neutral or alkaline media, and there is also no proposed reduction 

mechanism for C=O group in the structure of axetil. Therefore, the aim of this work was to 

investigate the electrochemical behaviors of CEFA in neutral media at HMDE, and to propose 

the mechanism of reduction, by using square wave voltammetry (SWV), cyclic voltammetry 

(CV), chronoamperometry  (CA) and chronocoulometry (CC) methods. Diffusion coefficient 

(D) and rate constant of electron transfer (kf) were calculated. This is the first study for CEFA 

about the electroreduction of axetil carbonyl group in neutral media. 

 
 

Fig. 1.  SWV voltammograms of CEFA using HMDE 

A) 8.0 mg L-1 CEFA at different pH in the 0.1 M PB buffer. Inset: The effect of pH on the currents of 

peak I and peak II for 5.0 mg L-1 CEFA in 0.1 M PB buffer using HMDE 

B) a) pH 2 supporting electrolyte b) 8.0 mg L-1 CEFA at pH 2 c) pH 7 supporting electrolyte d) 8.0 mg 

L-1 CEFA at pH 7 
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Pramipexole (PR), (S)-4,5,6,7-tetrahydro-N6-propyl-2,6-benzothiazolediamine is a 

dopaminergic agonist used for the treatment of Parkinson’s disease. Few analytical methods 

have been reported for the determination of PR. Most methods are based on complex, expensive 

and time consuming steps which include analysis of biological fluids using LC-MS [1], 

electrophoresis with laser induced fluorescence detection [2] method, spectrophotometric 

methods and electroanalytical methods related to oxidation [3] for the estimation of PR in 

pharmaceutical formulations. There is no literature available about the electro reduction of PR. 

The aim of the present study is to develop and validate simple, sensitive, accurate, precise and 

reproducible square-wave voltammetry (SWV) method for determination of PR in 

pharmaceutical dosage forms and to investigate the reduction behavior of PR on hanging 

mercury drop electrode (HMDE). The experimental and instrumental parameters affecting the 

peak current were investigated and optimized for the PR determination. Current type and 

reversibility of the electrode reaction were investigated by using cyclic voltammetry.  The 

relationship between reduction peak current and concentration of pramipexole was investigated 

by using SWV. A well-defined cathodic peak was observed at -310 mV versus Ag/AgCl 

reference electrode in phosphate buffer (pH 9.0) (Fig. 1). For SWV method LOD, LOQ and 

linearity range were found 0.66 μg mL-1, 1.32 μg mL-1 and 1.32-18.70 μg mL-1, respectively. 

Validation parameters, such as sensitivity, accuracy, precision, ruggedness, robustness and 

recovery were evaluated. Developed and validated method was employed for quantification of 

PR in different pharmaceutical formulations.  

 
Fig. 1. Square wave voltammograms of PR using HMDE a) pH 9 supporting electrolyte b) 1.32 c) 4.46 

d) 8.81 e) 14.04 f)17.58 µg mL-1 PR 

 

Keywords: Pramipexole, Voltammetric Methods, Electrochemical Behaviour, Pharmaceutical 

Preparations 
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Moxifloxacin hydrochloride (1-cyclopropyl-7-[(S,S)-2,8-diazabicyclo[4.3.0]non-8-yl]-

6-fluoro-8-methoxy-1,4-dihydro-4-oxo-3-quinoline carboxylic acid ∙HCI) is drug active 

materiel which uses in the treatment of upper respiratory infections (Figure 1) [1,2]. A 

potentiostat meter (VersaSTAT3, Princeton Applied Research, USA) was used for  the 

voltammetric measurements. A poly (4-aminobenzene sulfonic acid) (4-ABSA) modified 

glassy carbon electrode (GCE) was prepared for the quantitative determination of moxifloxacin 

hydrochloride. The 4-ABSA-modified GCE was prepared by electrochemical polymerization 

method in phosphate buffer solution (PBS) (pH 7.00) The polymer film-modified electrode has 

high catalytic ability for electrooxidation of moxifloxacin hydrochloride in acetate, phosphate 

and Britton-Robinson (BR) buffer solutions by cyclic voltammetry (CV), differential pulse 

voltammetry (DPV) and chronoamperometry (CA) techniques. The best results for the 

determination of moxifloxacin hydrochloride were obtained in acetate buffer (pH 5.00) by DPV 

method.  Calibration curve was obtained from the various concentration of moxifloxacin 

hydrochloride by DPV technique.  Limit of detection (LOD) and quantification (LOQ) were 

calculated from equation of calibration curve. The results of experiments indicated that 

modified electrode have good stability, sensitivity and reproducibility for at least one month if 

stored dry in air.    

 
Figure 1. Chemical formule of moxifloxacin hydrochloride 

 

Keywords: Moxifloxacin Hydrochloride, Determination, Differential Pulse Voltammetry, Cyclic 

Voltammetry, Chronoamperometry, 4-ABSA-Modified Glassy Carbon Electrode 
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Tenoxicam (4-hidroxy-2-methyl-N-(2-pyridinyl)-2-thieno [2,3-e] -1,2-thiazine-3-

carboxamide 1,1-dioxide)  is drug active materiel which uses in the treatment of rheumatic 

diseases (Figure 1) [1,2]. A potentiostat meter (VersaSTAT3, Princeton Applied Research, 

USA) was used for  the voltammetric measurements. A poly (4-aminobenzene sulfonic acid) 

(4-ABSA) modified glassy carbon electrode (GCE) was prepared for the quantitative 

determination of tenoxicam. The 4-ABSA-modified GCE was prepared by electrochemical 

polymerization method in phosphate buffer solution (PBS) (pH 7.00) The polymer film-

modified electrode has high catalytic ability for electroreduction of tenoxicam in acetate, 

phosphate and Britton-Robinson (BR) buffer solutions by cyclic voltammetry (CV), differential 

pulse voltammetry (DPV) and chronoamperometry (CA) techniques. The best results for the 

determination of tenoxicam were obtained in acetate buffer (pH 5.00) by DPV method.  

Calibration curve was obtained from the various concentration of tenoxicam by DPV technique.  

Limit of detection (LOD) and quantification (LOQ) were calculated from equation of 

calibration curve. The results of experiments indicated that modified electrode have good 

stability, sensitivity and reproducibility for at least one month if stored dry in air.    

 

 
Figure 1. Chemical formule of tenoxicam 

 

Keywords: Tenoxicam, Determination, Differential Pulse Voltammetry, Cyclic Voltammetry , 

Chronoamperometry, 4-ABSA-Modified Glassy Carbon Electrode 

References: 

1. K.M. Strub, L. Aeppli, A. Daum, Adv. Inflam. (1986)  10 387 

2. S. B. Göksan, A. Atalar, L. Eralp, Acta. Ortop. Traumatol. Turc. (1997) 31, 262-264. 

 

 

 

 

 

 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

384 

 

P4-12 

Determination of Nitroaromatic Type Energetic Materials with GC/P(o-

PDA-co-ANI)-Aunano Electrode 

 
Şener SağlamA, Ayşem ArdaA, Yasemin TekdemirA, Erol ErçağA, Reşat Apak A,B,* 

  
A Istanbul University, Faculty of Engineering, Department of Chemistry, 34320 Istanbul, Turkey 

B Turkish Academy of Sciences (TUBA)  

 

*E-mail: rapak@istanbul.edu.tr 

 

The detection of explosives and explosive-related compounds has become a priority in 

recent years for homeland security and counter-terrorism applications. There are many studies 

on the detection of explosives utilizing a multitude of different analytical techniques. The highly 

sophisticated current techniques for detecting/quantifying trace explosives include ion mobility 

spectrometry (IMS) and gas–liquid chromatography (GLC) coupled to mass spectrometry 

(MS); however, most of these devices are bulky, expensive, and require qualified personnel and 

time-consuming procedures. In this regard, voltammetric techniques constitute cheaper and 

portable alternatives if sufficient selectivity is attained with the aid of rapidly growing sensor 

electrodes [1]. Electrochemical sensors offer good prospects for meeting the growing needs of 

explosives field detection. The most characteristic redox property of nitro-based explosives, 

namely the presence of easily reducible nitro-groups, ideally lends itself to electrochemical 

detection [2]. In this work, a novel electrochemical sensor was developed for the detection of 

nitroaromatic explosive materials, based on a gold nanoparticle-modified glassy carbon(GC) 

electrode coated with poly(o-phenylenediamine–aniline film) (GC/P(o-PDA-co-ANI)-Aunano 

electrode). Selective determination of nitroaromatic type explosives in the presence of 

nitramines was enabled by o-PDA and reusability of the electrode achieved by AuNPs. 

Calibration curves of current intensity versus concentration were linear in the range of 2.5–40 

mg L-1 for 2,4,6-trinitrotoluene (TNT) with a detection limit (LOD) of 2.1 mg L-1, 2–40 mg L-

1 for 2,4-dinitrotoluene (DNT) (LOD=1.28 mg L-1), 5–100 mg L-1 for tetryl (LOD=3.8 mg L-1) 

with the use of the GC/P(o-PDA-co-ANI)-Aunano electrode. For sensor measurements, 

coefficients of variation of intra-and inter-assay measurements were 0.6 % and 1.2 %, 

respectively (N=5), confirming the high reproducibility of the proposed assay. Determination 

options for all possible mixture combinations of nitroaromatic explosives are presented in this 

work. The proposed methods were successfully applied to the analysis of nitroaromatics in 

military explosives, namely comp B, octol, and tetrytol. Method validation was performed 

against GC–MS on real post-blast residual samples containing both explosives [3]. 
 

Keywords: Cyclic Voltammetry, Nitro-Aromatic Explosives, Gold Nanoparticles, Poly(o-

Phenylenediamine-Aniline), Modified Electrode. 
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Quercetin belongs to the flavonoid family that is widely distributed in fruits and 

vegetables. It is reported that quercetin has antiviral, anti-cancer, anti-inflammatory, anti-

allergic and antitumor activity, and can protect human colonocyte DNA from oxidative attack 

in vitro. Hence, it is significant to determine and study it. Until now, many means have been 

developed for it, such as spectrophotometry, high performance liquid chromatography with UV 

absorption detector or chemiluminescence detection, and electrophoresis with a diode array 

detector. The coupling of these techniques may provide high selectivity for the assay, but brings 

also some disadvantages of operating complexity, time and reagent consuption, high cost, etc 

[1]. Most flavonoids are electrochemically active at modest oxidation potentials, so 

electrochemical methods are preferable with advantages of higher sensitivity and less 

interferences from non-electroactive substances [2].  

 

In this work, a electrochemical sensor (which was previously developed by our research 

group [3]) was used for the determination of quercetin, based on a gold nanoparticle-modified 

glassy carbon (GC) electrode coated with poly(o-phenylenediamine–aniline film) (GC/P(o-

PDA-co-ANI)-Aunano electrode). The working principle of the proposed sensor was the electron 

uptake of ferricyanide ion from an antioxidant to convert into ferrocyanide (Fe(CN)6
3- + e- → 

Fe(CN)6
4) followed by indirect determination of antioxidants via ferricyanide consumption, as 

the decrease of cathodic current due to ferricyanide was proportional to the concentration of 

antioxidants in the sample. During voltammetric determinations, the surface of the GCE was 

coated with a copolymer of o-phenylenediamine & aniline, and Au-NPs were accumulated on 

this modified electrode surface so as to increase conductivity. Determination of quercetin was 

achieved electrochemicaly by using GC/P(o-PDA-co-ANI)-Aunano electrode. Calibration 

curves of current intensity (I) versus molar concentration (c) were linear in the range of 2x10-5 

M – 2x10-4 M for quercetin and the linear equation was I = 3.57x104 c + 8.94x10-1 (r=0.992).  
 

Keywords: Voltammetry, Quercetin, Gold Nanoparticles, Poly(o-phenylenediamine-aniline), Modified 

Electrode. 
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Nitrite has been used in different meat products mainly to maintain their microbial 

quality, flavor, color and to prevent or retard lipid oxidation [1]. Another interesting property 

of nitrite is its capability to retard the development of rancidity during storage, to reduce the 

thiobarbituric acid (TBA) response (used as a measure of biooxidative status) and the 

subsequent warmed-over flavors (WOF) developed upon heating of meat [2,3]. Unfortunately, 

nitrite is an essential precursor in the formation of nitrosamines as a cancer-suspect class of 

compounds [4]. Due to the above reasons, its determination is important. In this study, the 

working electrode, i.e. p-aminothiophenol (p-ATP)‒modified and gold nanoparticles‒

derivatized gold electrode (Au/p-ATP-Aunano), was manufactured in two steps. In the first step, 

the surface of the Au working electrode was coated with a polymeric material 

(polyaminothiophenol (PATP)) via electropolymerization. In the second step, Au/p-ATP-

Aunano working electrode was prepared by coating the surface with the use of HAuCl4 solution 

and cyclic voltammetry. Determination of aqueous nitrite samples was performed with the 

proposed electrode (Au/p-ATP-Aunano) using square wave voltammetry (SWV) in pH 4 buffer 

medium. Characteristic peak potential of nitrite was 0.76 V, and linear calibration curves of 

current intensity versus concentration was linear in the range of 0.5–50 mg L-1 nitrite with a 

limit of detection (LOD) of 0.12 mg L-1. Alternatively, nitrite in sausage samples could be 

colorimetrically determined with high sensitivity by means of p-ATP‒modified gold 

nanoparticles (AuNPs) and naphthylethylene diamine as coupling agent for azo-dye formation 

due to enhanced charge-transfer interactions with the AuNPs surface. The slopes of the 

calibration lines in pure NO2
- solution and in sausage sample solution to which different 

concentrations of NO2
- standards were added were not significantly different from each other, 

confirming the robustness and interference tolerance of the method. The proposed voltammetric 

sensing method was validated against the colorimetric nanosensing method in sausage samples. 

The method distinguishes itself from similar other methods reported in literature with its 

effective interference removal technique (i.e. removal of ascorbic acid with ascorbate oxidase, 

and removal of other chemical reductant interferents with Cu(II)-neocuproine extraction into 

dichloromethane) prior to electrochemical measurement. 
 

Keywords: Nitrite Determination; Gold Electrode; Modified Electrode; Gold Nanoparticles; Square 

Wave Voltammetry (SWV). 
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Tenofovir(TEN) is a type of anti-HIV medicine called a nucleoside reverse transcriptase 

inhibitor (NRTI). NRTIs work by blocking HIV reverse transcriptase, an HIV enzyme. This 

prevents HIV from replicating and lowers the amount of HIV in the blood(1).  

The voltammetric oxidation of TEN was investigated at a glassy carbon electrode using 

cyclic and differential pulse voltammetry over a wide pH range. The results revealed that the 

oxidation of TEN is an irreversible pH-dependent process in an adsorption-controlled 

mechanism. 

For the analytical application, operational parameters have been optimized. The 

calibration curve was linear in the concentration range of 6.0 × 10-7 –6.00 × 10-5 M with a 

detection limit of 8.393 × 10-8 M. The reproducibility of the peak current was found 0.33% (n 

= 5) in pH 4.7 acetate buffer. The glassy carbon electrode showed good stability and 

reproducibility, and also it was successfully applied to the sensitive and selective determination 

of TEN in its dosage forms.  

The oxidation mechanism of TEN was try to explained working with some model 

compounds (adefovir, adenine (ADE)).  

The effect of possible interferents on the electrochemical determination of TEN was 

investigated by adding potential interferents containing compounds to a solution containing 4.0 

× 10-6 M TEN in pH4.7 acetate buffer. The tolerance limit for interfering species was considered 

as the maximum concentration that gave a relative error (%RSD) less than ± 10.0%. Na+, Cl-, 

K+, ascorbic acid, dopamine and uric acid and glucose solutions were added to the working 

media, separately (2). According to the obtained results; Na+, Cl-, K+, ascorbic acid, dopamine 

and uric acid and glucose solutions do not interfere with the tenofovir determination with the 

selectivity ratio of about 1:1. 

ICH guidelines recommend performing degradation studies for establishing stability-

indicating nature of the assay method. Degradation studies consisted of heat in an oven (at 75 

°C), acidic, alkaline hydrolysis and oxidation of the compounds, to evaluate the ability of the 

proposed method (3). Thermal degradation of TEN was carried out in their solid state. TEN 

was placed in a controlled-temperature oven at 75 °C, water bath at 100°C and room condition 

for 24 h.  

Keywords: Tenofovir, Voltammetry, Glassy Carbon Electrode, İnterference, Degradation. 
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One of the representative of cytostatic is a first-generation drug, imatinib (Ima), which 

is the first protein kinase inhibitor endorsed for clinical use, and is a seminal drug for the 

concept of destined therapy. Ima is used in the treatment of chronic myelogenous leukemia.      

 According to the available literature data, voltammetric studies of Ima based on its 

reduction signal were performed, and hanging mercury drop electrode (HMDE) has been 

applied till now for the determination of Ima. In the published voltammetric assay, Ima was 

investigated by square-wave adsorptive stripping voltammetric (SWAdSV) technique using 

HMDE in spiked urine samples, and bulk form, pharmaceutical formulation, and human serum. 

The limits of detection for SWAdSV on HMDE were 5.2×10−9 mol L−1 and 2.6×10−10 mol L−1. 

Although the detection limits of the above-mentioned voltammetric works are very low, 

however, their routine use might be limited due to the toxicity of mercury. 

In the present paper, the electrochemical oxidation of a new generation of anticancer 

drug, imatinib (Ima), using differential pulse voltammetry (DPV) on anodically pretreated 

boron doped diamond electrode has been reported. It was found that Ima provided reproducible 

and well-defined oxidation peak at positive potential of around +1.0 V in the Britton–Robinson 

buffer at pH 2.0. The experimental conditions, i.e. pH, a modulation amplitude, a modulation 

time, a step potential, and a scan rate, were optimized. A rapid, simple, selective and sensitive 

DPV procedure for the determination of Ima was performed in the concentration range of 

3.0×10–8 – 2.5×10–7 mol L–1 with the limit of detection and the limit of quantification of 

6.3×109 mol L1 and 2.1×10–8 mol L1, respectively. Additionally, a biological relevance of 

the developed DPV procedure was demonstrated by quantitative analysis of the spiked human 

urine samples with satisfactory recoveries (from 102.2% to 105.5%). The influence of some 

interfering compounds and ions (Int) was also evaluated.  
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Schizophrenia is a chronic, debilitating mental illness, which is characterized by both 

positive and negative symptoms, cognitive dysfunction, and a decline in psycho-social 

functioning [1, 2]. At least empirically, the ability of aripiprazole (ARIP) and piribedil (PIRI), 

used as a medication, is able to stabilize dopaminergic and serotonergic systems, may represent 

a new treatment approach, not only for schizophrenia but it for other mental disorders, when 

also compared with other classes of drugs than ARIP and PIRI. 

 
The i-E curves of ARIP and PIRI follow a different pattern. Instead of a peak current 

formation of a limiting current takes place at a potential that depends on pH, in a steep increase 

of current and becomes practically potential independent limiting current is observed between 

+1.0 V and +1.6 V for ARIP and +0.9 V and +1.6 V for PIRI. 

The electrochemical measurements were performed using a BAS 100W (Bioanalytical 

System, USA) electrochemical analyzer. An Ag/AgCl, electrode with 3.0 M NaCl was used as 

a reference electrode. A 3 mm diameter boron doped diamond electrode (BDDE) (Windsor 

Scientific Ltd; West Berkshire UK) has been employed as working electrode. An electrolytic 

glass cell (10 mL) was used. Concentration dependence using LSV of ARIP (0.05 – 0.7 mM) 

and PIRI (0.1 – 0.7 mM) in pH 4.7 acetate buffer containing 20 % MeCN using BDDE at 100 

mV/s scan rate at 25 ºC, dependence of i1 on scan rate, dependence of i1 on square root of scan 

rate for ARIP and PIRI were also performed successfully. 
 

 

Keywords: Aripiprazole, Piribedil, Boron Doped Diamond Electrode, Mechanism. 
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Leuprolide acetate is a synthetic nonapeptide that is a potent gonadotropin-releasing 

hormone receptor agonist used for diverse clinical applications, including the treatment of 

prostate cancer, endometriosis and uterine fibroids.  

Electrochemical mechanisms are important to all redox chemistry including biological 

systems related to electron transport chains. Nucleic acid layers combined with electrochemical 

transducers produce a kind of biosensor for nanomolecules. Electrochemical approach can 

provide new insights into rational drug design and the investigation on DNA-antineoplastic 

drug interactions has a great importance in understanding the mechanism of action of antitumor 

drugs. Hence, electrochemical biosensors have played an important role in the transition 

towards point-of-care diagnostic devices.  

The electrochemical interaction between leuprolide and ds-DNA was investigated using 

two different interaction processes, namely interaction on the PGE surface and interaction in 

the solution phase. The interaction of leuprolide with ds-DNA modified PGE as namely DNA 

biosensor was studied by differential pulse voltammetry (DPV). The DPV peak currents of 

guanine were measured before and after the interaction with leuprolide. The linear response 

was obtained in the range of 0.20 – 6.00 ppm leuprolide concentration with a detection limit of 

0.06 ppm on DNA modified PGE. For the confirmation of the interaction between ds-DNA and 

leuprolide, the interaction in solution phase study was also realized. Linearity of the guanine 

signals was obtained in response to the range of 0.20 – 1.00 ppm leuprolide. The both proposed 

methods, ds-DNA modified PGE and interaction with ds-DNA in solution phase, were applied 

to the direct determination of leuprolide in intravenous injection dosage forms.  

 
Keywords: Leuprolide, Voltammetry, Glassy Carbon Electrode, DNA Biosensor 
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Sensitive and Selective Voltammetric Approach for Determination of Anti-

Cancer Drug Etoposide Based on Sepiolite Clay/TiO2 Nanoparticles 

Modified Carbon Paste Sensor and Investigation of Its Interaction with 
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Dilek Eskiköy BayraktepeA,*, Zehra YazanA 

 AAnkara University Faculty of Science, Department of Chemistry, Tandogan, Ankara, TURKEY, 

06560 

*E-mail: dilekeskikoy@gmail.com 

 

Etoposide  (ETZ) is used as a form of chemotherapy for cancers such as Kaposi’s 

sarcoma, Ewing's sarcoma, lung cancer, testicular cancer, lymphoma, nonlymphocytic 

leukemia, and glioblastoma multiforme. It is often given in combination with other drugs (such 

as bleomycin in treating testicular cancer). It is also sometimes used in a conditioning regimen 

prior to a bone marrow or blood stem cell transplant [1]. 

ETZ forms a ternary complex with DNA and the topoisomerase II enzyme (which aids 

in DNA unwinding), prevents re-ligation of the DNA strands, and by doing so causes DNA 

strands to break [2] Cancer cells rely on this enzyme more than healthy cells, since they divide 

more rapidly. Therefore, this causes errors in DNA synthesis and promotes apoptosis of the 

cancer cell [1, 3]. Accordingly, it is impotant to investigate the interaction of drug-DNA by 

using electochemical methods so that, new drug design can be provided. Also this phenemenon 

will lead to understanding of interaction mechanisms of anticancer drugs and DNA. 

Electrochemical stripping methods performed by accumulation with an analyte onto the 

working electrode surface are one of the most suitable methods for the determination of several 

pharmaceutical compounds. Furthermore, these methods have the advantage of being relatively 

less expensive, highly sensitive and they provide low limit of dedection (LOD). Therefore, 

electrochemical stripping methods are becoming more and more popular as alternative methods 

in pharmaceutical formulations and biological samples [4-5]. 

A simple, sensitive, selective, economical and time-saving square wave adsorptive 

stripping voltammetric method (AdsSWV) was developed for sensitive and selective 

determination of ETZ based on a novel Sepiolite clay (SC) and TiO2 nanoparticles modified 

carbon paste sensor (CPE). Electrochemical behaviour of ETZ was investigated on newly 

proposed SC/TiO2/CPE sensor by using cyclic voltammetry. To develop AdsSWV method, pH, 

supporting electrolyte, the components of electrode, accumulation potential and accumulation 

time were optimized. Under these conditions, the oxidation peak was changed linearly with in 

the range of 8.7 nM to 1000 nM. The limits of dedection and quantification values for ETZ 

were found to be 0.82 nM and 8.7 nM, respectively. The proposed sensor was succesfully 

applied for the determination of ETZ in commerical Etosid vial and the recovery results were 

calculated in the range of 100.56% to 106.70%. The validation test results (Reproducubility, 

repeatibility and stability) for newly developed sensor are really satisfactory. In addition, 

interaction studies of ETZ and DNA were examined by using calf-tymus DNA. 
Keywords: Etoposide, TiO2 Nanoparticles, Sepiolite Clay, Carbon Paste Electrode, Voltammetry 
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Impedimetric Aptasensor Developed for Thrombin Detection 
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The biosensing technology can be combined with aptamers for recognition of nucleic 

acids, proteins, drugs, and toxins. Thus, there have been many reports in the literature about 

development of aptamer based sensors (aptasensors) (1-7). 

Thrombin (THR) is a serine protease that plays an important role in blood coagulation, 

thrombosis, inflammation, angiogenesis, tumor growth and metastasis (8,9). Since, the 

detection of THR in plasma or blood is clinically relevant, various sensing methods have been 

reported for the detection of thrombin, such as quartz crystal microbalance (QCM), surface 

plasmon resonance (SPR), and electrochemical analysis (4,6-9). 

The impedimetricaptasensor for THR was developed for the first time herein by 

measuring changes at the charge-transfer resistance, Rct upon to protein-aptamer complex 

formation. The procedure for impedimetric detection of THR was consist of five steps; 

pretreatment and covalent activation of pencil graphite electrode (PGE) surface, APT 

immobilization onto the surface of PGE, surface confined interaction of APT with its cognate 

protein THR, and finally impedimetric measurement. After the optimization of experimental 

conditions, the selectivity of impedimetricaptasensor was tested in the presence of other 

biomolecules: FactorVa (FVa) and bovine serum albumin (BSA). 

The study described herein (7) presented a sensitive and selective THR aptasensing 

protocol resulting in a short time (2.5 hour). Moreover, our impedimetricaptasensor based 

protocol might be furtherly applied for detection of various proteins and other small molecules. 

 
Keywords: Aptasensor, Thrombin, Pencil Graphite Electrode, Electrochemical Impedance 

Spectroscopy 
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The interactions of some anticancer drugs with DNA have been widely studied by a 

variety of techniques such as chromatographic, spectroscopic and electrochemical techniques 

(1–7). 

Electrochemical DNA biosensors attract attention due to their speediness, 

reproducibility, and reliability. Because of their remarkable characteristics, electrochemical 

DNA biosensors enable us to perform research in many areas such as clinical diagnosis, 

environmental monitoring, and drug investigation (8-9). There has been a great attention for 

electrochemical investigation of the interaction between drugs and DNA since the pre- and post 

electrochemical signals of the surface confined interaction between DNA and drugs provide 

good evidence for the interaction mechanism to be elucidated (10-11).  

6-Thioguanine (6-TG, 2-amino-7H-purine-6-thiol) as a sulfur derivative of guanine is 

one of the most important anticancer therapeutic agents used in the clinical treatment of acute 

childhood lymphoblastic leukemia, AIDS, and some other pathology (6,8,10,12).  

The aim of our study is electrochemical detection of 6-TG, and also the interaction 

between  6-TG and single stranded oligo (A)25  and double stranded oligo (A)25-(T)25 by 

using disposable pencil graphite electrodes (PGE).  Electrochemical measurements were 

performed by differential pulse voltammetry (DPV) and electrochemical impedance 

spectroscopy (EIS) techniques. The interaction between 6-TG and oligo (A)25, or oligo (A)25-

(T)25 was explored based on the changes at the oxidation signals of 6-TG and adenine by using 

DPV. Experimental parameters; such as, 6-TG concentration and its interaction time with oligo 

(A)25 and oligo (A)25-(T)25 etc. were optimized. 
Keywords: 6-Thioguanine, Drug-DNA Interaction, Electrochemical DNA Biosensor, Differential Pulse 

Voltammetry, Electrochemical Impedance Spectroscopy. 
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Graphite Electrodes 
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Graphene and graphene-based nanomaterials have been attracting great research 

interest with regard to their unique structural features such as; high surface area, flexibility 

and chemical stability (1,2). Effective immobilization of nucleic acids onto the surface of 

analysis platform has been one of the key features for development of advanced biosensor 

platforms in the field of clinical diagnostics (1-5). 

MicroRNAs (miRNA) are small RNA molecules, that contains 19-25 nucleotides. The 

abnormal expression of miRNA causes different type of cancer, neurodegenerative diseases and 

metabolic diseases as diabetes (6-9). Therefore, the studies are being performed in order to 

investigate practical, easy-to-use, miniaturize biosensor platforms which can detect miRNAs 

rapidly, sensitively and selectively (6-11).  

GO modified graphite electrodes were used in our study for sensitive and selective 

detection of miRNA. Disposable pencil graphite electrode (PGE) surfaces were firstly modified 

by GO and then they were used for miRNA detection. The microscopic and voltammetric 

characterization of GO/PGEs was performed by scanning electron microscopy (SEM) and 

cyclic voltammetry (CV), respectively. The optimization of experimental conditions; such as 

GO concentration, DNA probe concentration, miRNA concentration were performed by 

electrochemical impedance spectroscopy (EIS) technique. The selectivity of our assay was also 

tested in optimum conditions.  

GO modified sensor platform presented in our study shows a great promise furtherly 

in order to develop low-cost and sensitive biosensing protocol for healthcare monitoring, 

clinical diagnostics, and biomedical devices. 

 
Keywords: Graphene Oxide, miRNA, Nucleic Acid Hybridization, Pencil Graphite Electrode, 

Electrochemical Impedance Spectroscopy. 
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The design of biological sensors is currently one of the most important field of analytical 

chemistry and there has still been groving interest in studying DNA-based bio(nano)sensors 

and their applications related to compound-DNA interactions in the last two decades.  

In this study, the interaction of a model anticancer drug and double stranded DNA 

(dsDNA) / single stranded (ssDNA) was studied by using newly-developed electrochemical 

DNA (nano)biosensor. The effect of the drug on DNA hybridization was also examined with 

the biomaterial-containing carbon electrodes and change in oxidation signals of guanine and 

drug is monitored by using differential pulse voltammetry (DPV). The effect of some 

nanomaterials on hybridizationresponse was also studied. Thus, obtained results showed that 

this methodology could be used for the cost effective, sensitive and rapid detection of drug-

DNA interactions. 

Keywords: Electrochemical DNA Biosensor, DNA, Nanomaterial, Drug-DNA Interactions, 

Carbon Electrode. 
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Abstract 

Herein we describe label free detection of aptamer / protein and aptamer / cancer cell 

interactions based on electrochemical impedance spectrometry (EIS) technique. The 5’ 

chemically modified aptamer sequence was immobilized onto carbon based sensor surfaces. 

The binding of target protein and / or cancer cell onto aptamer sequence were monitored by EIS 

transduction of the Rct in the presence of 5mM [Fe(CN)6]3-/4. This study gives a new approach 

and an overview of alternative electrochemical biosensors for clinical analysis. 
 

Keywords: Electrochemistry, Aptasensor, Electrochemical Impedance Spectrometry 

 

Introduction 

Aptamers are short single-stranded DNA or RNA sequences which have high specific 

affinity in binding protein and severel biomolecule targets [1]. Aptamer based studies represent 

a novel modern and a strategic approach in bioanalytical analysis for specific detection [2-3]. 

Due to their high stability, chemical simplicity, and easy applicability, they can be used as 

alternative captures to antibodies. Thereby, aptamer applications hold a great promise for 

biosensing of proteins, genes, and cells for developing clinical detection arrays [4]. 

In recent years, there has been a great interest in developing aptamer sensors, thereby 

different strategies have been developed for aptamer based protein and cell screening. Affinity 

biosensors have a great promise in aptamer sensing analysis due to their, high sensitivity, 

selectivity, simple instrumentation, portable and cost effectiveness. Thus a lot of aptamer based 

sensing interfaces have been developed including optical, piezoelectrical transduction, 

fluorescence, atomic force microscopy [5-7].  

Electrochemical aptasensors provide a unique platform for clinical analysis with the 

advantages of high selectivity, high sensitivity and low cost detections [8]. In addition 

Electrochemical Impedance Spectormetry (EIS) based aptasensors also offer label free 

detection additionally. Electrochemical impedance spectroscopy (EIS) is based on interfacial 

investigations thus is a unique analytical device for label free diagnostic analysis. EIS measures 

the response of an electrochemical system to an applied oscillating potential as a function of 

the frequency. Impedimetric techniques have been developed to characterize the fabrication of 

the sensors and to monitor the biochemical reaction occures at the sensor surface [9-10]. 

 

Materials & Methods 

DNA aptamer that selective bind human IgE with the 5’ modified with Biotin and 

selective sub type non- small cell lung cancer with the 5’ amino hexyl modified were used. 

The aptamer sequence that specific for Human IgE has a following base composition : 

5’ Biotin - GCG CGG GGC ACG TTT ATC CGT CCC TCC TAG TGG CGT GCC 

CCG CGC 3’.  

The aptamer sequence that specific for sub type non-small cell lung cancer is as follows: 

5’ NH2 (CH2)6 GTT GCA TGC CGT GGG GAG GGG GGT GGG TTT TAT AGC 

GTA CTC AG 3’ 

Electrochemical impedance spectrometry (EIS) were performed using AUTOLAB 

PGSTAT-10 –FRA, were performed using an AUTOLAB PGSTAT-30 electrochemical 
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analysis system. 

  
Figure 1: Schematic presentation of study procedure 

 

Results&Discussion 

 

 
 

Figure 2: Impedance Spectra of chemically pretreated bare electrode (a), after aptamer 

immobilization (b), after interaction with non-specific taret (c) and IgE (d) targets, at graphite 

electrode surface. Measurements performed in a 0.05 M phosphate buffer  (pH 7.4) in the 

presence of [Fe(CN)6]3-/4- (5x10-6 M, 1:1) at +0.24 V. 
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Figure 3: Rct values obtained in 5mM [Fe(CN)6]3-/4- following the experimental 

procedure at bare, aptamer modified electrode surfaces, before and after interaction with A549 

lung cancer and non-specific HeLA and HepG2 cancer cells. 

 

Conclusion 

Here we have described a label free impidimetric aptasensor that provides sensitive 

detection of specific biomolecules. The selectivity of aptasensor was evaluated by using the 

EIS response differences between aptamer- target molecule and aptamer non specific targets.  

Depend on detection limits, such as 0.48 nM of IgE and 163.7 cancer cell /mL; even it is 

incomparable with previous studies it was shown that the designed aptasensors are capable of 

label free; low-cost, fast and reliable detection. Furthermore by using different aptamer 

sequences, more types of biomolecules can be detected. 
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Cytarabine (Cyt) or cytosine arabinoside (Cytosar-U or Depocyt) is 

a chemotherapy agent used mainly in the treatment of cancers of white blood cells such as acute 

myeloid leukemia (AML) and non-Hodgkin lymphoma.[1]  It kills cancer cells by interfering 

with DNA synthesis. It is called cytosine arabinoside because it combines a cytosine base with 

an arabinose sugar. Cytosine normally combines with a different sugar, deoxyribose, to 

form deoxycytidine, a component of DNA.  

In this study, the copper(II) complex of Cyt has been synthesized. This prepeared 

complex was characterized by physicochemical and spectroscopic methods. Its UV-Vis, IR and 

mass spectra. The electrochemical behavior of this synthesized complex was studied over 

glassy carbon electrode in various buffer solutions using cyclic voltammetric techniq. Cyt 

enrichment is observed over Cu(II) complex. The peak current and peak potential of the 

complex depend on pH, initial potential, and scan rate. Cyclic voltammetric techniq was used 

for the determination of Cyt-Cu(II) complex. 
 

Keywords: Characterized, Electrochemical Properties 
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DNA-Functionalized Biosensor for Amisulpride Based Electrochemical 

Interaction on Pretreated Pencil Graphite Electrode 
Ayşegül Gölcü* 

 

Department of Chemistry, Kahramanmaraş Sütçü İmam University, 46100 Kahramanmaraş, 

Turkey; 
 

*E-mail: aysegulgolcu@gmail.com 

 

The interaction of amisulpride (ASP) with fish sperm double-stranded deoxyribonucleic 

acid (FSdsDNA) based on the decreasing of the oxidation signal of guanine bases was studied 

electrochemically with a pencil graphite electrode (PGE) using differential pulse voltammetry. 

In this work, adsorption method was used for the immobilization of FSdsDNA onto the PGE 

surface.  The decrease in the intensity of the guanine oxidation signals after interaction with 

ASP was used as an indicator signals for the sensitive determination of ASP. Under the 

optimum conditions, a linear dependence of the guanine oxidation signals was observed for the 

ASP concentration in the range of 1–10 µg mL−1 with a detection limit of 0.46 µg mL−1 at 

FSdsDNA modified PGE. The reproducibility and applicability of the analysis to 

pharmaceutical dosage forms were also investigated. These results showed that this DNA 

biosensor could be used for the sensitive, rapid, simple and cost effective detection and 

determination of ASP- FSdsDNA interaction.  

 

Keywords: Amisulpride, DNA, Biosensor, Drug, Determination, Adsorptive Stripping 

Voltammetry 
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Electroanalysis of Some Pyridine Derivatives in Non-Aqueous Media 
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Some pyridine derivatives and metals such as palladium complexes may show 

anticancer effect. It requires the development of useful techniques for description of this 

procedure and characterization of these compounds. This specific analysis of pyridine ligands 

should be designated for non-aqueous media because of their limited water solubility. Many of 

these compounds exhibit electroactive behavior and voltammetric techniques are very 

appropriate for this purpose. 

To determination of oxidation and reduction characteristic and optimum analysis 

conditions of 2-(hydroxymethyl)pyridine and 2-(2-hydroxyethyl)pyridine were studied in 

DMSO and acetonitrile solvents with using different working electrodes by square wave 

voltammetry and cyclic voltammetry. A prepared non-aqueous reference electrode and 0,1M 

tetrabutyl ammonium perchlorate (TBAP) was used as supporting electrolyte in three electrode 

cell. And also deposition parameters on GCE were investigated with stripping voltammetry.  

 

 
 

Oxidation peaks of 2-(hydroxymethyl) pyridine (A) (left) and 2-(2-hydroxyethyl) pyridine (B) (right) 

were obtained with 100 s deposition on GCE with stripping square wave voltammetry in acetonitrile 

  
Keywords: Non-Aqueous Electrochemistry, Square Wave Voltammetry, 2-(Hydroxymethyl) 

Pyridine, 2-(2-Hydroxyethyl)Pyridine. 

 

References: 

1. M. S. Chenov’yants, I. V. Burykin, and N. E. Erofeev, Electrophoretic Determination of Thioamides, 

Pyridine and Pyrimidine Derivatives, J of Analytical Chemistry, 2013 68(6) 532. 

2. Kosuke Izutsu, Electrochemistry in Nonaqueous Solutions, 2002 Wiley-VCH Verlag GmbH & Co. 

KGaA ISBNs: 3-527-30516-5. 

3. Ferda Ar, at al., Synthesis, structural characterization and cell death-inducing effect of novel 

palladium(II) and platinum(II) saccharinate complexes with 2-(hydroxymethyl)pyridine and 2-(2-

hydroxyethyl)pyridine on cancer cells in vitro. Bioorganic & Medicinal Chemistry (2013) 21 6427–

6434. 

background background 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

402 

 

P4-28 

Production and Certification of Reference pH Buffer Solutions at National 

Metrology Institute of Turkey 
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 Determination of pH is essential in both industrial processes and research studies such 

as biochemistry, food sectors, chemical research and engineering, environmental research, 

pollution control and pharmaceutical industry. Hence there is a huge demand for traceable 

measurement results for pH to ensure quality control and comply with the technical 

requirements [1]. The primary method for measurement of pH is based on the measurement of 

the potential difference of the electrochemical cell,  often referred to as a Harned cell, without 

a liquid junction, involving a selected buffer solution, a platinum hydrogen gas electrode and a 

silver/silver chloride reference electrode [2]. pH measurements can be incorporated into the SI 

as they can be traced to measurements made using a method that fulfills the definition of 

primary methods of measurement [3]. This study describes procedures for production and 

certification of reference pH buffers realized at TÜBİTAK UME. 

 Buffer solutions were prepared and certified according to the instructions given in 

“IUPAC Recommendation 2002 Measurement of pH - Definition, Standards and Procedures” 

[4], ISO Guide 34-35 [5,6]. The chemical materials were dissolved in 150 L deionized water 

and homogenized for 8 hours using a homogenizing equipment and candidate buffer solutions 

were prepared (300 units each) and transferred into 500 mL HDPE bottles. The buffer solutions 

were stored at +4 °C. Homogeneity, short term stability, long term stability and characterization 

studies were performed. In these studies, sample bottles were selected by a special random 

stratified sample selection software. The measurement results were evaluated using one-way 

variance analysis (ANOVA) and homogeneity and stability test results showed that the expected 

criteria according to ISO Guide 35 was obtained. The characterization study was performed by 

using primary level pH measurement system (Harned Cell). Measurement uncertainty for 

primary level pH measurements was evaluated according to GUM principles [7]. At the end of 

the project, the reference pH buffer solutions labeled and will be presented to the users. As a 

result of this study, the domestic demands for pH buffers will be met as an output and 

traceability for pH measurements will be also provided over TÜBİTAK UME.  

Keywords: pH, pH Buffer, Reference Material, Harned Cell, UME 
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Voltammetric Determination of Boron using p-Xylenol Orange Modified 

Pencil Graphite Electrode  
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This study describes a sensitive and accurate voltammetric determination of boron at p-

xylenol orange modified pencil graphite electrode (p-XO/PGE). The oxidation of tiron at 0.86 

V in the boron-tiron complex formed in phosphate buffer solution (pH 8) was evaluated as a 

response. The parameters affecting the peak current such as pH and concentration of supporting 

electrolyte, concentration of tiron, ionic strength, lead grade, step amplitude, interval time, pulse 

time and pulse amplitude were optimized. Modified electrode was characterized by 

Electrochemical Impedance Spectroscopy (EIS) and cyclic voltammetry. The limit of detection 

(3s) is 28 µg/L and calibration graph is linear between 0.050 mg/L and 10.000 mg/L of boron 

concentration for p-XO/PGE. The relative standard deviation values and recovery results were 

satisfactorily obtained for various water samples. The results obtained from the developed 

method were compared with those obtained from ICP-MS method and no statistically 

significant difference between the methods was found for 95% confidence level.  
 

Keywords: Boron, Tiron, Pencil Graphite Electrode, Modified Electrode, Xylenol Oange, 

Voltammetry. 
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Preparation of Silver-Silver Chloride and Platinized Platinum Electrode for 

Primary pH Measurements 
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 Silver/silver chloride electrode (Ag/AgCl) and platinized platinum electrode (Pt/Pt) 

have been used for precious and accurate pH measurement in Harned Cell. Various electrode 

preparation procedures for preparation of Ag/AgCl and Pt/Pt electrodes have been used at 

different National Metrology Institues. In this study, different electrode preparation procedures 

for both  Ag/AgCl and Pt/Pt electrodes were compared. Ag/AgCl is prepared by spreading silver 

carconate paste onto the spiral Pt wire and reduced to silver by heating ca. 400 0C in a quartz 

tube. This procedure is repeated until the desired cylindirical silver layer is obtained. After that, 

silver chloride was covered onto metalic silver by using chronopotentiometric and KMnO4 

methods. Chronopotentiometric and classical electrolysis methods were also used for 

preparation of Pt/Pt electrodes.  

 Formal electrode potential values of the prepared Ag/AgCl electrodes were determined 

in six Harned cells. SEM images of the prepared electrodes (Fig. 1) were also evaluated. 

Chronopotentiometric method was found the better procedure for preparation of both Ag/AgCl 

and Pt electrodes. Additionally, measurement uncertainty was evaluated for primary pH 

measurements. 

 

Figure 1. SEM images of Pt/Pt electrodes and Ag/AgCl electrodes made by classical methods (A, C) 

and chronopotentiometric methods (B, D)   

Keywords: pH, Harned Cell, UME, Ag/AgCl Electrode, Platinum Electrode 
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Fabrication and Characterization of Dual Disc Platinum Nanoelectrodes 
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Ultramicroelectrodes are electrodes with characteristic dimensions on the micrometer or sub-micrometer 

scale. Fast double-layer charging, reduced ohmic loss, and high mass transport rates have allowed them to 

revolutionize thermodynamic, kinetic, and electroanalytical measurements [1, 2]. Theseadvantages can be 

expected to be achieved to a greater extent with nanoelectrodes [3].  

 

The small electrode size enables voltammetry in very small spaces, producing important 

openings to voltammetry close to and even within single biological cells, and giving rise to the 

new and now widespread form of microscopy called scanning electrochemical microscopy 

(SECM) [4]. One of the greatest challenges facing nanoelectrode researchers is the preparation 

and fabrication of devices in order to study and realize some of the benefits discussed above. 

 

Most nanometer-sized electrodes reported to date have been fabricated as single disc-

shaped by laser pipette pulling method. In this study the laser pulling method was used for 

fabricating dual disc-shaped platinum nanoelectrodes. Several dual disc platinum 

nanoelectrodes have been fabricated. The initial characterization of the electrodes has executed 

by steady-state voltammetry. The overall radii of nanoelectrodes have calculated from steady-

state currents belong to ferrocene solutions. The surface properties like smoothness and the 

possible gap between the disc and insulator have controlled by the shape of voltammograms.  
 

 
 

Figure 1. The steady-state voltammograms of single (a) and dual (b) disc platinum nanoelectrodes. 
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Nanoelectrochemistry of Nicotinamide Adenine Dinucleotide 
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Nanoelectrodes provide a number of advantages when utilizing in electrochemical studies 

and practices. The benefits which gain from these can be expected to be achieved to a greater 

extent with nanoelectrodes. As electrodes decrease in size, three-dimensional diffusion 

becomes dominant and results in faster mass transport [1]. These kinds of electrodes show 

steady state voltammograms. 

The nanoelectrodes made of gold metal could be potentially useful for a wide range of applications such 

as sensors, studies of electrocatalysis, kinetic measurements and stripping analysis. Needle-like, polishable 

nanoelectrodes are suitable for SECM [2]. 

Nicotinamide adenine dinucleotide (NAD) is a coenzyme in all living cells. The 

compound is a dinucleotide, because it consists of two nucleotides joined through their 

phosphate groups. It was shown that the reduction of NAD+ is more difficult than the oxidation 

of NADH [3]. In this study, a new process for fabricating nanometer-sized gold electrodes have 

been developed using a laser-based micro pipet puller and nano electrochemical behavior of 

NADH was investigated by cyclic voltammetry and square wave voltammetry on different size 

gold nanoelectrodes. In phosphate buffer potassium chloride was used as supporting electrolyte, 

fabricated gold nanoelectrode was used as a working electrode and silver wire was used as both 

reference and auxiliary electrode. Using two different concentration of potassium chloride, 

current-concentration relation was determined. In addition, the operational parameters of square 

wave voltammetry such as amplitude and frequency were optimized. 
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Low-Cost Diagnostics Based on a Single Responsive Polymer Film 

Sandwiched Between Two Conductive Tape Strips and Time-Concentration 

Dependent Acoustic Signalling 
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               The ability to perform low-cost and easy-to-perform point-of-use assays, would 

enable testing, typically reserved for well-equipped laboratories, to be performed in 

circumstances where resources and expertise are limited.1,2 In this work, we describe a novel 

transduction approach based on a single vertical conduit within a microfluidic device made of 

a responsive polymer membrane sandwiched between two conductive (copper) tape strips and 

3-mm hole patterned double-sided adhesive tape, as illustrated in the (middle) photo below. 

The microfluidic device is placed over a specially designed holder which, at the bottom (left 

panel), houses the measuring electronics enabling a blast signal when the electric resistance 

between the metallic contacts, located on the top, becomes < 20 MOhm. Tight contact between 

the metallic contacts and the copper strips is provided with the aid of a lid, which also brings 

an opening to allow the addition of the sample (30 μL). The device was primarily tested using 

a pH-responsive membrane, a copolymer of methylmethacrylate and methacrylic acid (Eudragit 

S100), and ammonia solutions over the concentration range 2-100 mM. Results demonstrated 

that the time required for a sample to degrade the membrane (pH>7) and move downward in 

the conduit, thus establishing an electrical connection between the copper layers (acoustic 

signal), is concentration dependent. Using immobilized urease onto 2-mm disks of Biodyne B 

nylon membrane, the proposed concept was successfully tested for the determination of urea in 

1:20 diluted urine samples. In this case, membrane degradation is caused by the enzymatically 

produced ammonia according to the chemical equation: 

Urea + H2O –(urease)  CO2 + 2NH3 
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Low Dimensional Bi2Te3-Graphite Oxide Hybrid Film-Modified Electrodes 

for Ultra-Sensitive Stripping Voltammetric Detection of Pb(II) and Cd(II) 

 
Foteini TseliouA, Mamas I. ProdromidisA,* 

 
ADepartment of Chemistry, University of Ioannina, Ioannina 45110, Greece 

 *E-mail: mprodrom@cc.uoi.gr 

 

In recent years there has been an explosion of interest to separate out individual two-

dimensional layers in various inorganic materials, similarly to the one-atom thick graphene 

sheets in graphite. The unique electronic, mechanical and electrochemical properties exhibited 

by graphene sheets and not by the bulk graphite, has triggered extensive research efforts 

focusing on a wide spectrum of non-carbon-based layered materials, including transition metal 

oxides (TMOs), transition metal dichalcogenides (TMDs), layered double hydroxides (LDHs), 

and other compounds such as boron nitride, bismuth selenide, bismuth telluride (Bi2Te3) etc1. 

In this regard, our attempt was focused to Bi2Te3. Bi2Te3 is a topological insulator, i.e. 

a material with insulating bulk band gap and metallic surface states. Bismuth is undoubtedly 

considered to be the most successful electrode material to replace highly toxic mercury in 

anodic stripping or cathodic voltammetry. 

In this work, we propose a simple liquid exfoliation method, using a triple blend of 1-

cyclohexyl-2-pyrrolidone (CHP), acetone and water for the exfoliation of Bi2Te3 and 

demonstrate: i) the long term stability of the resulting colloidal suspension, ii) an extended 

electrode surface coverage with respect to the bulk material, as it was documented by faradic 

electrochemical impedance spectroscopy comparative measurements, iii) effective mixing of 

Bi2Te3 colloids with aqueous suspensions of graphite oxide (GO), which used as dispersing 

material of exfoliated Bi2Te3 flakes over the electrode surface, iv) significantly enhanced 

detection capabilities of exfoliated Bi2Te3/GO hybrid film-modified glassy carbon (GC) 

electrodes over bulk Bi2Te3/GO hybrid film-modified GCEs towards the stripping voltammetric 

determination of cadmium and lead at the sub-microgram per liter level, and v) applicability to 

real samples. 
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Sensitive Anodic Stripping Voltammetric Determination of Cd and Pb. 
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Development of Sparked-Molybdenum Screen-Printed Graphite 

Electrodesfor the Determination of Synthetic Colorantsin Food and Drinks 
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                   Food colorants are categorized into natural and synthetic dyes. Among the synthetic 

ones, Sunset Yellow FCF (SY) (E110), Tartrazine(Tar) (E102), New Coccine(NC) (E124) and 

Brilliant Blue (BB) (E124), which belongs to the family of azo dyes, have been widely used in 

food industry. This work describes the development of an advanced electrocatalytic surface, 

based on sparked-molybdenum screen-printed graphiteelectrodes (sparked Mo-SPEs). Sparked 

Mo-SPEs were produced following a recently devised by our group1,2 green (no solutions are 

required), fast (typically takes 20-30 s) and facile metal-to-SPE electric discharge approach at 

1.2 kW under atmospheric conditions. At 0.1 M acetate buffer solution, pH 5 the developed 

sensors exhibited well-defined oxidation peaks positioned at 0.658 V for NC, 0.730 V for SY, 

0.901 V for BB and 0.973 V for TAR. Sparked Mo-SPEs demonstrated 4-fold signal response 

compared with plain graphite SPEs, thereby enabling the determination of each single colorant 

or the simultaneous determination of specific pairs of them (SY/TAR, NC/TAR, NC/BB)in the 

nanomolar range. Based on the importance of the above colorants in the food industry, further 

studies were focused to the simultaneous determination of SY and TAR. Various experimental 

variables, such as the composition of the working solution, the pH of the working solution, the 

preconcentration time and potential, the effect of the initial potential value of the square-wave 

(SW) voltammograms, the parameters of the SW waveform were investigated and under 

selected conditions a linear calibration curve over the concentration range from 5 to 250 nM 

SY/TAR was constructed. The limit of detection (S/N 3) was 1 and 2 nM, respectively. The 

developed sensors were also successfully applied to the determination of SY and TAR in 

various real samples. The accuracy of the method was established by recovery studies in spiked 

samples. Recovery was between 95-106%. Results suggested that the developed sensors are 

sensitive, rapid and reliable. 

 

 
Keywords: Sparked Modified Electrodes, Molybdenum Nanoparticles, Screen-Printed Electrodes, 
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The aim of this study was to develop a compact, low-cost and sensitive electrochemical 

cell in order to diagnose bacterial infection in water samples. To implement the reporting 

function for bacterium Escherichia coli, we isolated the enzyme beta-glucuronidase, which is 

excreted by 97% of all E.coli strains1,2. Induction of beta-glucuronidasewas enforced by methyl-

glucuronide, which is then released out of the cells with the aid of lysozyme and 

ethylenediaminetetraacetic acid. Experiments showed the critical role of dithiothreitol, which 

was added in both the enzyme induction and permeabilisationsteps to preserve the enzyme 

activity. Under optimized experimental conditions, beta-glucuronidase fractions, as they were 

isolated by centrifugation of the treated samples through a 200 kDa MWCO Vivaspin 

concentrator, catalyzed the hydrolysis of the added substrate phenolphthalein beta-glucuronide 

and the so released phenolphthalein was electrochemically measured in 0.1 M Phosphate buffer 

pH 7 by employing highly sensitive graphite screen-printed surfaces that allow the 

determination of phenolphthalein over the concentration range from 50 to 1000nM with a limit 

of detection (S/N 3) of 50nM. 
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Iron is the most common element in the earth, which plays an important role in 

environmental and biological system and therefore, the determination of iron is of major 

interest. This work investigated the determination of iron in drinking water with square wave 

voltammetry by using low-cost, disposable and highly reproducible graphite screen-printed 

electrode (SPE) modified with nafion.  

Nafion is a chemically inert polymer and suffixed that the modified electrode displayed 

a remarkably improved sensitivity and selectivity for Fe (III) through its interaction with the 

sulfonic groups exist on the polymer surface. The effect of the concentration of Nafion used for 

the modification of the graphite surface was investigated by comparing the response of 0.1, 0.2, 

0.5, 1.0 and 2.0% w/v nafion in ethanol-modified SPEs for a certain concentration of iron. Best 

results were obtained at 0.2 % w/v nafion in water. The effect of the preconcentration time was 

also investigated. All experiments were conducted at 0.01 M HCl. Under selected conditions 

and for a preconcentration time of 60 s, a linear response with respect to the concentration of 

iron was observed over the concentration range from 0.05 to 5 μM. The detection limit (S/N 3) 

was found to be 15 nΜiron. The developed electrodes were successfully applied to the 

determination of iron in tap water. The accuracy of the method was evaluated with recovery 

experiments in spiked samples. Recovery was 95%. Possible interferences from the coexisting 

ions were investigated. Results suggested that the proposed sensors are sensitive, rapid and 

reliable and can be successfully applied to the determination of Iron in water samples. 

 
 

Keywords: Screen Printed Electrodesn,Nafion Chelating Layers, Modified Electrodes, Fe (III), Square 

Wave Voltammetric Analysis.  
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Printed Electrodes for the Determination of Trace Cd and Zn 
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A graphite screen-printed electrode modified with tin nanoparticles (Sn-SPE) through a 

green, fast and easy-to-perform sparking process(see Figure below) was used for the square-

wave, anodic stripping voltammetricdetermination of trace cadmium (Cd) and zinc (Zn). 

Experiments were performed in the presence of bromide ions (Br−), which thanks to the 

complex formation with Cd(II) enabled to receive well-resolved stripping peaks for cadmium. 

In the absence of Br−, the stripping peak of Cd coalesces with that of Sn.Various experimental 

variables,such as the number of sparking cycles, the energy of the spark, the pH of the 

electrolyte, the SW parameters, the concentration of bromide ions, the deposition potential and 

the deposition timewere examined and optimized.Particular attention was paid to alleviate the 

interference of copper in order to allow the application of the developed sensors in real samples. 

Copper interference on Cd detection was alleviatedby the addition of ferrocyanide ions, while 

on Zn detectionby the addition of gallium ions.Under selected conditions, the limits of 

detection,for a 2 min preconcentration time, were 0.5μg/L Cd and 0.33μg/L Zn. The developed 

sensor wasalso successfully applied to the determination of Cd and Zn in tap water and in 

bottled water samples suggesting that Sn-SPEs represent a new promising type of low-cost, 

sensitive andenvironmentally friendlyelectrodes for the determination of Cd and Zn in the sub-

ppm level. 

 

 
 

 
Keywords: Spark Discharge, Tin Electrode, Screen-Printed Electrodes, Trace Metal Analysis, Anodic 

Stripping Voltammetry 
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Hexanedithiol and 1-Hexanethiol Self-Assembled Monolayers 
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The determination of the form of an element in environmental compartments is 

important for assessment of its biological activity (bioaccumulation, bioconcentration, 

bioavailability and toxicity) [1,2]. For essential elements like iron, speciation methods are 

needed because their bioavailability and metabolism are strongly dependent on the species 

involved. Particularly the iron uptake is in¯uenced by its oxidation state and complexation by 

inorganic and organic ligands. Techniques used to determine iron in environmental and 

geological samples include spectrophotometry,voltammetry, and amperometry [3-5]. 

 

In this study, hhe 1,6-hexanedithiol (Au-HDT) and 1-hexanethiol (Au-HT) SAMs 

modified electrodes (Au–HTs) were prepared keeping the clean gold electrodes in 

10mMHTssolutionsin ethanolfor3 h. Firstly, oxidation of Fe2+ at the Au-HTs electrodes surface 

was investigated by cycle voltammetry (CV). This process happens diffusion-controlled.   

 

Oxidation of Fe2+ was intestigated using square wave voltammetry (SWV) and 1,6-

hexanedithiol/Au (Au-HDT) and 1-hexanethiol/Au (Au-HT) electrodes. Lineer working ranges 

obtained from calibration graphs of iron by using Au-HDT and Au-HT electrodes were 0.05-

38.5 µM and 0.1-25.6 µM, respectively; the limit of detection (LOD) were found to be 0.016 

and 0.032 µM.Effect of some anions and cations on the response of Au-HTs SAMs to the Fe2+ 

ions was investigated. Additionally, the suggested method was also applied to the determination 

of Fe2+ various real samples such as drinking water and carob syrupsamples.Results compared 

with the values of producing company. 

 

 
Keywords: Determination of Iron, Self Assembled Monolayer (SAM), 1,6-Hexanedithiol, 1-

Hexanethiol 
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The 1,6-hexanedithiol (Au-HDT) and 1-hexanethiol (Au-HT)SAMs modified 

electrodes (Au–HTs) were prepared keeping the clean gold electrodes in 10m MHTs solutions 

in ethanol for 3 h. Au-HDT and Au-HT monolayer surfaces were characterized by cyclic 

voltammetry (CV), electrochemical impedance spectroscopy (EIS), contact angle measurement 

(CAM), ellipsometry, X-ray photoelectron spectroscopy (XPS)and scanning electron 

microscopy (SEM). 

 

The XPS obtained for HDT and HT adsorbed on Au surface in the S(2p) region. It shows 

a peak maximum at binding energys of 161.9 and 162.1 eV, respectively. The detection of 

sulphur element indicated that the HTs molecules were likely to be chemically adsorbed on the 

Au surface. The sepeaks indicades that HDT and HT molecules hold on toAu suface [1,2]. Au-

HDT showed two S(2p)asymmetric peaks. One of them is free SH grup at binding energy of 

164.2eV. The other is at binding energy of 161.9eV, indicative of the formation of a covalent 

S-Au bond. Au-HT showed one S2p peak at binding energy162.1eV. This peak demonstrates 

the formation of a covalent S-Au bond on Au surface. The presence of one SH peak in Au-HT 

proves to be the only one SH group.  

 

The electrocatalytic activity of the catalyst were studied by CV and EIS. The EIS data 

were approximated by appropriate electronic equivalent circuit models from which kinetic 

parameters, such as faradaic charge transfer resistance (Rct), double layer capacitance, and 

potential dependent charge transfer rate constant (ko) were estimated.The extent of Au-HDT 

and Au-HT surfaces coverage were evaluated as 9.0×10−10mol cm−2 and 9.6×10−10 mol cm−2 

based on charged consumed for reductive desorption of the monolayer in the 0.5M NaOH 

solution, respectively. 
 

Keywords: Self Assembled Monolayer (Sam), 1,6-Hexanedithiol, 1-Hexanethiol, Comparative 

Chacterization. 
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Valve-Regulated Lead-Acid (VRLA) battery has been one of the most important energy 

storage devices since it was introduced in the early 1970s [1]. Two main technologies are 

used to immobilize of sulfuric acid (electrolyte). One of this technology is called as adsorbed 

glass mat (AGM) and electrolyte is adsorbed in a kind of separator. The other technology is 

known as GEL-VRLA battery in which the electrolyte is obtained by the mixing electrolyte and 

gel agent. Fumed silica and colloidal silica are used as gel agent to prepare three dimensional 

gel structure [2-4]. However poly-siloxane based gel agent can be an alternative to these gel 

agents [5, 6]. 

 

In this study, a novel poly-siloxane gel agent was synthesized and characterized by FT-

IR, Zeta meter, SEM and EDX analysis. Poly-siloxane based gel system was prepared and 

characterized by electrochemical methods (cyclic voltammetry and electrochemical impedance 

spectroscopy). Optimum concentration of gel agent was determined as 6 wt% of PSGA to form 

the best gel structure. The mechanical parameters related forming a suitable gel structure was 

also investigated. Optimum stirring rate and agitation time were determined as 500 rpm and 2.5 

hour, respectively. 
 

Keywords: Poly-Siloxane, Gel Agent, VRLA Batteries, Cyclic Voltammetry 
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Valve Regulated Lead-Acid (VRLA) batteries have common use in all around the world 

due to their lower cost, availability and low temperature performance, either with gel or 

absorptive glass mat technology.1 Two different immobilization methods have widespread use 

on VRLA batteries. These are known as absorptive glass mat (AGM) and gel electrolyte. Gel-

VRLA batteries have many advantages when gel and absorptive glass mat technologies 

compared. Gel-VRLA batteries experience less electrolyte stratification then AGM type VRLA 

batteries either with partial and deep discharge condition.2, 3 

In the present work, sodium silicate based corrosion protective film was generated on 

positive and negative electrodes by aqueous sodium silicate solution. Then electrochemical 

behaviors of the coated Pb electrodes were investigated in various electrolyte solutions by 

cyclic voltammetry and electrochemical impedance spectroscopy. Charge-discharge behavior 

and discharge capacities were obtained by battery tests. Finally, sodium silicate based gelled 

electrolyte and fumed silica based gelled electrolyte were compared by electrochemical 

methods and battery tests. Silicate coated electrode surface was characterized by SEM analysis. 

 

Keywords: Cyclic voltammetry, EIS, sodium silicate film, GEL-VRLA 
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Antimony exists in two common oxidation states, antimony(III) and (V). Sb(III) is 

generally accepted to be more toxic than Sb(V).Antimony and its compounds are listed as 

pollutants by the Council of the European Communities and the Environmental Protection 

Agency of the United States [1,2].Therefore, sensitive and selective methods for the 

determination of antimony have attracted considerable attention.  

Among the developed methods in the literature, voltammetric methods offer advantages 

of cost effectiveness, ease and speed of analysis, and high sensitivity. Many voltammetric 

studies, including stripping methods for determination of antimony, have focused on the 

modification of the electrode surface or use of a chelating/complexing agent to increase the 

detection limit. Electrodes based on mercury have been widely used for this purpose [3,4]. 

However it is not preferred to use due to its toxicity. Recently, theuse of environmentally 

friendly electrodes is preferred to use instead of mercury electrodes [5,6]. 

A very simple and sensitive adsorptive anodic stripping voltammetric method was 

developed for Sb(III) determination using rivastigmine (RIV) on a glassy carbon electrode 

(GCE). RIV is an active pharmaceutical ingredient for the treatment of Alzheimer and 

Parkinson’s disease. In this study, RIV was used as the chemical receptor for the first time. The 

calibration graph was constructed under the optimized conditions consisted of two linear 

segments of 5.0×10-4 – 0.5 µM (R2 = 0.9974) and 0.5–2.5 µM (R2 = 0.9959). The detection limit 

for Sb(III) was calculated as 7.1×10-11 M Sb(III)for the accumulation time of 120 s. The RSD (n 

= 5, intra-day) for 1.0×10-6 M Sb(III) and 5.0×10-7 M Sb(III) were calculated as 1.53% and 2.62%, 

respectively. 

The developed methods were successfully applied to determination of antimony in drinking 

water, natural spring water (bottled water) and Glucantime®ampoules by using the standard addition. 
 

Keywords: Rivastigmine, antimony(III) determination, adsorptive anodic stripping voltammetry, 

glassy carbon electrode 
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Sulfide species have many toxic effects to environment and living organisms. Sulfide 

species are largely found in industrial waste waters. It gives great attention in many fields like 

analytical chemistry, environmental chemistry, food science, and quality control. Also gas form 

of the sulfide (H2S) has negative effects on human health and the other living organisms. 

Therefore, fast, sensitive and selective determination of sulfide species or total sulfide in lake, 

river and industrial waste waters has gained a big importance for analytical and environmental 

chemists [1].  Several methods are available to measure sulfide and its species in aqueous 

medium. Among these methods, the electrochemical techniques have some advantages such as 

easy application, low cost, providing direct, sensitive and fast detection of lower concentrations 

of H2S [1, 2].  

Recently, modified electrodes have been prepared from various organic mediators for 

the electrocatalytic oxidation of sulfide. One of the important redox mediators is Calmagite [3]. 

However it has not been used for the electrocatalytic oxidation of sulfide. In this study, a new 

modified electrode has been proposed for electrocatalytic oxidation and determination of 

sulfide. For this, a Calmagite modified pencil graphite electrode (PGE) was prepared by 

electropolymerization of calmagite using cyclic voltammetry (CV). Electropolymerization 

parameters (monomer concentration, pH, scan rate, cycle number) were optimized. Cyclic 

voltammograms of  bare PGE and modified PGE were recorded in the absence and presence of 

sulfide in Britton Robbinson Buffer solution (pH 9.0) at scan rate of 20 mV/s. Cyclic 

voltammetric studies show that the peak potential of sulfide oxidation shifts from +400 mV at 

bare PGE to +200 mV vs. Ag/AgCl /KCl (sat) at modified PGE. This result showed that 

Calmagite modified PGE exhibit a good electrocatalytic activity towards oxidation of sulfide. 

Then, a homemade electrochemical flow cell was used to perform the electrocatalytic 

determination of sulfide in Flow Injection Analysis (FIA) system.  The electrocatalytic currents 

obtained from amperometric measurements in FIA at +250 mV vs.  Ag/AgCl /KCl (1.0 M) and 

at pH 9.0 BRBS containing 1.0 M KCl were linearly related to the concentration of sulfide. As 

a result, the development of a simple and highly sensitive electrochemical detection of sulfide 

based on a new modified electrode, Calmagite modified PGE, was described for the first time 

in FIA system using new home made electrochemical flow cell. 

 

This work supported from TUBİTAK (115Z235). 
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Hydrazine (N2H4) is a toxic substance. Also it is known with its carcinogenic, neurotoxin 

and mutagenic effects to living organisms and environment [1]. Hydrazine is widely used in 

industry and agriculture as a reactant in fuel cells, a corrosion inhibitor in boilers, a rocket 

propellant, an antioxidant, a catalyst and a pesticide [1, 2, 3]. Because of its all properties, 

sensitive, selective, fast determination of hydrazine has a critical importance in many fields like 

environmental science and chemistry. Redox mediators are significant molecules in 

electrochemistry because they transfer electrons between substrate and electrode surface. From 

these mediators, organic dyes have been widely used in preparing modified electrodes for high 

catalytic activity to many molecules. Among organic dyes, Pyrocatechol violet (PCV) which 

contains hydroxyl groups bonded to carbon atoms of the aromatic ring have also been used as 

a redox mediator for electrocatalytic oxidation of some compounds [4].  

In this work, electrocatalytic oxidation of hydrazine has been described using PCV modified 

pencil graphite electrode (PGE) for the first time. Modified PGE was prepared through 

immersion of PGE into 10-2 M PVC solution in water for 10 min. Cyclic voltammograms of 

bare PGE and modified PGE were recorded in the absence and presence of hydrazine in Britton 

Robbinson Buffer solution (pH 9.0) at scan rate of 20 mV/s.  Cyclic voltammetric studies show 

that the peak potential of hydrazine oxidation shifts from +600 mV at bare PGE to +200 mV 

vs. Ag/AgCl /KCl (sat) at PVC/PGE. This result showed that PVC modified PGE exhibit a good 

electrocatalytic activity towards oxidation of hydrazine. Then, a homemade flow cell, which 

was constructed from Teflon for PGE for the first time, was used to perform the electrocatalytic 

determination of hydrazine in Flow Injection Analaysis (FIA) system.  The electrocatalytic 

currents obtained from amperometric measurements in FIA at +100 mV vs.  Ag/AgCl /KCl (1.0 

M) and at pH 9.0 BRBS containing 1.0 M KCl were linearly related to the concentration of 

hydrazine. As a result, the development of a simple and highly sensitive electrochemical 

Hydrazine sensor based on a new modified electrode, PVC modified PGE, was described for 

the first time in FIA system using new home made electrochemical flow cell. 
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Future energy concerns demand a transition from fossil fuels to new energy sources that 

are more environmentally bening and renewable. Direct alcohol fuel cells (DAFCs) are 

considered an attractive power source with potential applications due to their ease of handling, 

high energy density, and low operation temperatures [1]. Due to its high conductivity, huge 

theoretical surface area, unique graphitized basal plane structure, efficient electrocatalytic 

activity, good stability and potentially low manufacturing costs, graphene and graphene-based 

metal nanocomposite electrocatalysts have been widely used as anode and cathode 

electrocatalysts in DAFCs for the respective methanol oxidation and oxygen reduction reactions 

[2]. Graphene exhibits excellent electron transfer promoting ability for some enzymes and 

excellent catalytic behavior toward small biomolecules such as H2O2, dopamine, ascorbic acid 

and glucose. In this study, we used a simple electrochemical method to fabricate the palladium-

electrochemical reduced graphene oxide (Pd-ERGO) layered nanocomposites by 

electrochemical reduction of graphene oxide and Pd on Au(111) electrode. Then Pd-ERGO 

electrode used as electrocatalyst for alcohol electro-oxidation and biosensors. Pd-ERGO 

composite modified Au electrode exhibited lower oxidation potential than naked Au electrode 

(Figure 1). Results show that Pd-ERGO hybrid has potential application as a heterogeneous 

catalyst support in alcohol electro-oxidation and biosensors. 

   
Figure 1. Cyclic voltammogram of Pd-ERGO nanocomposite modified Au electrode in solutions 

containing a) 1 M methanol b) 10 mM dopamine. 
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The electrochemical oxidation of alcohols is an important process with regard to direct 

alcohol fuel cells, alcohol sensing, and the electrochemical conversion of alcohols to aldehydes 

and ketones. Many electrocatalysts have been employed to oxidize alcohol, however, the 

highest electrocatalytic activity is gained at Pt and Pt-based alloys [1]. The strong adsorption 

of carbon monoxide on Pt tends to slow down the kinetics of methanol oxidation reaction, in 

addition to the high cost of precious Pt metal as a catalyst. As an alternative to Pt metal, recently 

as catalyst for alcohol oxidation reaction have been studied relatively less expensive noble 

metals such as Pd, Cu, Ni, etc. As catalysis is a surface effect, the catalyst needs to have the 

highest possible surface area. Therefore, carbon-supported electrodes are generally used as 

catalyst, such graphene, glassy carbon, graphite electrodes [2]. In the present work, Ni-

electrochemical reduced graphene oxide (ERGO) nanocomposite was synthesized on gold 

electrode surface by electrochemical method and than used for the electrochemical oxidation 

of methanol and ethanol in 1 M NaOH. This prepared Ni-ERGO nanocatalysts were 

characterized with X-ray diffraction (XRD), scanning electron microscopy (SEM), X-ray 

photoelectron spectroscopy (XPS) and energy dispersive X-ray analysis (EDX). The SEM 

image of Ni-ERGO nanocomposite was shown in Figure 1.  

 

 
                      Figure 1. The SEM image of Ni-ERGO nanocomposite. 

 

Keywords: Graphene Nanocomposite, Palladium, Electrochemical Reduction, Ethanol, Biosensor. 
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Nanostructured materials including carbon nanotubes, graphene, nanoparticles, 

nanowires and nanostructured polymers are widely used in biological, pharmaceutical, clinical, 

forensic, food safety, energy storage and environmental applications due to their good chemical, 

mechanical, electrical, structural, optical and thermal properties [1-3]. In this study, preparation 

of single-walled carbon nanotubes/conducting polymer nanocomposites coated electrodes were 

carried out using cyclic voltammetry (CV) and constant-potential electrolysis. For the 

electropolymerization process, pyrrole and 3,4-ethylenedioxythiophene monomers were used. 

Thus, single-walled carbon nanotubes/polypyrrole and single-walled carbon 

nanotubes/poly(3,4-ethylenedioxythiophene) coated gold electrode (AuE), platinum electrode 

(PtE) and glassy carbon electrode (GCE) were obtained during the study. The electrochemical 

behaviors of the coated surfaces were examined with cyclic voltammetry and electrochemical 

impedance spectroscopy (EIS). Various cyclic scans and electropolymerization times were used 

in order to investigate the changes in the electrochemical behaviors of the coated electrodes. 

We believe that the coated electrodes later on can be used for different applications such as 

biosensing applications. 
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 Interaction of anticancer drugs with DNA is an important topic for understanding the 

nature of binding mechanism of these drugs to DNA and for studies in drug discovery and 

pharmaceutical development processes [1,2]. Mitomycin C is a widely used chemotherapeutic 

agent which is generally effective for upper gastro-intestinal, breast and anal cancers [3]. In this 

study, we have prepared a sensing platform for Mitomycin C-DNA interaction based on single-

walled carbon nanotubes/poly(3,4-ethylenedioxythiophene) nanocomposite modified 

disposable pencil graphite electrode. The interaction between Mitomycin C and DNA on the 

prepared electrode was investigated using differential pulse voltammetry (DPV). The 

performance of the electrodes prepared in the presence and absence of carbon nanotubes was 

compared and dicussed. The changes in the peak currents of guanine and adenine were used as 

the indicators of drug-DNA interactions. 
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Acetaminophen is a pain killer and fever reducer. It is generally used to treat headache, 

backache, muscle aches, toothaches, colds and fevers. Thus, it is an attractive alternative drug 

for people who are sensitive to aspirin [1]. Conducting polymers are widely used materials with 

various applications. they are permeable to electroactive species, they can be easily  modified 

by various methods, they are efficient coatings for many surfaces. . These polymers have high 

conductivities, porous structures and high surface areas [2,3]. The aim of this work is to 

investigate electrooxidation of  poly(vinylferrocene) on platinum (Pt) electrode, gold (Au) 

electrode and glassy carbon electrode (GCE) in the presence of drug molecule, acetaminophen. 

Two different polymerization techniques were studied for a polymerization solution containing 

poly(vinylferrocene), tetrabutylammonium perchlorate and acetaminophen: constant-potential 

electrolysis and cyclic voltammetry. The electrochemical behavior of the oxidized form of the 

polymer (poly(vinylferrocenium)) modified electrodes were investigated in phosphate buffer 

solution containing NaCl. The electrochemical behavior of the  electrodes prepared in the 

presence and absence of of acetaminophen were compared and discussed..   The prepared 

electrode could be  very helpful in future  biomedical applications such as drug delivery. 
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The application of polymeric substances widely increased in recent years since they 

exhibit similar properties to the natural biological systems. Among various polymeric materials, 

conducting polymers are of quite importance for the development of drug release/delivery 

systems [1-3]. The aim of this work is to prepare poly(3,4-ethylenedioxythiophene) (PEDOT) 

coated surfaces in the presence of anticancer drug, Mitomycin C and to investigate the release 

behavior of the drug using electrical stimuli. Electropolymerization of 3,4-

ethylenedioxythiophene was performed in the presence of Mitomycin C using cyclic 

voltammetry and  constant-potential electrolysis. The controlled release behavior of the drug 

from the polymeric structure was achieved applying -0.2 V vs. Ag/AgCl to the system. 

Characterization of the polymer coated surfaces was performed with cyclic voltammetry (CV).  

 
Keywords: Electrochemistry, Conducting Polymers, Poly(3,4-ethylenedioxythiophene), Mitomycin C 
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Deoxyribonucleic acid (DNA) is the largest, welldefined and the most important 

molecule of life. DNA damage results in critical disturbances of the cell life. Damage to the 

DNA can cause serious negative effects  on human’s health. Thus, there is a considerable 

interest in the development of highly sensitive and accurate sensing platforms for the detection 

of DNA damage [1,2]. Electrochemical techniques are well suited for rapid and direct detection 

of DNA damage since DNA bases are electroactive. In addition, electrochemistry have attracted 

great attention for the construction of sensitive, selective, low-cost, rapid and simple sensing 

platforms [3,4]. In this work, we present a single-walled carbon nanotubes modified disposable 

pencil graphite electrode for the detection of DNA damage. DNA damage was investigated in 

the presence and absence of Fenton reagents (Fe2+/H2O2) according to the changes in the 

oxidation signals of DNA bases (Guanine and Adenine). Electrochemical detection of the 

damage was carried out with differential pulse voltammetry (DPV).  
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The reactive oxygen species produced in cells include hydrogen peroxide (H2O2) and free 

radicals such as the hydroxyl radical (·OH) and the superoxide anion (O2
−). The hydroxyl 

radical is particularly unstable and reacts rapidly with most biological molecules. This species 

is produced from hydrogen peroxide in metal catalyzed redox reactions such as the Fenton 

reaction. These oxidants can induce  cells damage by starting chemical chain reactions  by 

oxidizing DNA [1,2]. This damage to DNA can cause mutations and possibly cancer. 

Researches have been confirmed that antioxidant molecules can inhibit this DNA damage [3]. 

In the present work, we investigate the effect of ascorbic acid and uric acid on the DNA damage, 

produced by Fenton reagents (Fe2+/H2O2). A single-walled carbon nanotubes modified 

disposable pencil graphite electrode was used for the construction of the biosensing platform 

for the investigation of the effect of antioxidants on DNA damage. Electrochemical detection 

of the effect of antioxidants was carried out with differential pulse voltammetry (DPV) using 

different concentrations of ascorbic acid and uric acid. It was found that the studied molecules 

are able to inhibit the DNA damage. The effect of different interaction times of antioxidants on 

the inhibition of DNA damage was also examined in the present study. 
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A New Side Group Functionalized Electroactive Polymer and Its 

Electrochromic Application 
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Electrochromics are materials that can induce a reversible change in the absorption, 

reflection, or transmission of optical radiation when the material is involved in an 

electrochemical reductive or oxidative process in the visible, ultraviolet (UV), infrared (IR), 

and also microwave regimes of the electromagnetic spectrum. [1].Long term stability problem 

is the most important factor in front of the commercialization of electrochromic material [2,3]. 

To overcome of this problem,ITO/glass surface compatible electrochromic materials are 

important. 
 

 
In this work, we synthesized a 2,5-dithienyl-1H-pyrrole based monomer containing allyl 

subunit (EA1) and then this allyl subunit have functionalized with carboxyl groups which will 

be compatible with ITO / glass surface. After that, synthesized monomer directly polymerized 

on to ITO/glass surface via electrochemical process.AFM images reveal that electrochemically 

deposited poly-EA-a has a self-organized surface due to ITO competible–COOH subunit.The 

results clearly indicate that ITO/glass compatible side chain has a major impact on 

electrochromic performance of the polymer. Poly-EA1 with ITO/glass compatible side chain 

exhibits a high contrast ratio (∆T% = 58% at 850 nm), a response time of about 1.5 s, high 

coloration efficiency (382 cm2 C–1) and retained its performance by 98.3% even after 5000 

cycles.  
References: 

1.C.G. Granqvist, Progress in electrochromics: tungsten oxide revisited, Electrochim. Acta  (1999) 44 

3005–3015. 

2. Mortimer R. J., Electrochromic materials, Chemical Society Reviews  (1997) 26 147–156. 

3.Rosseinsky D. R., Mortimer R. J., Electrochromic systems and the prospects for devices, Advanced 

Materials  (2001) 13 783–793. 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

429 

 

P4-55 

A New Highly Stable Electrochromic Material from 2,5-Di-(2-Thienyl)-1H-

Pyrrole (SNS) Polymer Based on Schif Base-Metal Complexes  
Gözde LaçinelA,Sermet KoyuncuB, ÖmerFaruk ÖztürkA,* 

A Department of Chemistry, Canakkale Onsekiz Mart University, 17020 Çanakkale TURKEY 
B Department of Chemical Engineering, Canakkale Onsekiz Mart University, 17020 Çanakkale 

TURKEY 

*E-mail: ofozturk@comu.edu.tr 

Imine or Schiff Base polymers containing –CH=N- bound have beenused 

inoptoelectronic materials such as light emitting diodes, thin film transistors, electrochromic 

devices and photovoltaic cells [1]. Owing to the preparation of Schiff base–metal complexes 

on the polymer structure, the materials gain some useful properties. Schiff base-metal 

complexes have important roles both in chemistry as intermediates of many enzymatic 

reactions,and applications in chemistry and biology [2]. On the other hand, 2,5-di-(2-thienyl)-

1H-pyrrole (SNS) derivatives have outstanding properties for electrochromic applications. 

Moreover, the attachment of another electroactive or a photoactive moiety into SNS backbone 

can provide the band gap tunability and valuable properties. 
 

 

 

 

 

In this work, A new 2,5-di-(2-thienyl)-1H-pyrrole (SNS) moiety containing napthalene 

based imine side chain (GL-1)and its Ni complex (GL-2) has been synthesized for an 

electroactive monomers and then directly deposited onto ITO/glass surface via electrochemical 

polymerization process.Thin films of the GL-1 and GL-2 polymers electrodeposited onto 

transparent electrode showedambipolar multi-electrochromic behavior in anodic regime 

between 0-1.3 V. We further demonstrated that the electrochromic switching stability can be 

improved after attaching the Ni+2 metal ion on the SchiffBasse metal complex sturucture. 

Besides, GL-2 polymer film has a reasonable contrast ratio (ΔT = 35% at 950 nm), a fast 

response (0.8 s), high coloration efficiency (216 cm2 C−1) and retained its performance over 

98% even after 5000 cycles.  
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Electrodialysis (ED) is an electromembrane separation process in which ions are 

separated, concentrated and purified from aqueous feed solutions under the influence of the 

applied electrical potential gradient as a driving force. The ED process in combination with 

bipolar membranes (BMED) was developed to split an aqueous saline solution into its 

corresponding acid and base without addition of any chemicals. In this study, BMED was 

applied to a solution containing both lithium and boron. The effects of electrical potential 

applied and initial compositions of acid base compartments were investigated. Lithium was 

separated and recovered as LiOH while boron as B(OH)3(Figure 1). According to the results 

obtained, the efficiencies of separation and recovery for lithium and boron increased with 

increasing the electrical potential applied. However, after the maximum optimum voltage, no 

improvement in process performance was observed.The performance of BMED system was 

also influenced by the initial compositions of acid and base compartments.Thus, it was 

concluded that BMED is a successful electromembrane process for separation of boron and 

lithium simultaneously and their recovery from a mixture. 

 

Figure 1: Flow sheet for separation and recovery of boron and lithium 

Keywords: Bipolar Membrane Electrodialysis (BMED), Boron, Lithium, Separation, Recovery 
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Anticancer drugs are classed into various categories, mainly including cytotoxic, 

cytostatic and hormonally active compounds. Cytostatics may present secondary side effects 

and considerable health risks mainly cytotoxic, genotoxic (mutagenic), carcinogenic, 

embryotoxic and/or teratogenic effects. Cytostatics and their human metabolites enter the 

environment through discharge of untreated or partly degraded wastewater/hospital effluents, 

eventually reaching surface or groundwater resources.  

In this study, a fast, sensitive and robust analytical method was developed and 

optimized, for the simultaneous determination of 13 cytostatics (5-fluorouracil, methotrexate, 

paclitaxel, irinotecan, doxorubicin, epirubicin, etoposide, oxaliplatin, temozolomide, 

capecitabine, gemcitabine, cyclophosphamide and docetaxel) with various physicochemical 

properties, in aqueous matrix, using LC-ESI-MS/MS. Chromatographic separation was 

performed on an Acquity UPLC BEH C18 column (2.1mm * 100mm, 1.7μm) by Waters 

maintained at 30 0C. The mobile phase composition consisted of binary mixtures with 0.1% of 

formic acid in ultrapure water (A) and 0.1% formic acid in methanol (B) using a gradient 

elusion. Identification was achieved with a triple quadrupole detector (TqDetector, Acquity 

Waters, USA). MS operating parameters (ESI mode) were selected for optimum and 

unambiguous identification of analytes, using multiple reaction monitoring (MRM) mode. For 

isolation and preconcentration of the selected compounds, several SPE materials (PCX, C18, 

graphitized carbon and HLB) were tested in an off-line solid-phase extraction assembly. 

The two optimum selected ion transitions as well as the retention time for each 

compound are given as follows: 5-fluorourarcil (negative mode) 129>42, 86; 1.3 min, 

gemcitabine 264>122, 95; 1.6 min, temozolomide 195>138; 2.3 min, methotrexate 455>308, 

175; 6.1 min, cyclophosphamide 261>140, 106; 8.8min, irinotecan 587>124, 167; 9.2 min, 

etoposide 589>229, 185; 9.9 min, doxorubicin 544>130, 361; 10.6 min, capecitabine 360>224, 

174; 10.7 min, epirubicin 544>361, 397; 10.8 min, paclitaxel 854>105, 286; 13.4min, docetaxel 

808>226, 282; 13.8 min, oxaliplatin 396>134, 162; 18.7 min.   

The efficiency of the extraction process was tested using different cartridge materials, 

sample volume, pH of initial sample and different elusion solvents. HLB cartridges have 

achieved increased recoveries for methotrexate (84%), etoposide (83%) and oxaliplatin (82%) 

at pH 5, whereas C18 cartridges for capecitabine (81%) and docetaxel (91%) at the same pH. 

Graphitized carbon cartridges were efficient for gemcitabine (78%) and cyclophosphamide 

(82%) at pH 3, while PCX cartridges were proven suitable for methotrexate (95%) at pH 5.  The 

next step is the development of a combined extraction process for the simultaneous analysis of 

13 cytostatics in drinking and surface waters using different SPE material and the application 

in real samples. 
Keywords: LC-MS/MS, SPE, Cytostatics, Pharmaceuticals 
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Alkaline phosphatase (AP) is a membrane-bound glycoprotein that is widely 

distributedinthe plasma membrane of cells of various organs and also found in many organisms 

from bacteriato humans1. The complete amino acid sequence and three-dimensional structure 

of human placenta alkaline phosphatase has been reported. Based on the literature data, this 

protein contains two putativeglycosylation sites, at A sn-144 and A sn-2712. However, it only 

contains a single occupied N-linked glycosylation site and no occupied O-linked glycosylation 

sites. Glycosylation is one of the most important and most complex post translational 

modifications(PTMs) of proteins and plays a significant role in many biological processes, 

including protein stability, cellular adhesion, signaling and most importantly diseases. More 

than halfof the human proteins are glycosylated and their function depends on particular 

glycoforms. N-linked glycans are complicated by their monosaccharide compositions, 

branching and glycosidic linkages. They can be divided into three main groups based on their 

monosaccharide composition and branching: 1)highmannose, 2) complex; and 3) hybrid types.  

Massspectrometry(MS) combined with a variety of separation techniques such as capillary 

electrophoresis (CE), liquid chromatography (LC), and hydrophilic interaction 

chromatography (HILIC)has been widely employed for the characterization of 

theglycanstructuresderivedfromglycoproteins3. HILIC is widely used for the analysis of 

glycans from glycoproteins. In this chapter, we investigated N-glycan structures from human 

placenta alkaline phosphatase (PLAP). First, we used in-gel tryptic digestion of PLAP to 

determine the glycosylation site within the peptidese quence of the glycoprotein. Second, N- 

linked glycans were released and purified from PLAP glycoprotein by in-gel PNGase F 

digestion. Third, purified   N-glycans   were   analyzed   by HILIC-ESI-FT-MS to determine 

the structures and finally, the PLAP N-glycans were identified by data processing and glycanas 

signment soft wares based on their mass composition and established biological rules. 

 
Keywords: Glycosylation, HILIC, Mass Spectrometry, N-linked glycans 
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Chromatography High Resolution Mass Spectrometry 

  
Reza Aalizadeh,NatasaA P. KalogiouriA, Nikolaos S. ThomaidisA,* 

ALaboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian University 

of Athens, Panepistimiopolis Zografou, 15771 Athens, Greece 

*E-mail: ntho@chem.uoa.gr 

 

Liquid chromatography coupled to high resolution mass spectrometry (LC-HRMS) has been 

used widely due to its high sensitivity, selectivity and accuracy for identification purposes. One 

of the bottlenecks in non-target analysis of any sample by LC-HRMS is the identification of 

suspected and unknown compounds with high confidence. Mass accuracy and isotopic pattern 

of the precursor ions, MS/MS spectra interpretation and retention time (tR) information are 

needed to reach a high level of identification confidence. However, the identification procedure 

through non-target workflow requires of great effort and can be time consuming due to 

existence of false positive and less important features. For that purpose, we have developed an 

algorithm to rank the importance of features and decrease the number of features (MZ). 

Simulated Annealing (SA) [1] starts to rank the features, generated by peak picking algorithms, 

such as XCMS or MZ mine, based on their contributions on overall accuracy of increasing the 

net similarities between the samples. The net similarity function can be then coupled to either 

supervised or unsupervised techniques to derive the important MZ and map their effects on 

grouping of similar samples. Support Vector Machine (SVM) has been widely used to study 

the correlation of certain number of features with related properties [2], but have not been 

applied so far in non-target screening workflow. In this contribution, we successfully coupled 

a features selection algorithm with SVM to distinguish between most and least important 

features to enhance the identification procedure. For a case study, the proposed method was 

successfully applied in real olive oil samples for the identification of markers responsible for 

sensory profile. Out of 771 features, created using XCMS, 11 features found to be the most 

important compounds that can be used to differentiate extra virgin olive oil from defective oils. 
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Currently, there is emerging concern for the substantiation of olive oil’s authenticity, 

due to its economic importance, no less than it is considered a prime component due to its 

nutritional, sensory and therapeutic properties [1, 2]. In this respect, an RP-UHPLC-ESI-

QTOFMS analytical method was developed employing target, suspect and non-target screening 

strategies coupled to advanced chemometric tools for the investigation of authenticity of extra 

virgin olive oil (EVOO). The proposed method was successfully applied in real olive oil 

samples for the identification of markers responsible for its sensory profile. The proposed target 

analytical method includes the determination of 14 phenolic compounds and demonstrated low 

limits of detection (LODs) over the range of 0.015 (apigenin) - 0.039 (vanillin) μg mL-1 and 

adequate recoveries (96-107%). A suspect list of 60 relevant compounds was compiled and 

suspect screening was then applied to all the samples. Semi-quantitation of the suspect 

compounds was performed using the calibration curves of the target compounds having similar 

structures. Then, a non-target screening workflow was applied with the aim to identify 

additional compounds, responsible to differentiate EVOOs from defective oils. Robust 

classification-based models were built using supervised discrimination techniques, PLS-DA 

and CP-ANNs, for the classification of olive oils into EVOOs or defectives. Variance in 

Projection (VIP) was calculated to select the most significant features that affect the 

discrimination. Overall, 51 compounds were identified and suggested as markers. 14, 26 and 

11 compounds were identified using target, suspect and non-target screening, respectively.  
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Etodolac (ETO), 1,8-diethyl-1,3,4,9-tetrahydropyrano-[3,4-b]indole-1-acetic acid, is a 

non-steroidal antiinflamatory antirheumatic drug widely using as a painkiller (Figure 1). 

Several analytical methods have been reported in literature for the determination of ETO [1-3]. 

It’s aimed in our study to develop an accurate, sensitive and rapid method for determination of 

etodolac in human plasma samples. This method includes a very simple liquid-liquid extraction 

procedure consisted precipitation with methanol.  

 

Figure 1. Chemical structure of etodolac (a) and flurbiprofen (b) 

In this study, a rapid and sensitive ultra performance liquid chromatographic tandem 

mass spectrometric (UPLC-MS/MS) method was developed and validated for quantitative 

assay of etodolac (ETO) in human plasma. Flurbiprofen (FLU) was used as internal standard. 

(Figure 1). 

Measurement were performed on an UPLC system (Agilent 1260 series) consisting of 

a quaternary pump, degasser and autosampler. A gradient elution was performed with the 

mixture of methanol/water (5 mM AMNF). For mass spectrometric detection, an Agilent 6460 

triple quadrupole equipped with a Jet Stream electrospray ion source operating in negative-ion 

mode was used. Selected precusor and product ions for ETO and FLU were 286.2 212.1 and 

243.2199.1, respectively. The LLOQ was established at 1 ng/mL, and the LLOD was 

calculated as 0.2 ng/ml (S/N =3). The method was linear in the range of 1-5000 

ng/mL.Developed method is sufficiently sensitive to permit determination of ETO even down 

to 1 ng/mL in plasma samples. Hence, we can conclude that the proposed method is suitable 

for rutin determination of ETO in real plasma samples obtained from patients who used ETO 

medications. 
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Flurbiprofen (FBP), 2-(2-fluro-[1,1'-biphenyl]-4-yl)propanoic acid, is a member of non-

steroidal anti-inflammatory drug (NSAID) group, mainly used in surgery and cancer pain 

management (Figure 1). Several analytical methods have been presented for FLP in 

pharmaceutical formulations [1-3]. The aim of this study was to develop a simple, precise, 

accurate and specific UPLC-MS/MS method for determination of FBP from pharmaceutical 

formulations. The working standard solutions of FBP and internal standard (IS) (etodolac) were 

prepared from the stock solution (1 mg/mL) in methanol  and they were prepared in the range 

of 5-5000 ng/mL. All samples were included 100 ng/mL IS. Chromatographic separation was 

carried out a mobile phase consisting of methanol and water (5 mM AMNF) with a gradient 

program. Flow rate was 0.4 mL/min. Mass spectrometric detections were carried out in 

negative-ion mode. Selected precusor and product ions for FBP and IS were 243.2199.1 and 

286.2212.1, respectively. The LLOQ was established at 1 ng/mL, and the LLOD was found 

as 0.2 ng/mL (S/N =3).  

  

 
 

Figure 1. Chemical structure of flurbiprofen (a) and etodolac (IS) (b). 

 

The method was linear in the range of 1-5000 ng/mL. Developed and validated method was 

successfully applied to three different pharmaceutical formulations of FBP in Turkish drug 

market. 
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PFOS (Perluorooctane sulfonate) and PFOA (perfluorooctanoic acid) are fluorinated manmade 

organic chemicals that have been used in cleaning products; paper packaging for food; stain 

and water resistant carpets, clothing, upholstering etc. 

PFOA and PFOS are stable in environmental media. Because they are resistant to 

environmental degradation processes, such as biodegradation, photolysis, and hydrolysis. In 

water, no natural degradation has been demonstrated. They can be transported long distances 

in air or water as a result of being persistant. These compounds have been detected even in 

Arctic media and biota, including in polar bears, birds, and fish. 

Water resources have been contaminated by PFOA and PFOS mainly releases from 

manufacturing sites, industrial sites, fire training areas, and industrial or municipal waste sites. 

Water contamination by these chemicals became an interest among scientists throughout 

the world. However, in Turkey, no study about this subject has been reported yet. There is a 

need for data to analyze occurrence of these compounds in water and data on health effects. 

In this study, liquid chromatography tandem mass spectrometry (LC-MS/MS) method 

for the determination of PFOS and PFOA in drinking, ground and surface water is going to be 

experinced. Analyses will be carried out  based upon the EPA Method 537. In this method solid 

phase extraction (SPE) cartriges are used to extract the analytes and the compounds are eluted 

from the solid phase with a small volüme of methanol. An injection are going to be made into 

an LC equipped with a C18 column that is interfaced to an MS/MS.  

Keywords: LC-MS/MS, PFOS, PFOA 
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It has been known that 7 of the each 10 drug prescriptions written in Turkey contain 

antibiotics and the resistance of many bacteria species against antibiotic is very high throughout 

our country. Antibiotics have taken place on the top among all the drug consumption for 6 years 

in ourcountry. Human induced antibiotic consumptions in Turkey have been incresing a little 

more with each passing year. This makes think that the setopic groups carry potential risks in 

terms of environment. Although the excess consumption of antibiotics was emphasized many 

times in the last years, unfortunately, there are no studies about determination of antibiotic rate 

and composing the analysing method intended the determination of antibiotics. 

Antibiotics will be analysed by LC-MS/MS. The composite samples will be taken from 

the water matrice seasonally. These lected antibiotics will be determined by SPE 

(solidphaseextraction)  using LC-MS/MS and afterwards, the emission rate of antibiotic will be 

calculated. 

A standard measuring method is not available for the antibiotic analyses in the water 

matrice. As seen from the literature, analyzing methods can be different according to the 

antibiotic groupand the analyzes of the antibiotics belonging to the same group draw attention. 

The most commonly use dantibiotics in Turkey have been specified as 5 different groupsand 

the analyzes of these antibiotics will be realized by selecting only the optimum method after 

experiencing different methods. The antibiotics which have been parted according to m/z 

(mass/charge) ratioby LC-MS/MS, the highest technology of HPLC, for carrying out the 

analyzing method more sensitevely are subjected to degradation using a high-purity special 

gasnamed as collision gas. For this reason, LC-MS/MS makes the quantitation of thelow-

concentrated material possible. Besides, verification of the results is not needed. 

Keywords: Antibiotics, SPE, LC-MS/MS, Water Matrice 
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Sample preparation is one of the most important stages of the analytical process. This 

step becomes more important as the complexity of the samples increases and when the 

concentration levels to be detected are minimal. In fact, selecting the detection technique for an 

analysis is currently considered easier than choosing the sample treatment technique.  

Preparation of samples involves clean-up and pre-concentration procedures aimed to 

improve the sensitivity, specificity and selectivity of the analytical methods. Current trends in 

analytical chemistry focus on miniaturization of these steps. For aqueous samples, conventional 

extractions require 1 to 2 L of water to obtain sufficient micropollutant residues for analysis. 

Extraction and enrichment steps in these traditional sample preparation techniques are tedious, 

time consuming, labor intensive and use large of organic solvents. 

The application of a efficient extraction technique which is known as stir bar sorptive 

extraction (SBSE), followed by  gas chromatography (GC) and triple quadrupole mass 

spectrometry, was assessed for determining a lot of pollutants in water samples.  

The extraction conditions such as methanol addition (2, 5, 10, 20 %), extraction time (1, 

2, 5, 10 hours), lenght of bar (1 and 2 cm) and sample volume (50, 100, 250 mL) profiles were 

studied.  

The individual quantification of Polyaromatic Hydrocarbons (PAHs), in different  water 

samples (tap water, drinking water and wastewater were analyzed. The full analytical protocol 

including Stir Bar Sorptive Extraction (SBSE) and tandem mass spectrometry detection allowed 

the detection limit in the range of 0.1–5 ng L−1. PAHs quantification is achieved using a five 

point calibration plot with internal calibration. Real sample analysis proved that the procedure 

is convenient for PAHs determination in environmental water. 

Once SBSE parameters were optimized, the method presented good linearity, good precision 

and sensitivity. This method can be considered as an alternative to other analytical methods, 

which used SPE and SPME, for determining PAHs in waters. The main advantages of the SBSE 

method are: its simplicity without any preliminary sample preparation step and the reduced 

volume of organic solvents used. 
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The using of laser ablation in combination with ICP–MS for the determination of major, 

minor and trace elements as well as isotopic ratios in solids and liquids has grown over the past 

decade. There are several advantages using laser ablation as a sampling technique:  Almost no 

sample preparation and no contamination from solvents and acids,  less interferences due to the 

absence of solvents and acids, spatial resolution to as low as few µm (1-2 µm) are possible, 

elemental and isotopic information are obtainable,  limits of detection are superior to other solid 

sampling techniques and  the speed of data acquisition allows large quantities of samples to be 

analyzed within reasonable time. Although laser ablation has many advantages, the bigest 

disadvantages of this technique is quantitative analysis. Quantitative analysis by laser ablation 

ICP-MS is difficult to achieve for many sample types. This reflects a lack of suitable standards 

which ideally, though unobtainably, need to be identical to the sample both chemically and 

physically on all relevant spatial scales. Accurate results are generally obtained only when the 

sample and the standard are prepared in the same matrix. In this study, fusion discs are used as 

calibration standards. The prepared fusion discs were checked in terms of the homogenity and 

some important laser parameters; laser energy, laser frequency, scan rate, carier gas flow and 

aperture size were optimized. The method has linear working ranges of 30-1000 mg/kg for Br 

and 120-1600 mg/kg for Sn. Method’s precision values were calculated as 6 % for Br and 12 

% for Sn. The uncertainties of method were estimated as 20% for Br and 28% for Sn and then 

for 95% confidence interval, the relaibility ranges of the method were found as 408-612 mg/kg 

for BFRs interms of Br concentration and 720-1280 mg/kg for OTCs interms of Sn 

concentration. 

The results obtained have shown that this technique can be used for screening of plastics 

materials ın terms of polybrominated flame retardants and organotin compounds which are 

under regulation by most of the countries especially in EU countries. Besides the LA-ICP-MS 

method can be used for heavy metals (Cr,Cd, Pb and Hg) analysis in platics with optimization 

of some laser.  
 

Keywords: Plastics, Laser Ablation Inductively Coupled Mass Spectrometry, Polybrominated Diphenyl 

Ethers, Organo-Tin Compounds, Heavy Metals.  
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Aptamer whose archaic meaning  is ‘suited’ or ‘adapted’ is  RNA or DNA 

oligonucleotidethat can bind to their targets with high affinity and specificity[1].Thanks to the 

irunique characteristic sand chemical structure, aptamers offer themselves as ideal 

candidatesforuse in analytical device sand techniques[2]. They are synthesized via vitro 

selection process called SELEX (systematic evolution of ligands by exponential enrichment) 

and they have a wide range of target molecules such as organic-inorganic molecules, drugs, 

proteins because of unique three dimensional structure.Aptamer-target interaction is so specific 

that aptamer which is generated by SELEX according to target only bind their target even if 

other protein structures are founded in the solutions. Despite a wide range of target, aptamer-

protein interaction is remarkable. In our study, Vascular Endothelial Growth Factor (VEGF) is 

an important protein in order to check aptemer-protein interactions.VEGF is charge of growing 

of the endothelial cells and create new blood vessels during embryonic development[3].Besides 

these features,VEGF is found in not only pyhsical process but also pathogenic ilnessess like 

tumor growth in the body. As a result, the amount of VEGF in the blood is  so important  that 

the detection of the low concentration VEGF has attracted in the science world for a long 

time[4].During our study,firstly, aptamers were bound to the polymericsurface via amine-to-

sulfhydryl crosslinker then the low concentration VEGF was preconcentrated with aptamers on 

the surface. VEGF which was bound aptamers on the polymeric surface was digested via 

tyripsin enzyme and then peptide fragments were analyzed by using MALDI-MS. Besides low 

concentration study of VEGF,it was succeed that VEGF was analyzed specifically in the 

solution which consists of other proteins such as lysozme and cytochrome c.Finally, aptamer-

VEGF interaction was checked in the blood plasma sample and VEGF peptit fragments was 

observed thanks to MALDI-MS. 
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Selective serotonin reuptake inhibitors (SSRIs) are the most commonly prescribed 

antidepressants. They can ease symptoms of moderate to severe depression, are relatively safe 

and typically cause fewerside effects than other types of antidepressants. SSRI sease depression 

by increasing levels of serotonin in the brain. SSRI sarecalled selective because they seem to 

primarily affect serotonin, not other neurotransmitters. SSRIs also may be used to treat 

conditions other than depression, such as anxiety disorders [1]. In this study, sertraline, 

fluvoxamine and citalopram were chosen as investigated drugs. 

In the HPLC method optimization, the most important aim is to provide the best 

separation conditions. Several approaches have been investigated to estimate the solute 

retention behavior as a function of chromatographic conditions. The factors generally selected 

to optimize the chromatographic separation of ionisable compounds are the pH of the mobile 

phase and content of organic solvent of the eluent. As well as this optimization, the 

solvatochromic linear solvation energy relationships(LSER) approach of Kamletand Taft 

allows us to predict the chromatographic retention of drugs studied for any composition of the 

mobile phases by using relationship obtained between the chromatographic parameter logk and 

solvatochromic parameters of mobile phases (π*, α, β). At the same time, chromatographic 

behaviour of compounds can be predict with linear relationships between the solute logarithm 

of retention factor and solvent polarity parameter ( N

TE ) [2]. 

The aim of this study is to select the optimum chromatographic condition to separation of 

citalopram, fluvoxamine and sertraline by using these approaches. The optimized 

chromatographic condition was applied to quantitative determination of investigated drugs in 

pharmaceutical dosage forms. 

Keywords: LSER, Kamletand Taft, Chromatographic Optimization, MethodValidation 
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Etodolac is a nonsteriodal anti-inflammatory drug (NSAID) that exhibits 

antiinflammatory, analgesic, and antipyretic activities. Various NSAID’s have been 

demonstrated to enhance analgesia such as thiocolchicoside which is also an anti-inflammatory 

analgesic with muscle relaxant action. Recently, several multivariate methods such as PLS 

(partial least squares), PCR (principal component regression) and ILS (Inverse Least Squares) 

have been applied to mixtures of drugs in pharmaceutical formulations in the presence of a 

variety of excipients.  

In this study, it is aimed to develop and validate simultaneous quantitative analysis of 

etodolac and thiocolchicoside in combined pharmaceutical preparation by the UV-Visible 

spectrophotometric method without any separation process by using the data obtained from 

chemometric calibration methods (PLS, PCR and ILS). 

The calibration (25 samples) and validation (8 samples) concentration data matrices 

were prepared by using the mixtures containing etodolac (15-75 μg/mL)  and thiocolchicoside 

(1-10 μg/mL) by using a factorial design method. The absorbance data in UV spectra were 

measured in the 241-440 nm spectral regions (Δλ = 1 nm intervals). After that PLS, PCR and 

ILS calibrations were plotted by concentration and absorbance data matrix. The validations of 

the developed multivariate methods were performed. Recovery values of PLS, PCR and ILS 

methods were calculated to be 102.5%, 100.6% and 103.5 % for etodolac while these values 

were calculated to be 102.0 %, 100.3 % and 101.7% for thiocolchicoside.  

The optimized models were successfully applied to the simultaneous assay of the two 

mentioned drugs in combined pharmaceutical formulation and obtained results found to be in 

good agreement with the label claim. In conclusion, it is claimed that these methods are simple, 

rapid and can be easily used in the quality control of drugs as alternative analysis tools. 

 

Keywords: Etodolac, Thiocolchicoside, Chemometric Calibration Methods, Experimental Design 

 

References: 

1. Pandey R, Patil P.O., Bari S.B., Dhumal D.M., Chem. Ind. Chem. Eng. Q. (2014) 20 (1) 9−17.  

2. Kelani K.M., Shalaby A.A., Elmaamly M.Y., Halim K.M., Pharm. Anal. Acta ( 2015) 6(1) 2-11. 

 

 

 

 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

444 

 

P4-71 

Simultaneous Determination of Anions and Orotate in Milk Samples by Ion 

Chromatography  

  
Orhan Destanoğlu, Gülçin Gümüş Yılmaz*  

 
Istanbul Technical University, Faculty of Science and Letters, Department of Chemistry, 34469 

Maslak, Istanbul, Turkey 

 

 

*E-mail: ggumus@itu.edu.tr  

 

Abstract 

 

We describe a simple method for simultaneous determination of chloride, nitrate, 

sulfate, iodide, phosphate, thiocyanate, perchlorate, and orotic acid in milk samples. The 

method involves the use of dialysis cassettes for matrix elimination, followed by ion 

chromatography on a high capacity anion exchange column with suppressed conductivity 

detection. The proposed method was successfully applied to milk samples collected from 

İstanbul markets. The advantages of the method described herein are reagent-free, simple, and 

reliable. 
 

Keywords: Milk, Dialysis, Anions, Orotic Acid, Ion Chromatography 

 

Introduction 

 

Thyroid hormones are necessary for brain and neural development in fetuses and infants [1]. In 

the cellular membrane of the cells from thyroid follicles, the protein responsible for iodide 

capture from the bloodstream was identified as Na+I- symporter (NIS). Sodium-iodide 

symporter is present in the thyroid gland and also in the mammary glands. Iodide is an important 

trace element used by the thyroid gland to make thyroid functioning in human beings [2]. A 

number of inorganic anions can block iodide (Iˉ) uptake at the thyroidal sodium iodide 

symporter (NIS) in a competitive manner. Among these, nitrate (NO3ˉ), thiocyanate (SCNˉ), 

and perchlorate (ClO4ˉ) are of particular dietary and/or environmental importance [3]. 

Sufficient inhibition of iodide uptake can lead to decreased thyroid hormone production and, 

ultimately, result in adverse health effects secondary to hypothyroxinemia. Chloride (Clˉ) is 

one of the typical anions which its determination in milk has a great interest. The chloride 

determination in milk is a useful parameter to understand the degree of subclinical mastite that 

may occur in the cattle [4]. It is important to determine phosphate and sulfate concentrations in 

milk because they are naturally present in the crude matter and may also be introduced during 

the industrial manipulations [5]. Orotic acid (1,2,3,6-tetrahydro-2,6-dioxo-4-

pyrimidinecarboxylic acid; uracil-6-carboxylic acid) is found in milk. The biological effects of 

orotic acid have been focused on considerable attention, because recent experimental studies 

have demonstrated that it is involved in carcinogenesis, hepatic lipid storage and renal toxicity 

[6]. Several studies have shown that repeated dosing of orotic acid promotes the formation of 

tumours initiated by various known carcinogenic substances [7]. 

 

Sample preparation is an important part of an analysis in a complex matrix especially 

for milk so as to manage a good analytic procedure. Because milk has high molecular mass 

compounds such as fats, proteins, and carbohydrates that can interfere with the analysis, some 
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initial cleanup procedures are required before analysis of anions. A wide range of techniques 

have been employed for the determination of anions and organic acids in milk, including 

voltammetry [8], flow injection methods [9], X- ray fluorescence spectroscopy [10], and 

neutron activation analysis[11]. In a representative report, anions, including iodide, nitrate and 

nitrite in biological samples were analyzed by micellar electrokinetic capillary chromatography 

[12]. In another study, determination of iodine species in milk was done with using epithermal 

neutron activation analysis. In this method, preconcentration of iodine anion was achieved by 

using polymer inclusion sorbent [13]. Another study showed that benzoic acid and sorbic acid 

in food products were analyzed by using electrokinetic flow injection analysis [14]. 

The aim of this work is to present a simple and accurate procedure for milk pre-

treatment. The sample’s matrix elimination is done by using dialysis method with dialysis 

cassette. The method takes advantage of following; (a) no chemicals are needed (b) proteins 

and lipids can be removed easily. 

 

 

Materials & Methods 

 

Instrumentation 

Dionex ICS-3000 (Sunnyvale, CA, USA) ion chromatograph equipped with a 

suppressed conductivity detector (ASRS ULTRA II-2mm suppressor and conductivity cell) was 

used for analyses of anions in milk samples. Chromatographic separations were performed at 

25ºC with a Dionex IonPac® AS20 analytical column (2x250mm) equipped with a Dionex 

IonPac® AG20 guard column (2x50mm). 

Preparation of milk samples for anions and orotic acid analysis 

 

Milk samples from different brands were purchased from local markets on different dates in 

İstanbul. 5 mL milk sample dialysis to 400 mL ultrapure water in a dialysis cassette in order to 

remove macromolecules such as milk fat, carbohydrates and proteins etc. After 45 hours in 

sample processing method dialysis filtrate was analyzed with ion chromatography with 

conductivity detector by using gradient elution program. 

 

 

Chromatographic conditions 

 

The conditions of the suitable program was: the concentration of NaOH; 0-1 min 3 mM 

isocratic, 1.1-13 min 3-20 mM gradient, 13.1-20 min 20 mM isocratic, 20.1-21 min 20-50 mM 

gradient, 21.1-24 min 50 mM isocratic, 24.1-25 min 50-3 mM gradient, 25.1-30 min 3 mM 

isocratic column temperature was 25°C, cell temperature was 30 °C; current of the suppressor 

was 31 mA and injection volume was 10 µL.  

 

Results & Discussion 

 

Validation of the method 

 

To validate the proposed method, numerous analytical parameters such as linearity, limits of 

detection (LOD) and quantitation (LOQ), with-in run precision, intermediate precision, and 

accuracy have been evaluated. Linear concentration range, linear regression equations, 

correlation coefficients, LOD and LOQ values are given in Table 1. 
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Table 1. Linear concentration range, regression equation, retention time, r2, LOD and LOQ values 

Analyte 

Linear Range 

(mg L−1) Regression Equation 

tR 

(min) r2 

LOD* 

(mg L−1) 

LOQ* 

(mg L−1) 

Chloride 0.01 - 9.0 y = 0.2131x – 0.017 7.76 0.9989 0.012 0.040 

Nitrate 0.05 – 9.0 y = 0.0791x – 0.0067 10.01 0.9985 0.516 1.720 

Sulfate 0.05 – 9.0 y = 0.0989x – 0.009 11.71 0.9999 0.520 1.733 

Iodide 0.03 – 9.0 y = 0.0437x + 0.003 13.76 0.9989 0.312 1.040 

Phosphate 0.01 – 9.0  y = 0.154x – 0.0219 14.29 0.9968 0.112 0.373 

Thiocyanate 0.01 – 9.0 y = 0.123x – 0.0058 16.13 0.9968 0.140 0.467 

Perchlorate 0.03 – 9.0 y = 0.0716x – 0.0114 16.87 0.9975 0.280 0.933 

Orotate 0.07 – 9.0 y = 0.0661x – 0.0026 19.08 0.9953 0.840 2.800 

*LOD and LOQ values were corrected with dilution factor of sample. 

Analysis of milk samples 

 

Figure 1 presents the chromatogram for the milk sample 3. The ion chromatographic 

results of the anions in milk samples are given in Table 2. The milk samples between number  

1–4 in Table 2 were different brands purchased from local markets on different dates in İstanbul. 

Sample number 5 was a raw milk sample. The raw milk sample was also boiled and it was 

analyzed in same conditions as sample 6. It has been observed that the concentrations of anions 

in raw milk were dramatically changed after boiling. Concentrations of chloride, nitrate, sulfate 

and orotic acid was increased whereas phosphate was decreased and thiocyanate peak 

disappeared in boiled milk. Moreover, a bottled daily milk sample (number 7) was analyzed. 

Chloride, sulfate, phosphate, and orotate were observed in all of the samples. Iodide and 

thiocyanate were detected in some samples. Perchlorate was not observed in the samples 

according to the present method. Nitrate was not measured in only one sample. 

 

 

 
Figure 1. Chromatogram of milk sample 3. 
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Table 2. Concentration results of chloride, nitrate, sulphate, iodide, phosphate, thiocyanate, 

perchlorate, and orotate in real milk samples (n=5). 
Samplea Chloride Nitrate Sulfate Iodide Phosphate Thiocyanate Perchlorate Orotate 

C 

(mg 

L-1) 

RS

D 

(%) 

C 

(mg 

L-1) 

RS

D 

(%) 

C 

(mg 

L-1) 

RS

D 

(%) 

C 

(mg 

L-1) 

RS

D 

(%) 

C 

(mg 

L-1) 

RS

D 

(%) 

C 

(mg 

L-1) 

RS

D 

(%) 

C 

(mg 

L-1) 

RS

D 

(%) 

C 

(mg 

L-1) 

RS

D 

(%) 

Sample 

1 

913.0 1.1 4.72 3.4 97.6 0.4 N.D. - 1680.

0 

1.2 N.D. - N.D. - 74.6 0.8 

Sample 

2 

998.5 0.8 6.37 12.4 156.5 4.3 N.D. - 729.7 0.7 N.D. - N.D. - 52.6 4.3 

Sample 

3 

896.2 0.1 8.06 1.9 79.9 0.8 7.87 2.29 798.8 0.6 N.D. - N.D. - 62.7 3.4 

Sample 

4 

938.6 0.7 9.30 2.2 80.1 1.5 7.45 3.76 672.6 0.1 N.D. - N.D. - 58.1 1.0 

Sample 

5 

1176.

6 

0.5 3.86 2.9 43.4 2.2 N.D. - 1278.

0 

0.4 2.8 0.7 N.D. - 52.1 1.5 

Sample 

6 

1474.

2 

0.1 4.98 2.4 85.7 1.8 N.D. - 839.1 0.4 N.D. - N.D. - 67.4 1.8 

Sample 

7 

1098.

6 

0.7 N.D. - 56.0 3.0 N.D. - 1107.

0 

0.4 N.D. - N.D. - 49.1 3.6 

 

Conclusion 
 

The most important advantage of this study is that this is the first study in the literature 

for the simultaneous determination of chloride, nitrate, sulfate, iodide, phosphate, thiocyanate, 

perchlorate, and orotate in milk by using dialysis technique for matrix elimination. This study 

may be a good alternative for studies related to needed difficult matrix elimination before 

analysis. The proposed method possesses many advantages which included easy preparation, 

the absence of chemicals, simple sample pretreatment procedure even if the dialysis time is 

long. The method was validated in terms of linearity, limits of detection and quantitation, intra-

/inter-day accuracy, precision, and recovery. After hundreds of injections, no significant 

changes were observed on retention times. Very stable retention time values indicated that not 

only our method had good precision, but the life time of analytical column has also been 

prolonged as well. LOQ values were adequately small even though the analytes were diluted to 

400 mL of water. 
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Abstract 
 

In this work, we presented a new method for simultaneous determination of cyanide and 

hexavalent chromium by ion chromatography with conductivity detection. Cyanide ions were converted 

into cyanate with chloramine-T at alkaline pH to make measurable with conductivity detector. The 

chromatographic separations on anion exchange column were accomplished by optimized multi-step 

gradient eluent program using NaOH as the eluent. Proposed method was applied to artificial 

electroplating wastewater solution, electroplating bath solutions and in industrial wastewater.  

 

Keywords: Cyanide, Hexavalent Chromium, Ion Chromatography, Conductivity Detection 

 

Introduction 

 

Since cyanide compounds can form stable complexes with metals in a wide spectrum, 

they are used in mining, metallurgy, manufacture, photography, etc. The most harmful cyanide 

species to the environment are shown to be free and WAD cyanides [1]. Inhalation of 

hydrocyanic acid (prussic acid (HCN)) or digestion of cyanide salts causes fast-appearing 

symptoms. HCN vapors are formed by mixing the salts with acids or in the stomach following 

oral ingestion. The lethal dose is probably 100 mg for hydrocyanic acid while it is 300 mg for 

potassium cyanide [2]. 

Chromium is generally used as an additive for alloys or materials to donate some 

properties such as strength, hardness, permanence, hygiene, color and resistance to temperature, 

wear and corrosion [3]. Chromium species can be released into environment through industrial 

activities such as textile dyeing, preservation of wood, tanning, paint and pigment production, 

electroplating and metallurgy. Cr(VI) can be toxic, mutagenic, and carcinogenic. Cr(VI) 

damages to the skin, the respiratory tract, the kidneys and augments risk of lung cancer 

depending on exposure type. The US EPA has set the maximum contaminant level for Cr(VI) 

in drinking water and inland surface waters as 0.05 and 0.1 mg L‾1, respectively. Industrial 

wastewaters containing chromium have to be refined prior to discharging into the environment 

because Cr(VI) concentration must be lower than the permitted limits [4]. Therefore, the control 

of these compounds in electroplating baths and wastewater is crucial issue. 

Cyanide ion (CN‾) and hexavalent chromium (Cr(VI)), which are highly toxic 

compounds, are extensively used in electroplating industry. Though many different methods 

have been described in literature for the determination of cyanide and Cr(VI) individually, no 

study has focused on simultaneous analysis. It is clear that simultaneous determination of 

Cr(VI) and cyanides in wastewaters is challenging task. 

In the present study, we developed a new method for simultaneous determination of 

cyanide and Cr(VI) by ion chromatography with suppressed conductivity detector. Cyanide was 
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converted to cyanate for being measurable with a conductivity detector, because the 

dissociation constant of hydrogen cyanate (HCNO) is highly sufficient (pKa = 3.66) to give a 

reasonable response [5-8]. Proposed method was applied to electroplating bath solutions and 

wastewater. 

 

Materials & Methods 

 

Instrumentation 

The ion chromatographic analysis was performed on an ICS-3000 (Thermo Scientific, 

Waltham, MA, USA) equipped with a suppressed conductivity detector (ASRS ULTRA II-

2mm suppressor and conductivity cell). An IonPac AG20 guard column (50 mm × 2 mm, I.D., 

Thermo Scientific, Waltham, MA, USA) and an IonPac AS20 separation column (250 mm ×2 

mm) were used as the analytical columns. The mobile phase gradients were generated on-line 

from ultra-pure water using the Reagent-Free (RF) EGC-NaOH EluGen II cartridge and then 

polished off from the contaminants using Continuously Regenerating Trap Column (CR-ATC). 

Data acquisition and instrumental control were performed via a Chromeleon Client (6.80) 

software (Thermo Scientific, Waltham, MA, USA). The RFIC system provides avoiding 

potential contamination compared to systems with manually prepared eluents. The instrument 

was also equipped with a pump attached to an AS autosampler. ICP-MS (Perkin Elmer ELAN 

DRC-E) analyses were conducted for determination of elemental content of samples. 

 

Optimum IC conditions 

 

Several IC parameters were exercised in order to separate the unidentified peaks, 

cyanate peak, thiocyanate peak, and Cr(IV) peak through the analytical column, and the 

resulting conditions were as follows:  

The optimized chromatographic conditions: the eluent gradient was 0-15 min 2 mmol 

Lˉ1 NaOH isocratic, 15-25min  gradient from 2 to 30 mmol Lˉ1 NaOH, 25-30 min 30 mmol Lˉ1 

NaOH isocratic, 30-31min gradient from 30 to 2 mmol Lˉ1 NaOH, 31-35 min 2 mmol Lˉ1 NaOH 

isocratic (recondition step). The suppressor current was 19 mA. Column compartment 

temperature and detector cell temperature were kept constant with a thermostate at 35 °C and 

40 °C, respectively.  The flow rate was 0.250 mL min−1 and the sample loop was 10 µL. 

 

Sample collection   

 

Electroplating bath solutions, effluent and refined wastewaters from industrial estate 

were collected from the İstanbul, İkitelli region. The samples were tightly stoppered and 

immediately transferred to the laboratory to keep at + 4 °C. The samples were pretreated as 

soon as taking out of the refrigerator and analyzed with IC. 

 

Conversion cyanide into cyanate 

 

Free cyanides react with chloramine-T to form an intermediate cyanogen chloride 

(CNCl), which is hydrolyzed to cyanate at alkaline pH when heated. 2-mL sample solution was 

mixed with 20 µL 5% chloramine-T solution, stoppered, and kept in a hot water bath (800C) for 

20 minutes in order to convert cyanide to cyanate. 
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Results & Discussion 

 

Simultaneous determination of cyanide and Cr(VI) 

 

A standard mix solution of 61.5 µmol Lˉ1 cyanide and 7.4 µmol Lˉ1 Cr(VI) was added 

to 30-40 µL of 10 M NaOH, thus the pH value adjusted to ≥ 12, then 20.0 µL of 5% chloramine-

T solution was added, vortexed for 1 minute, then kept in a water bath at 80 ºC for 20 minutes. 

The solution was allowed to reach room temperature, than loaded into IC autosampler vials. 

Figure 1 shows the chromatogram of a standard solution of cyanide and Cr(VI). 

 
 

 

 

 
 

Figure 1. Standard mix solution containing 61.5 µmol Lˉ1 cyanide and 7.4 µmol Lˉ1 Cr(VI) 

 

Method Validation 

 

Linearity, limit of detection (LOD), limit of quantification (LOQ),  and repeatability for 

the peak area and retention time parameters are given in Table 1. External calibration method 

was used for quantification analytes in the samples. Linearity was evaluated by linear regression 

with R2. LOD and LOQ were calculated from the peak height as the average concentration 

corresponding to the signal-to-noise ratio equal to 3 and 10, respectively. 

 
Table 1. Linear calibration curve parameters, RSD of the retention time, and area for 0.23 mmol L‾1 cyanide and 

0.03 mmol L‾1 Cr(VI), LOD (S / N = 3) and LOQ (S / N = 10). All the measurements have been performed by 

repeating six time injections. 

Analytes 

Linear Range 

(µmol L‾1) Regression equation r2 

tR 

(min) 

Area 

(µS min) 

RSD% (n=6) 

LOD   
(µmol L‾1) 

LOQ   
(µmol L‾1) tR Area 

Cyanide 0.6 – 961.5 Y= 0.0097x – 0.0539 0.999 18.31 2.21 0.34 0.91 0.18 0.61 

Cr(VI) 0.9 - 118.5 Y= 0.0038x – 0.001 0.999 27.05 0.11 0.04 1.46 0.26 0.86 

Analysis of artificial electroplating wastewater solution 
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10 mL of the synthetically prepared electroplating wastewater was adjusted to pH ≥ 12 

and 20 µL of 5% chloramine-T solution was added. Then, this solution was kept in a water bath 

at 80 0C for 20 minutes. After the temperature of the solution reached to room temperature, it 

was injected repeated five times into IC system under the optimum chromatographic conditions. 

Recovery values of cyanide and Cr(VI) were found 99.96 ± 0.15 % and 99.61 ± 0.31, 

respectively. Figure 2 presents the chromatogram of synthetic plating wastewater solution. 

 
Figure 2. Synthetic Plating Rinse Wastewater Solution 

Conclusion 

 
In conclusion, we proposed a new method for simultaneous determination of cyanide and Cr(VI) by ion 

chromatography with suppressed conductivity detector. The procedure is reliable, precise, selective, 

sensitive and suitable for routine analysis. The presented method is suitable for controlling cyanide and 

Cr(VI) concentrations in wastewater samples which has a great importance for environmental health.  

References: 

1. A. Zheng, D.A. Dzombak, R.G. Luthy, B. Sawyer, W. Lazouskas, P. Tata, et al., Environ. Sci. 

Technol. (2003)  37 107–15. 

2. S. Jickells, A. Negrusz, Clarke’s Analytical Forensic Toxicology; Vol 1, p 111-112, published 

by the Pharmaceutical Press, London UK, IL USA, 2008. 

3. R. Cornelis, H. Crews, J. Caruso, K.G. Heumann, Handbook of Elemental Speciation II: 

Species in the Environment, Food, Medicine & Occupational Health, John Wiley & Sons, Ltd. 

2005. 

4. S. Yalçin, R. Apak, Anal. Chim. Acta. (2004) 505 25–35.  

5. O. Destanoğlu, G. Gümüş Yılmaz, R. Apak, J. Liq. Chromatogr. Relat. Technol. (2015) 38 

1537–1545.  

6. J.S. Fritz, D.T. Gjerde,  Ion Chromatography, p61, WILEY-VCH Verlag GmbH, 2000. 

7. M. Nonomura, Anal. Chem. (1987) 59 2073-2076. 

8. M. Nonomura, T. Hobo, J. of chromatogr. A (1989) 465 395-401. 

 

 

 

 

 

 



10th Aegean Analytical Chemistry Days 

29 September – 2 October, 2016, Çanakkale, TURKEY   

452 

 

P4-73 

Chromatographic and Spectroscopic Determination of Oxidation 

Intermediates of a Fluoroquinolone Antibiotic (Levofloxacin)  

  
Ayça Atılır ÖzcanA,*, Ali ÖzcanA 

  
AAnadolu University, Faculty of Science, Department of Chemistry, Eskişehir, Turkey 

 

*E-mail: aatilir@anadolu.edu.tr 

 

Levofloxacin (LEV) is a more recently developed fluoroquinolone antibiotic that has 

been widely used to cure infectious diseases, such as community-acquired pneumonia and the 

acute exacerbation of chronic bronchitis. While antibiotics are very effective substances against 

some diseases, they show resistance to biodegradation, which increases the accumulation of 

these substances in the environment. This situation leads to the promotion of antibiotic 

resistance within the native bacterial populations [1-3], which is considered to be one of the 

greatest threats to human health by the World Health Organization [4]. Therefore, oxidation 

and elimination of these substances are very important objectives for human healthy and 

enviroment. In this frame, advanced oxidation processes (AOP) are very promising because of 

their high oxidation abilities [5-6]. In these methods, organic substances are oxidized up to 

carbon dioxide and water by radicalic species. The oxidation of organics leads to the formation 

of different intermediate species such as aromatic intermediates, short-chain carboxylic acids 

and inorganic ions. The determination of these intermediates is also a very important 

phenomena from environmental points. 

In this study, we have investigated the identification and quantification of oxidation 

intermediates of LEV formed during the electro-Fenton treatment, which is a most widely used 

AOP. The reaction between LEV and hydroxyl radical led to formation of different aromatic 

intermediates. Three of them were identified by liquid chromatography-mass spectrometry 

(LC-MS) analysis. Gas chromatography-mass spectrometry (GC-MS) analysis allowed the 

determination of eight aliphatic oxidation intermediates. High performance liquid 

chromatography (HPLC) analysis using an ion-exclusion column revealed the formation of six 

different short-chain carboxylic acids. Finally, the formation of inorganic ions (nitrate, 

ammonium and fluoride) was verified by ion-exchange chromatography analysis. 
 

Keywords: Antibiotics, Levofloxacin, Oxidation, Chromatography, 
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Polyesters are widely used in one or two components coating systems. Most coating 

polyesters which are made by diols and dibasic acids have amorphous and branched structure. 

Polyesters have the advantages for coating systems in terms of physical and chemical properties 

such as adhesion, toughness, abrasion resistance, durability, dispersibility, flexibility, stress 

release. They can be designed with combination and modification of different materialssuch as 

urethane, acrylic, silicone, polyamide to improve the mechanical properties (1). One of 

thesewell-designed types is urethane modification. The coating including the urethane-

modified polyester resin composition has improved exceptional mechanical strength and 

adhesion between the basecoat and a substrate or topcoat film and has enhanced processibility, 

impact resistance and flexibility. Urethane-modified polyester can be designed by reacting a 

polyester resin with an isocyanate compound. Types of diols, dibasic acids and 

isocyanateswhich are used in polyester resin have great importance in respect to variety 

properties given to coating systems (2). In this study, we aim to determine qualitatively the 

monomer composition of the polyester system which can be cross-linked melamine 

formaldehyde resins by FT-IR and Pyrolyser-GCMS. Initially, we have obtainedwhether or not 

there is urethane modification in polyester resin by using FT-IR. After then, diols, dibasic acids 

monomers and isocyanate types have been identified by Pyrolyser-GCMS. This 

researchimproves the characterization of polyester monomers and urethane types with different 

analytical method.  

Keywords: Polyester Resin, Urethanemodification, Pyrolyser-GCMS, Characterization, 

Coating 
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Protein kinases form an important part of these signal pathways which take part in issues 

that are of vital importance for the cells. Activation of receptors by growth factors is an 

important step for the proliferation of tumor cells. Epidermal growth factor receptor inhibitors 

(EGFR)are highly effective agents which are improved in the treatment of metastatic epithelial 

cancer. EGFRs are expressed too much in many tumor types. As a result of EGFR inhibitor’s 

usage in the treatment of many cancer types such as colorectal cancer, head-neck cancer, lung 

cancer and breast cancer, these inhibitors are accepted as successful agents that take part in the 

treatment of cancer.  

In the present work, ionization constants of several tyrosine kinase inhibitors named 

erlotinib, canertinib and bosutinib that are used for the treatment of cancer (especially leukemia, 

breast and lug cancer) determined by the reverse-phase liquid chromatographic (HPLC) method 

in 50% ACN- water binary mixture. The pKa values of studied compounds were determined 

from k/pH data pairs by means of the non-linear regression program NLREG [1]. 

 
Keywords: Erlotinib, Canertinib, Bosutinib, HPLC, Dissociation Constants 
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Macrolide antibiotics consist of 12-16 carbon atom lactone ring to which one or more 

sugar moites are substituted (1). They have been widely used in human and veterinary medicine 

to prevent and treat microbialin fections (2). Roxithromycin (ROX) is a semi-synthetic 

macrolide antibiotic derived from erythromycin, consist of 14 carbon atom lactone ring (3).  

pKa values are important parameters in absorption, distribution, metabolism, excretion 

and toxicity researches because it governs solubility, absorption, distribution and elimination 

of substances(4).There has not been reported for determination of pKa value of roxithromycin, 

including theuse of liquid chromatography. 

In this study pKa value of roxithromycin was determined and the effect of the mobile 

phase composition on the ionization constant was studied by measuring the pKa at different 

tetrahydrofuran (THF)- water  mixtures 35, 40 and 45% (v/v) using LC-UV method. 

Determination of pKa values were carried out by using the software NLREG 4.0 (6). This a 

non-linear regression program specifically developed to calculate pKa values from capacity 

factors and pH. 

 

 pKa Value 

35% THF 9.245±0.126 

40% THF 8.839±0.040 

45% THF 8.536±0.050 

 

Table 1. The pKa values and the capacity factors of ROX in THF-water mixture 

 
Keywords: Roxithromycin, RP-HPLC, pKa, Macrolide antibiotics 
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Glibenclamide, gliclazide (second generation sulfonylurea) and glimepiride (third generation 

sulfonylurea) are oral blood sugar-lowering drugs. They are oral hypoglycemic (anti-diabetic 

drug) and is classified as a sulfonylurea. Sulfonylureas are used to treat Type II diabetes. They 

inhibit ATPase-dependent sodium channels in pancreatic beta cells. 

Capillary electrophresis has been introduced as a convenient method for the separation of 

different substances. In the case of ionizable compounds, their electrophoretic behavior is 

established from the relationships between the electrophoretic mobility of each species, the 

dissociation constants of the substances, and the pH of the buffer solution. This allows the 

acidity constants of the substances by measuring the electrophoretic mobility as a function of 

pH.1,2 

In this work,  capillary electrophresis method have been used for the determination of the 

dissociation constants of some sulfonyl ureas namely glipizide, glibenclamide, gliclazide. 

 

Keywords: Dissociation Constants, Sulfonylurea, Capillary Electrophresis 
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Angiotensin converting enzyme (ACE) inhibitors are widely used in the treatment of 

hypertension. They have also been effective in a number of other disorders, prolonging survival 

in patients with heart failure, coronary heart disease, and acute myocardial infarction, and 

slowing the rate of progression in chronic renal failure, particularly diabetic nephropathy [1]. 

In addition to the role these group plays in constricting arteries and raising blood pressure, in 

that it causes increases in size or thickness of several cardiovascular structures. Therefore, 

determinations of clinical and physicochemical properties of these drugs are very significant in 

order to drug discovery, development and manifacturing.  

 

Dissociation constants (pKa) are fundamental to the variability of the biopharmaceutical 

characteristics of drugs. pKa values affect physicochemical properties such as aqueous 

solubility, which in turn influences drug formulation approaches. More importantly, absorption, 

distribution, metabolism, excretion and toxicity (ADMET) are profoundly affected by the 

charge state of compounds under varying pH conditions. Consideration of pKa 

values in conjunction with other molecular properties are great significance and have the 

potential to be used to further improve the efficiency of drug discovery [2].  

 

There are several different methods that can be employed to determine the pKa values 

of the drugs, such as: chromatographic, spectrophotometric, potentiometric and electrophoretic. 

This study demonstrated that determined the dissociation constants of studied ACE inhibitors 

(benazepril, cilazapril and quinapril)  in various acetonitrile-water mixtures to show how the 

temperature and solvent properties affect the dissociation of such compounds. In existing study, 

chromatographic pKa determinations were performed at two different temperature (25oC and 

37oC). A YMC Triart C18 column (150 x 4.6 mm ID, 3 µm) was used for all separations. The 

effect of the mobile phase composition on the pKa values was studied at four acetonitrile 

concentrations, 40%, 45%, 50% and 55% (v/v). In result, estimated pKa values of investigated 

drugs were assessed by comparing them with literature data. 
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Quinolones are a class of synthetic antimicrobial agents widely used against a variety 

of bacterial infections. Its molecular structure confers the characteristic of being 

zwitterionicdrugs1. As zwitterionic substances, they may exist in four different species 

(cation, neutral, anion and zwitterion) in solution depending on the pH of the medium and their 

dissociation constants2. A simple rule in reversed phase HPLC is that the more hydrophobic 

an analyte is the more it will be retained. Of course this observation is valid when the mobile 

phase consists of solvents that cannot induce ion formation of the analyte molecules. However, 

it is common place that using mobile phases adjusted different pH values, compounds bearing 

acidic or basic groups will ionize to a different extent. Therefore, depending on the eluent pH, 

analytes will be found partially or fully ionized form and their retention might have a 

considerable shift. A realistic approach of the retention mechanism should include the study of 

all interaction taking place. For these purpose quantitative structure retention relationships 

models are employed3. 

In the present study the dissociation constant and lipophilicity of anti‐diabetic drugs 

have been determined by reverse phase HPLC in isocratic mode. The influences of pH of the 

mobile phase and the organic modifier content (Acetonitrile) on the retention times were 

investigated. The theoretical models for the dependence of retention time on pH of the mobile 

phase were tested. Inclusion of the acid dissociation constant (pKa) and f parameters in the 

calculation makes it possible to predict the retention behavior of these compounds. pKa values 

are discussed in terms of solvatochromic parameters (π*, α, β), of the mixed solvent. The 

relationships obtained allow the calculation of the aqueous pKa values of the studied substances. 

Morever, trHA and trA calculated from the measured data in order to calculate log P parameters 

of these sustances. The distribution coefficient graphs were constructed by using 

mathematically derived theoretical equations (for neutral, P and ionic ,Pi) to show the change 

in lipophilicity with respect to pH. 

Keywords: Quinolones, RP-HPLC, Kamlet Taft solvatochromic parameters 
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The selective serotonin reuptake inhibitors (SSRIs) are antidepressant that used as a 

major alternative to tricyclic antidepressants in the treatment of depression as well as other 

psychiatric disorders such as mood, anxiety, some personality and eating disorders. The 

advantages of SSRIs over the tricyclic antidepressants are their less pronounced anticholinergic 

adverse effects and lack of severe cardiotoxicity [1]. Commonly used SSRIs include fluoxetine, 

sertraline, paroxetine, fluvoxamine, citalopram, and escitalopram. 

 

In the present work, thermodynamic protonation constant of SSRIs group drugs 

(fluvoxamine, citalopram and sertraline) using chromatographic data in acetonitrile-water 

binary mixtures with acetonitrile percentages of 40, 45, 50 and 55%(v/v) were determined with 

reversed phase liquid chromatography method (RPLC). pH values were measured in the 

hydroorganic mixture, which was used as the mobile phase, taking into account the effect of 

the activity coefficients. The combined effect of the two factors (solvent percentage and pH of 

the mobile phase) on the chromatographic behavior of these compounds was investigated. The 

sigmoidal relationship between mobile phase pH and experimental retentiion factor values of 

fluvoxamine, citalopram and sertraline at each mobile phase composition were given Fig 1. 

 

 
Fig.1. Plots of the calculated retention factors vs. the pH of the mobile phase for (A) citalopram 

(B) fluvoxamine (C) sertraline in several acetonitrile-water mobile phases. 

 

The thermodynamic aqueous protonation constant was also calculated from mobile 

phase pKa values determined by means of the Yasuda-Shedlovsky equation [2,3] and linear 

relationships between the mole fraction of acetonitrile and mobile phase pKa values.  

 
Keywords: Antidepressant, Combined Chromatographic Effect, Aqueous Pka Value 
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Most pharmaceutical compounds contain ionisable functionalities. The retention of an 

ionisable compound in RP-LC is different from the retention of a neutral one. An ionizable 

compound presents equilibrium between its acidic (HA) and its basic (A) forms related by the 

dissociation constant where the concentration each form depends on factor that effect the extent 

of the dissociation. In addition the hydrophobic interaction the secondary interactions between 

the species of ionisable compounds and stationary phase are important. The observed retention 

time (tr) is an average of the retention time of the neutral (tr,HA) and anionic forms (tr,A). It has 

been demonstrated that reversed phase liquid chromatography(RPLC) can be used to determine 

the dissociation constants of weak acids from the measurement of the retention factor of the 

solute as a function of the mobile phase composition [1].The simultaneous determination of pKa 

values together with the kHA and kA from k/pH data requires the application of non-linear curve-

fitting. Recently linear equation between log tr and molecular parameter, log [1-D(1-f )], was 

preferred. Inclusion of the acid dissociation constant (pKa) and f parameters in the calculation 

makes it possible to predict the retention behavior of ionisable compounds [2].In current study, 

the pH dependencies of the retention times of eightnon-steroidal anti-inflammatory drugs 

(NSAIDs)etodolac, diclofenac, acemetacin, aceclofenac,diflunisal, dexketoprofen, ketorolac, 

tolmetinand zofenoprilwere investigated. The data obtained are also evaluated for the 

calculation of the lipophilicity parameter. The results obtained revealed the chromatographic 

method can be used for pKa and log P/logD determination. 
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Diabetes mellitus is a heterogeneous group of disorders characterized by abnormalities 

in carbohydrate, protein, and lipid metabolism. Drugs belonging to classes such as sulfonyl 

ureas (glipizide, glibenclamide, glimepiride) and thiazolidinedione group derivatives 

(pioglitazone, rosiglitazone), are the commonly prescribed hypoglycemic drugs for the 

treatment of non-insulin dependent type II diabetes mellitus [1,2]. In the present study the 

dissociation constant and lipophilicity of anti‐diabetic drugs have been determined by reverse 

phase HPLC in isocratic mode. The influences of pH of the mobile phase and the organic 

modifier content(THF) on the retention times were investigated. The theoretical models for the 

dependence of retention time on pH of the mobile phase were tested. Aqueous pKa values;tr,HA 

and tr,Acalculated from the measured pKa in order to calculate log P parameters of sulfonyl 

ureas. The distribution coefficients graph were constructed by using mathematically derived 

theoretical equations(for neutral, P and ionic, Pi) to show the change in lipophilicity with 

respect to pH.Similar approach was also applied thiazolidinedione derivatives.In this 

study,sulfonyl ureasand thiazolidinedione group drugs were determined by the reverse-phase 

liquid chromatographic (RP-HPLC) method with UV detection in 40, 45, 50, 55% (v/v) 

acetonitrile-water binary mixtures. Chromatographic separation was performed using YMC 

J’Sphere ODS-H80 column (150 mm × 4.6 mm, 4.0 μm). 
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Amino functionalized organic compounds are ubiquitous in nature. Their biological 

importance [1] has led to extensive studies of their structural and physicochemical properties. 

In addition to their relevance in biochemistry and pharmaceutical chemistry, amines are 

attractive building blocks in supramolecular chemistry [2]. Depending on solution pH, amine-

based ligands can act as both cation and anion chelators. In order to make reliable predictions 

of the acid-base properties of macroligands with a large number of ionizable sites such as 

dendrimers, one needs to develop and validate computational methods that accurately estimate 

the acidity constants (pKa) of their chemical building blocks.  

In this study, the stoichiometric protonation constants (logK1 and logK2) of nine 

aliphatic diamines have been determined in 10–80% (v/v) ethanol-water mixtures at 25 °C and 

constant ionic strength (0.1 mol.L–1 sodium perchlorate), by potentiometric technique and 

calculated using a suitable computer program, which employs a nonlinear leastsquares method.  

It is very difficult to interpret the logK variations of aliphatic diamines studied by only 

macroscopic parameters of the ethanol-water mixtures. It is known that one of the most 

important factors determining the equilibrium constants is the reaction medium, so, the solvent 

effect on protonation constants could be explained on the basis of dielectric constant of the 

medium, solvent structure, preferential solvation, and microscopic parameters (as Kamlet-Taft 

solvatochromic parameters) [3, 4]. 

The effect of solvent properties on pK values was studied for water-ethanol mixtures 

covering a wide range of solvent compositions, from data sets on aliphatic diamines. The 

establishment of the model was carried out using different approaches: the use of a classical 

procedure, where the best multiparametric fit to the Kamlet and Taft equation [5, 6]was 

evaluated for each substance; and the application of combined factor analysis and target factor 

analysis to quantify and identify the factors affecting the variation of the whole data sets, 

without the need to postulate any a priori hypothetical model.  

Kamlet and Taft's general equation was reduced to two terms by combined factor 

analysis and target factor analysis in these mixtures: the independent term and 

polarity/polarizability pi, which are solvatochromic parameters. Further, an overview of the 

effect of preferential solvation and solvent structure of electrolytes in ethanol-water mixtures 

on the values of the protonation constants in these media were also discussed. 
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Acidic dissociation constant (pKa) is an important physicochemical parameter in drug 

absorption, dissociation and elimination mechanisms. Ionization degrees of drugs at different 

pH values effects crossing capability through biological membranes, thus determine their 

pharmacodynamics/pharmacokinetic properties and application routes [1]. Tadalafil (Figure 

1) is specific to cyclic guanosine monophosphate (cGMP), which is reversible and selective 

inhibitor of phosphodiesterize type 5 (PDE5). PDE5 inhibition of Tadalafil leads an increase 

in the level of Corpus cavernosum cGMP during emission of nitric oxide in consequence of 

sexual arousal.  

 

 
 

Figure 1.Tadalafil 

 

To the authors’ knowledge, experimental pKa value for Tadalafil is not reported in the 

literature. In this study, pKa of Tadalafil by using spectroscopic and potentiometric methods 

were optimized. The RSD for methods were not higher than 2%. The pKa of Tadalafil was 

found to be 3.44 ± 0.02 by spectrophotometry and 3.52 ± 0.01 by potantiometry. Difference 

between the pKa values determined by potentiometry and spectrophotometry was not 

statistically significant (p<0.05).Moreover, experimental values were far from predicted or 

estimated pKa values. 
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Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used for the treatment of 

several rheumatic and inflammatory diseases. These drugs have the same weak monoprotic acid 

functionality and practically insoluble in water. Zofenopril is an ACE inhibitor drug which has 

carboxylic functional group. A common approach for the pKa measurements of aqueous 

insoluble compounds involves the use of hydro-organic mixtures [1,2]. RPLC of lipophylic, 

highly retained compounds require the use of high organic modifier content. In some cases 

column packing with an intermediate polarity such as butyl is considered as the first choice for 

the investigation of retention behaviour both neutral and ionisable pharmaceuticals. These 

columns are capable of providing the information necessary concerning the mechanism on 

reversed phase chromatography with relatively low retention times for the analytes. 

 

In the present study, the dissociation constant of etodolac,diclofenac,acemetacin, 

aceclofenac, diflunisal, dexketoprofen and zofenoprilwere determined in acetonitrile-water 

binary mixtures at three different percentages (30, 35, and 40, v/v %) using RP-HPLC method. 

The pKa values are calculated by fitting the molecular descriptor model to a series of retention 

time measurements collected at different pH values. The correlation between the theoretical and 

the experimental retention times of the compounds studied over the whole experimental pH 

range was good. In this way, a complete description of the retention behavior of each solute in 

the space defined by the pH of the mobile phase and degree of ionisation was obtained. The 

retention behavior of these compounds was accurately modeled as a function of pH of the 

mobile phase and f parameter. 

 
Keywords: Nsaids, N-Octanol: Water Partition Coefficient, RP-HPLC 
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Separation, Preconcentration and Recovery of Au (III) Ions Using Bis(3-

aminoproypl)amine Bonded Silica Gel 
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Bis(3-aminoproypl)amine bonded silica gel (BAPA-SG) was synthesized [1] and used 

as an adsorbent for recovery, preconcentration and adsorption of Au (III) ions. The effective 

factors on the preconcentrationof Au (III) ions such as pH, volume, and flow rate of the Au (III) 

solution, and the type and volume of the eluent solution, and also matrix ions such as alkaline 

and heavy metals were investigated and optimized by solid phase extraction method. The 

modified silica gel could adsorb Au (III) ions quantitatively from the solutions up to 500 mL at 

pH 2.0 by the flow rate of 5 mL/min. The retained Au (III) ions could be easily eluted by using 

5 mL of 1% (m/v) thiourea in 0.1 M HCl solution. In batch adsorption studies, the effect of 

contact time and initial Au (III) concentration on the adsorption were also investigated and 

optimized. Au (III) adsorption was found to be favoured at pH values of 2.0 and pClof 1.0. The 

Au (III) adsorption was reached to equilibrium in 4 hours. Flame atomic absorption 

spectrometry was used for the determination of Au (III) ionsconcentrations thorough the study. 

Keywords: Solid Phase Extraction, Preconcentration, Adsorption, Modified Silica Gel, Bis(3-

Aminoproypl) Amine (BAPA) 
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