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Metal sulfide chemistry is a topic of particular interest 
for geochemistry and environmental chemistry. However, 
manipulation of the sulfide ion is not a straightforward task 
due to its volatility at pH<12, interaction with metal ion impu-
rities, easy oxidation and formation of polysulfides. We de-
scribe here a method for electrochemical investigation of 
metal sulfides that makes use of a stable sulfur derivate (like 
thiourea, TU) in order to prepare a layer of metal sulfide by 
the anodic reaction of the electrode metal. Other metal sul-
fides can be prepared by exchange reaction with the metal ion 
of interest. This procedure was inspired by analogous investi-
gation using sulfide ion as starting material1.  

Anodic reaction of TU at a mercury electrode results in 
an HgS surface layer. Mercury reduction in this compound 
occurs in a good agreement with the model that assumes 
a reversible electron transfer reaction and a constant activity 
of the surface compound1,2. If a metal ion is present in the 
solution phase, Hg2+ is released by an exchange reaction and 
the cathodic peak gets shifted to less cathodic potentials.  

It is possible therefore to prepare metal sulfides using a 
stable sulfur derivative as a starting material. Metal sulfides 
prepared in this way are amenable to electrochemical investi-

gations. This method can easily be transposed to metal se-
lenides investigation if an organic selenium derivative (like 
selenourea) is used as starting material. It would also be of 
interest to perform such investigations using silver as elec-
trode in order to prepare and study silver chalcogenides. On 
the other hand, the matter here presented is of relevance for 
research of metal sulfides in natural waters. A proposed 
method for investigating soluble metal ion complexes with the 
hydrogen-sulfide anion is based on square-wave cathodic 
stripping voltammetry of sulfide ion in the presence of the 
metal of interest7. In the frame of this method, the DeFord and 
Hume approach was employed to infer the composition and 
stability of the complexes from the shift of the peak potential 
in the presence of the metal ion. Severe faults of this method 
were already emphasized8, 9. Data in Ref. 1, as well as the 
results in this paper point out an additional drawback of the 
method in Ref.7, namely the omission of the exchange of 
Hg2+ in HgS with the metal ion in the solution. The exchange 
reaction renders the DeFord and Hume approach not suitable 
under these circumstances. 
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Azines type dyes such as phenazines, phenothiazines and 
phenoxazines, which undergo a reversible 2 electron-proton 

Fig. Electrochemical reactions in the presence of Ni2+ after anodic 
polarization at +0.1 V in the presence of TU. Phosphate buffer, 
pH 6.5; 2.10−7 M TU; 4.10−4 M Ni2+; td (s): (1) 0; (2) 30; (3) 60  
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reduction to yield their corresponding leuco forms, have often 
been used as redox mediators for electrocatalytic oxidation of 
NADH, since they exhibit great electrocatalytic activity to-
ward NADH oxidation. These mediators are usually immobi-
lized on the electrode surface by covalent attachment1, ad-
sorption2, electropolymerization3 or by entrapment within 
carbon paste modified supporting material such as layered 
compounds (e. g. zeolite, zirconium phosphate, titanium phos-
phate etc.)4,5. 

In this work, a new polymeric phenothiazine compound, 
poly-phenothiazine formaldehyde (PPF) was used as redox 
mediator for electrocatalytic oxidation of NADH. In order to 
prepare chemically modified electrodes with PPF, the phe-
nothiazine derivative was immobilized onto the surface of 
a graphite electrode via adsorption, from a dimethylsulfoxide 
solution. 

The results showed that the proposed modified elec-
trodes could be used for electrocatalytic oxidation of NADH 
in phosphate buffer (pH 7.0) with an overpotential of less than 
400 mV compared with that of bare electrodes. It is worth to 
mention, that when the surface of the modified electrode was 
irradiated with a light source (250 W Halogen lamp), the elec-
trocatalytic oxidation current of NADH was increased with 
about 1.7 times compared with the absence of irradiation. The 
second order electrocatalytic rate constant (kobs, [NADH]=0) was 
calculated from rotating disk electrode experiments at various 
concentrations of NADH and phosphate buffer with different 
pH values and good values (3879.3 M−1 s−1 at pH 7.0) were 
obtained. 
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 Molecularly imprinted materials are becoming one of 

the most promising techniques for the selective determination 

of analytes in electrochemistry, particularly in the modifica-
tion of the surface of electrodes with the aim of generating 
selective cavities to the target analyte1. In spite of the fact that 
their use has been widely expanded in extraction techniques2 
or in chromatography3, MIP modified sensors remains still as 
one of the most promising field among the multiple applica-
tions of molecularly imprinted materials. 

 Most of MIP based sensors have been synthesized by 
radical polymerization employing acrylic or vinylic type of 
monomers4, however, in the last years, different polymeriza-
tion techniques are gaining interest such as electrosynthesis. 
This technique allows the generation of a compact and rigid 
polymeric matrix which is very suitable for the generation of 
molecular prints. Most of the works related to electrosynthe-
sized MIP, are referred to MIP sensors synthesized in aqueous 
media5. However, these procedures are limited to water solu-
ble compounds. This fact is a disadvantage when low polarity 
analytes want to be determined. In order to solve this prob-
lem, an analytical methodology for the electrosynthesis of 
MIP is proposed with the objective of determining selectively 
dinitrophenolic pesticides such as dinitro-o-cresol or DNOC. 

 The MIP based sensor was synthesized potentiodinami-
cally by cyclic voltammetry employing the monomers aniline 
and o-phenylenediamine in a methanol containing medium 
(50 %). The polymeric film obtained this way was rigid and 
compact and showed high stability. To generate imprinted 
sites on the polymeric surface, DNOC was also added to the 
polymerization mixture in a concentration of 9 mM. The so 
obtained sensor was able to recognize the target analyte giv-
ing a sensitivity of 1.64×103 nA M−1 with good repeatability 
<8 %.  

 With the aim of testing the selectivity of the sensor, the 
analytical signal of the target analyte was evaluated against 
other dinitrophenolic compounds. It could be seen that it ex-
isted a remarkable peak intensity difference when the signal 
corresponding to the DNOC and the signal corresponding to 
non-specific compounds were compared.  
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One of the more relevant trends in Science in general 
and in Analytical Chemistry in particular is the use of 
nanotechnology. The use and application of nanostructured 
materials, a bottom-up approach of miniaturisation, is in con-
tinuous increase. 

In this context, the combined use of screen-printed elec-
trodes1, manufactured employing thick-film technology, and 
carbon nanotubes results extremely advantageous for the 
Electroanalytical field. A considerable enhancement of the 
sensitivity as well as the favourable kinetic of electronic 
transfer, low response times and the possibility of working 
with low-conductivity media are very promising. 

The objective of this work is then, the electrochemical 
characterisation of CNT-modified gold-SPEs. CNTs2 have 
been employed in combination with carbon-SPEs but their use 
with gold-SPEs is new. It is known the relevance of the sur-
face in the performance of the electrode.  

In order to know if the functionalisation of CNTs is of 
relevance, three different CNTs: −COOH, −SH and �NH2 
functionalised have been employed. They have been dispersed 
in several media and the electrochemical behaviour has been 
checked by cyclic voltammetry, differential pulse voltam-
metry and square wave voltammetry. 

As the final objective of the work is the construction of 
a promising genosensor on the modified gold surface, an elec-
troactive label has been the chosen analyte. Methylene blue, 
an electroactive organic dye, has been employed in this work 
since it gives an adequate electrochemical signal3 and can be 
covalently attached to DNA-strands. 
 
This work has been supported by the Spanish Ministry of Sci-
ence and Technology under the project BIO 2006-15336-C04-
01. 

 
REFERENCES 
  1.  García-González R., Fernández-Abedul M. T., Costa-

García A.: Electrochim. Acta 53, 3242 (2008). 
  2. Fernández-Abedul M. T., Costa-García A.: Anal. 

Bioanal. Chem. 390, 293 (2008). 
  3. Castaño-Álvarez M., Fernández-Abedul, Costa-García 

A.: Electrophoresis 28, 4679 (2007). 
 
 
 
 
 
 
 

PP057 
Cu(II) DETECTION AT CARBON PASTE  
ELECTRODES MODIFIED WITH CYCLAM-
FUNCTIONALIZED MESOPOROUS SILICA MATERI-
ALS 
 
STEPHANIE GOUBERT-RENAUDINa*, MATHIEU 
ETIENNEa, YOANN ROUSSELINb,  FRANCK DENATb, 
MICHEL MEYERb,   BENEDICTE LE-
BEAUc, and ALAIN WALCARIUSa  
 
a LCPME, Nancy-Université, CNRS, 405 rue de Vandoeuvre, 
54600 Villers-lès-Nancy, b ICMUB, Université de Bourgogne, 
CNRS, 9 avenue Alain Savary, 21078 Dijon, c LMPC, EN-
SCMu, UHA, CNRS, 3 rue Alfred Wagner, 68093 Mulhouse, 
France 
renaudin@lcpme.cnrs-nancy.fr 
 

Silica-based organic-inorganic materials combine the 
advantages of an inorganic backbone (mechanical stability, 
high porosity and possible control of pore size and 3D pore 
arrangement) and the chemical reactivity of organic groups1. 
Both organic and inorganic properties have strong influence 
on the adsorption of heavy metals in aqueous solution. Modi-
fying electrodes with such materials can lead to an improve-
ment of the sensitivity and selectivity of the sensor due to the 
preconcentration of the target analytes at open-circuit prior to 
their electrochemical detection by anodic stripping voltam-
metry2,3. 

Among organo-functional groups, those belonging to the 
family of polyazamacrocycles, i.e. cyclam, display very inter-
esting properties for sensing applications. Indeed, they form 
stable complexes with a large number of transition metal ions 
and their complexing properties can be tuned by a judicious 
choice of the organic groups attached to the macrocycle. 

In the present work, cyclam moieties have been grafted 
onto the surface of silica materials displaying ordered 
(SBA15) or amorphous (K60) mesoporosity. Both hybrid 
materials have been dispersed in carbon paste and the result-
ing modified electrodes have been successfully exploited for 
voltammetric detection of Cu(II). The strong binding proper-
ties of cyclam towards Cu(II) species are kept when bound to 
silica and cyclam-functionalized silica acts as a powerful 
preconcentration agent. Surprisingly, a well-ordered silica 
does not improve significantly the electrode response, sug-
gesting that the accumulation process may be restricted by 
chemical reactivity of immobilized cyclam towards Cu(II), 
rather than diffusion of the analyte into the silica network. 
The influence of interfering species (Co(II), Ni(II), Cr(III)�) 
on the electrochemical detection of Cu(II) and the analytical 
characteristics of the sensor have been studied.  
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To better understand the biological role and effects of 

NO, several types of NO-donor molecules with different 
physico-chemical properties and reactivity have been synthe-
sized to study its in vitro and in vivo endogenous deliverance. 
Among these compounds, diazeniumdiolates, so-called 
NONOates, were developed. The release of NO occurs via 
a proton-catalyzed decomposition of these molecules, in neu-
tral or acidic aqueous solutions. In theory, 2 moles of NO are 
released per mole of NONOate. However some studies have 
shown that the decomposition reaction depends on (i) the 
nature and the concentration of the NONOate and (ii) the pH. 
So, it is now believed that the st�chiometry is not analytically 
2:1 (NO:NONOate). In addition, several parameters strongly 
influence the decomposition half-life (t1/2) of the diazenium-
diolates. Consequently, the differences in reactivity of the 
various synthesized NONOates offer a wide range of NO 
delivery choices whatever a rapid release of NO or, con-
versely, a slow one over a long period is required.  

Few studies have focused on the analysis of the kinetics 
of NO generation from diazeniumdiolates, although their 
knowledge is fundamental to foresee the amount of NO deliv-
ered when NONOates are used in vivo or in vitro. The lack of 
experimental data led us to investigate in details the decompo-
sition kinetics of two commercially available and commonly 
used NONOates by performing the electrochemical determi-
nation of released NO with a home made NO-selective elec-
trode. To do so, we selected the following NO donors: di-
ethylammonium (Z)-1-(N,N-diethylamino)-diazen-1-ium-1,2-  
-diolate (DEA-NONOate) and (Z)-1-[N-(2-aminoepropyl)-N-  
-(2-ammoniopropyl)amino]-diazen-1-ium-1,2-diolate (PAPA-
NONOate). This choice was driven by the fact that they have 
distinct half-life that cover a wide range of NO release rates (2 
and 20 min at 37 °C, respectively). Control experiments were 
conducted on the electrochemical sensor to ensure the non-
electroactivity of native NONOate compounds and their de-
composition products (free amine nucleophile). Experimental 
curves corresponding to NO production in aerobic conditions 
were then fitted with a theoretical model to determine the 
kinetics parameters of NO release. The obtained kinetics pa-
rameters were then used to predict the profile of NO-release 
in aerobic buffered solutions1. 
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Interest in elucidating the mechanisms of action of vari-
ous classes of anticancer agents and exploring the pathways 
of induced nitric oxide (NO) release provides an impetus to 
conceive better designed approach to locally detect NO in 
tumors, in vivo. We report here on the use of an electrochemi-
cal sensor that allows the in vivo detection of NO in tumor-
bearing mice. First, we performed the electrochemical charac-
terization of a stable electroactive probe, directly injected into 
the liquid micro-environment especially created around the 
electrode in the tumor1. Second, the ability of the inserted 
electrode system to detect the presence of NO itself in the 
tumoral tissue was achieved by  using two NO donors: one 
diazeniumdiolate, namely (Z)-1-[N-(2-aminoepropyl)-N-(2-    
-ammoniopropyl)amino]-diazen-1-ium-1,2-diolate (PAPA-NO) 
(ref.1), and nitroglycerin NTG. These NO donors allowed 
proving the electrochemical detection of intratumoral NO by 
(i) biomimetically induced endogenous release of NO in the 
tumoral tissue upon intratumoral injection of PAPA-NO or 
(ii) intra-peritoneal injection of NTG (Fig. 1). Indeed, it is 
know that NTG is metabolized in the vascular system and 
thus NTG-derived NO is produced and diffuses into the sur-
rounding tissues. 
 
 
 
 
 
 
 
 
 
 

 
This approach allows us to detect NO in vivo locally and 

in a real-time manner. It could be applied to the in vivo study 
of anticancer drug candidates acting on NO pathways. 
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Fig. 1. (a): schematic drawing of the tumor-bearing mouse show-
ing the intra-peritoneal injection and the intratumoral detection 
sites; (b) intra tumoral chronoamperogram obtained at 0.85 V/
Ag-AgCl at the NO sensor upon injection of solvent and NTG 
(1 mg mL−1 in methanol) 
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In older times, electrochemists were tinkers. They used 
to build, by their own hands, their first potentiostats. Later on, 
they became pioneers in computer control of measuring proc-
esses. Nowadays, nearly exclusively, commercial electro-
chemical instruments are in use. As a side effect of this devel-
opment, it became unusual to enjoy experimenting with in-
strumental techniques and to design new electrochemical 
procedures.  

In the presented project, a complete electrochemical 
instrument is designed with resources available to everybody. 
It consists of two major parts:  
1.  A simple analog unit (mainly a potentiostat) built with 

cheap operational amplifiers. It may, or may not, supple-
mented by modern electrode heating equipment1.  

2.  A microcontroller circuit executing the measurement and 
sending the results to a pc.  
The process is controlled by means of a �supervising 

program� written in a generally available programming lan-
guage, namely Visual Basic for Applications (VBA). This is 
delivered with Microsoft Office. For the operator, the meas-
urement is carried out by means of an �animated Excel sheet�. 
After pressing the �start� button in this sheet, the operator 
sees how rows of numbers are delivered and how the voltam-
mogram (or any other electrochemical diagram) is building up 
before his face.  

By means of the existing prototype, any commercially 
available electrochemical techniques like DPV, chronopoten-
tio-metry, etc. can be applied. Furthermore, modern thermoe-
lectro-chemical techniques like TPV (temperature pulse volt-
ammetry) are included2.  

The system allows development of new methods by 
graphic design at the screen. The software can be extended in 
many directions, if wanted. The VBA program will be pub-
lished as an �open source� project in internet.  
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Nowadays there is an increasing demand on the determi-
nation of traces of heavy metals in the environment. The most 
used techniques for the analysis of trace amounts of metals 
are those based on optical methods. Beside some advantages 

they present several drawbacks when dealing with 
complex environmental matrices such as sea water. 
Electrochemical stripping analysis based on heavy 
metal accumulation and further stripping from the 
working electrode sensing surface represents an-
other alternative. In our work, the measuring sys-
tem is based on the use of screen printed elec-
trodes (SPE) which allow an easy electrochemical 
stripping ensuring high sensitivity in detection.1,2 

These techniques are indicated for the direct monitoring of 
heavy metal traces in sea water allowing an in-situ control of 
pollution3,4. 

In this study, simultaneous detection of lead and cad-
mium contained in sea water in the low µg L−1 (ppb) range 
have been carried out by using SPEs. Typical limits of de-
tection using this type of SPEs are 2 and 3 ppb for Pb(II) 
and Cd(II) respectively. Moreover, the accuracy of the 
method was validated by comparison with the well-
established anodic stripping voltammetry using the mercury 
electrode. 
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ject, FP6-034472. R. Güell gratefully acknowledges a grant 
awarded by the University of Girona (Ref. BR06/10) and a 
grant of mobility by Vives University Network (Drac Forma-
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Alkyl phenols are of increasing concern due to their 
chemical functional similarity to estrogen and other hor-
mones, binding to the estrogen receptor and inducing certain 
estrogen-specific biological responses in vitro1−5. For determi-
nation of nonyl-phenol and respectively octyl-phenol, screen-
printed electrodes were modified with a new nanocomposite 
material obtained by combination of Prussian blue mediator 
with single-walled carbon nanotubes (SWNT/PB/3SPE). The 
biological element (horseradish peroxidase-HRP 5 mg mL−1) 
was immobilized on the PB/SWNT modified screen-printed 
electrodes by different procedures (ex. entrapment in sol-gel 
matrices, adsorption and cross-linking with glutaraldehyde), 
allowing the determination of 4-n-nonylphenol and 4-t-           
-octylphenol based on the electrochemical detection. 

This PB/SWNT nanocomposite had synergistic effect on 
the catalysis towards H2O2 with highly satisfactory analytical 
behavior, with excellent sensitivity of 119.62 mA M−1 cm−2, 
a detection limit of 0.4 µM and fast response time of 13 sec-
onds. The PB/SWNT modified screen-printed electrodes could 
amplify the reduction current of H2O2 by ~24 times, when com-
pared with SWNT modified screen-printed electrodes. 

Further, amperometric measurements were performed 
with biosensors obtained by immobilization of HRP entrapped 
in sol-gel matrix onto the SWNT/PB/3SPE electrodes. The ex-
periments were carried out in phosphate buffer 0.05 M, pH 7.4, 
containing 60 µM H2O2 at an applied potential of −0.05 V vs. Ag/
AgCl. The sensitivity of 4-t-octylphenol detection was 10.247 
mA M−1 cm−2

 with a detection limit of about 1.39 µM, while 
for detection of 4-n-nonylphenol the obtained sensitivity was 
about 9.872 mA M−1 cm−2

 and the detection limit was 0.484 µM 
(S/N=3).   
  
We acknowledge financial support from MECT contract no. 
5928/2006, 51-006/2007, 11-055/2007. 
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Recent activity coupling chemometric procedures to 
improve performance of electroanalytical methods is pushing 
for better detection limits and selectivity1,2. Several reports 
show convenient results for the determination of analytes of 
interest in diverse samples with electrochemical techniques 
employing artificial neural networks as the main processing 
tool3. 

The present work introduces the determination of three 
heavy metals in water (lead, copper and cadmium) in presence 
of thallium and indium as interfering species. Voltammetry 
stripping technique is used in open atmosphere, with no de-
gassing pretreatment needed, and posterior signal processing 
employing a wavelet neural network. 

A graphite-epoxy composite has been used as working 
electrode, without any surface regeneration after each analy-
sis. The voltammetric technique starts with 120 sec. of pre-
concentration time, after which stripping scan takes place. 
The concentration range studied had been from 0.4 to 20 ppm 
for both analytes and interferents. 

The information contained in the voltammetric signal is 
related with the concentration of each component under study, 
so that, it constitutes the input data for training and testing the 
WNN. A total of five networks were programmed with archi-
tecture of 153×4×5 and employing a k-fold cross validation 
method in each case. 

When obtained vs. expected values were compared, cor-
relation coefficients exhibited for the test subset where up to 
0.996 for lead, 0.989 for cadmium and 0.995 for copper. Such 
a procedure may be representing a trend in electroanalysis 
consisting of mathematical treatment of overlapped signals in 
detriment of pre-treatment of the sample. 
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Diazinon (O,O-diethyl O-2-isopropyl-6-methyl-pyrimi-

din-4-yl phosphorothioate) is an insecticide, which is often 
used in field crops and in household. It is important to de-
velop methods for control of specific amounts of this com-
pound due to its toxicity for living organisms. There are sev-
eral analytical methods for establishing level of concentration 
for diazinon, namely: GC-MS, LC-MS, HPLC, biosensing or 
ELISA. Up to date only one electrochemical method was 
reported1.  

An adsorptive stripping voltammetric method for deter-
mination of diazinon based on its reduction reaction was de-
veloped. The electrode reaction was analyzed under condi-
tions of square wave voltammetry (SWV). The peak current 
depends on the pH of the medium and instrumental parame-
ters. Optimal conditions for quantitative determination were 
obtained in Britton-Robinson buffer at pH 4.5. Typical pa-
rameters were: frequency 100 Hz, amplitude 75 mV, step 
potential 5 mV, deposition time 60 s and deposition potential 
−0.4 V. Signal is a well defined cathodic peak at about −1.05 V 
vs Ag/AgCl. Linear range was from 2×10−8 to 5×10−7 mol L−1. 
The voltammetric procedure was characterized with respect to 
the repeatability, precision and the recovery. The AdSWSV 
method was applied for determination of diazinon in several 
insecticide formulaes. 

 
This work is supported by the European Social Fund and 
Budget of State implemented under the Integrated Regional 
Operational Programme. Project: GRRI-D. 
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DNA maintains, expresses and transfers to progeny ge-
netic information in the cells. Damage to DNA arises from 
interactions of DNA with different chemical or physical 
agents occurring in the environment or in the cell.  Unrepaired 

DNA damage may result in mutations and subsequently to 
development of severe diseases such as cancer.  

DNA is an electro- and surface-active substance produc-
ing at mercury, carbon or some other electrodes analytically 
useful signals1. Some of them are sensitive to changes in the 
DNA structure. Behavior DNA at mercury or amalgam elec-
trodes is strongly influenced by presence of DNA strand 
breaks. Biosensors for detection of DNA damage based on 
mercury or amalgam electrodes modified by supercoiled (sc) 
DNA and measurement of tensametric peak 3 were proposed1. 
Under certain conditions it is possible to detect a single lesion 
among ~105 undamaged nucleotides with this type of DNA 
biosensor. This technique was adapted for detection of DNA 
base damage by application of DNA repair enzymes2. Dam-
age to the DNA base is converted to a single strand break and 
changes in peak 3 heights are measured.  

Recently we developed a new method for the detection 
of DNA damage based on combination of cleavage of dam-
aged DNA by DNA repair enzymes and chemical modifica-
tion of the enzymatically generated single-stranded regions by 
osmium tetroxide, 2,2�-bipyridine complex (Os,bipy)3. DNA-
Os,bipy adducts are determined voltammetrically at pyrolytic 
graphite electrode. We show that this approach offers simi-
larly efficient discrimination between intact and subtly dam-
aged DNA as the technique based on utilization of tensamet-
ric peak 3 measured at mercury electrodes. Moreover, the 
Os,bipy marker-based technique works well in connection 
with linear chromosomal DNA. Its application is thus not 
limited to purified plasmid scDNA. 
 
This work was supported by grants of the Academy of Sci-
ences of the Czech Republic GA ASCR IAA400040611, MEYS 
CR (Research Centre LC06035), and institutional research 
plans Nos. AV0Z50040507 and AV0Z50040702. 
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 The redox regulating glutathione (GSH) system plays 
a vital role in living organisms in protecting cells against oxi-
dative damage. There are indications that susceptibilities of 
different individuals to environmentally induced diseases 
(diabetes, brain damage and cancer) are associated with GSH 
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level in cells and body fluids. The interactions of GSH with 
various toxicants are suspected to influence the regulating 
capacity of GSH/GSSG system. We have investigated GSH 
interactions with toxic heavy metal ions1,2 on electrodes using 
electrochemical quartz crystal nanogravimetry and immittance 
spectroscopy. We report here on Hg(II)-GSH interactions. We 
have found that the modification of a Au substrate with self-
assembled glutathione (Au-SG) film creates a framework of 
confined-space microenvironment with ion-channels for en-
hanced Hg2+-GSH interactions and rich charge transfer reac-
tivity. The reduction of Hg(II) on a Au-SG piezoelectrode has 
been investigated in two regimes of ion channel permeation of 
the modifying film, at opened and closed ion channels. The 
maximum surface coverage determined from upd-Hg mass: 
θHg = 0.31. The chelation of Hg2+ to carboxylate moieties at 
the outer film-solution boundary and place�exchange of Hg/
Au atoms at the sulphur root of adsorbed GSH have been 
further investigated3 by ab initio quantum mechanical calcula-
tions. 

The electronic structure of Hg2+-GSH chelate was found 
to mimic that of Ca2+-GSH chelate. The implications of this 
finding for studies of environmental effects on susceptibility 
to degenerative diseases should be of great significance.
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Ellipticine (5,11-demethyl-6H-pyridol(4,3-b)carbazole) 

is a plant alcaloid isolated from  Apocyanaceae family (e.g. 
Ochrosia borbonica, Excavativa cocinea). This compound 
and some its derivatives exhibit significant antitumour activ-
ity. Mechanism of ellipticine antitumour consists in DNA 
intercalation and/or topoisomerase II inhibition. It was shown 
that ellipticine activated by cytochrome P450 is able to bind 
covalently to deoxyguanosine in DNA structure. The aim of 
this work was to study of interaction of ellipticine and DNA 
using miniaturized electrodes. 

In our experiments the fabricated carbon paste printed 
electrodes modified with carbon nanotubes were used. The 
first step was to study of ellipticine�s (0.5, 1 µM) electro-
chemical behavior by using cyclic and square wave voltam-
metry. In voltammograms obtained the oxidation signals in 
potential of about 600 mV were observable. Further the elec-
trochemical properties of dsDNA were studied. The detection 
limit of dsDNA was below 1 µg ml−1 and single bases were 
distinguished.  In the following experiments the interaction of 
ellipticine and DNA was investigated. To the solution 
(50 mM potassium phosphate buffer, pH 7.4) different con-
centrations of ellipticine were added. To these reaction mix-
tures different amounts of dsDNA were added (to final con-
centrations from 0.5 to 10 µg ml−1). From the obtained volt-
ammograms the changes connected with ellipticine-DNA 
interactions were obvious. The oxidation signals of DNA 
decreased with increasing ellipticine concentration. The de-
crease of single bases oxidation signal can relate with struc-
tural changes in DNA caused by ellipticine intercalation. It 
clearly follows from the results obtained that our method 
using the manufactured miniaturized electrodes can be em-
ployed for DNA intercalation studies. 
 
We gratefully acknowledge the GA AV KAN208130801 for 
financial support to this work.  
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a      b 

Fig. 1. Electron density surfaces with mapped electrostatic poten-
tial for: (a) GSH and (b) Hg2+-GSH mimicking Ca2+-GSH chelate 
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Matrix metalloproteinases (MMPs) represent a family of 
structurally related zinc-dependent metallopeptidases. MMPs 
are able to degrade both majority and minority components of 
extracellular matrix include the native helix of collagen. 
These enzymes take part in normal biological processes such 
as ontogenesis or wound healing but also in inflammatory, 
generative, and especially malign processes. Zinc ion plays 
structural and regulatory role in MMPs but it is mainly in-
volved directly in the catalytic hydrolysis of protein sub-
strates. 

The aim of this work was to propose and optimize the 
chronopotentiometric stripping analysis (CPSA) in connection 
with adsorptive transfer technique (AdTS) for MMP-9 detec-
tion. The method has been further employed to investigate 
MMP-9 interaction with collagen. Thanks to AdTS CPSA at 
hanging mercury drop electrode we were able to measure 5 µl 
sample volume. We optimized the following parameters: time 
of the accumulation of the sample on HMDE surface and the 
composition of supporting electrolyte. The suitable parame-
ters were accumulation time of 90 s for both MMP-9 and 
collagen and supporting electrolyte Britton Robinson buffer 
(pH 5). The study of the MMP-collagen interaction was car-
ried out as follows: i) collagen was accumulated on the sur-
face of the working electrode and measured by the optimized 
method, ii) collagen was accumulated on the surface, then 
MMP-9 was accumulated on the modified surface of the 
working electrode and the measurement was carried out again 
under the same experimental conditions. The signal height 
after MMP accumulation increased for more than 100 % com-
pared to collagen signals. It clearly follows from the results 
obtained that this technique can be considered as promising 
tool to investigate MMP-collagen interactions. 
 
We gratefully acknowledge the GA AV IAA401990701 for 
financial support to this work. 
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When a firearm is discharged, a cloud of vapours and 
particulate material, called gunshot residues (GSR), is blasted 
more intensely onto the regions close to the gun. The determi-
nation of lead in GSR is a common practice in scientific 
criminal investigation. Over the years this metal has been 
qualified and quantified by many different analytical tech-
niques including atomic absorption spectroscopy, scanning 
electronic microscopy and anodic stripping voltammetry at 
mercury film electrodes. 

In this work an automated flow methodology based on 
a tubular electrochemical detector coupled to a multicommu-
tated flow system was developed and applied to the determi-
nation of lead in GSR. The exploitation of the analytical po-
tential of multicommutated flow systems allowed the imple-
mentation of an expeditious and easily controlled on-line 
standard addition method without sample handling and there-
fore with decreased risk of sample contamination.  

The analytical cycle begins with the sequential aspiration 
of 10 µL of sample and carrier (Bi(III) 10.0 mg L−1, acetate 
buffer 0.1 mol L−1, pH 4.5) solutions during 2 minutes at 
a flow rate of 0.5 ml min−1. The solution is propelled to the 
detector and the Bi(III) and Pb(II)  are co-deposited at −1.5 V 
on the surface of a tubular carbon paste electrode. After depo-
sition step, 2.0 mL of carrier solution are pumped through the 
electrochemical cell at a flow rate of 30.0 mL min−1. An an-
odic scan from −1.0 to 0.0 V is afterwards applied in the stop 
flow modality. In the optimal experimental conditions, a lin-
ear calibration curve was obtained in the concentration range 
0.1−10.0 mg L−1 for a deposition time of 60 s, with a detec-
tion limit of 80.0 µg L−1. The influence of potentially interfer-
ing ions on the stripping peak of lead was also evaluated. The 
procedure was applied to the analysis of 22 handgun GSR. Lead 
residues were found in the range from 5.0 to 80.0 µg sample−1, 
the results are similar to those obtained in other ASV works 
for GSR. Validation of the results was performed by compari-
son with AAS. 
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Sulphite is widely used as a preservative and antioxidant 

in food industry1. However, below authorized limit value, it 
can cause asthmatic attack and allergic reactions in sulphite-
sensitive individuals2. To assure the quality control in food 
manufacturing, a sensitive, selective, rapid, simple and low 
cost method is required for sulphite determination.  

Principle of the sulphite determination by biosensor 
presented here is based on the enzyme reaction of sulphite 
oxidase (SOD) prepared from chicken liver in our laboratory. 
The difficulty in the detection of enzyme activity is that the 
substrate (sulphite) and the product (hydrogen peroxide) show 
similar electrochemical activity. Therefore the parameters of 
measurement have to be adjusted to get amperometric signal 
only from one compound. Simple glassy carbon electrode pre-
treatment processes that increase the sulphite or hydrogen 
peroxide signal separately are described.  

In the  FIA measurement blind or enzyme cell was used 
and amperometric cell is placed separately. The changes of 
signal generated by the enzyme can be followed with subtrac-
tion of the two (blind and enzyme) signals. The thin-layer 
enzyme cell developed by us3, consisting of a protein mem-
brane for immobilizing the enzyme, was fixed together with a 
Teflon plate supplied with a channel to ensure flow-through 
between two Plexiglass blocks (Fig. 1). 

During the optimization of the biosensor the effects of 
temperature, flow rate, pH and ionic strength of the buffer, 
background electrolyte, and molybdenum concentration were 
investigated. 

This study was supported by EgerFood Regional Knowledge 
Center application  9/2005. 
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Heavy metals in soil solutions are mostly bound in com-
plexes with low molecular weight organic acids (LMWOA)1. 
The complexes occurrence is strongly depended on pH. Some 
of heavy metal complexes with LMWOA are also electro-
chemically detectable. The differential pulse anodic stripping 
voltammetry was used with HMDE for detection of Cd and 
Pb complexes with LMWOA. 

In in situ sampled soil solutions2 the Cd and Pb com-
plexes were found from willow and alpine penny-cress 
planted in contaminated Fluvisol. In all soil solutions was 
found the peak in potential at about −540 mV. This peak po-
tential was near the peak potential of Cd2+ and probably be-
longed to Cd complex. The second peak, also in all focused 
solutions, occurred in −440 mV and belonged to Pb complex. 
The smaller signal of this peak was in the soil solution from 
alpine penny-cress. The existence of all founded metal com-
plexes is confined to neutral or weakly acidic ambient. In 
acidic ambient (pH 2) in model and soil solution (after acidifi-
cation) did not exist any Pb or Cd complex, all Cd and Pb 
were present in free ionic forms. The response in −530 mV by 
the acidification decreased comparing to −540 mV peak. It 
points to mixed Cd-Pb complex formation in pH 6. This idea 
is supported by the Pb behaviour. The Pb was distributed into 
two complexes, because after acidification to pH 2 was ob-
served the peak belonging to Pb ion (−350 mV) higher than 
expected single Pb complex in −440 mV. 
 
This work was supported by the grant GAČR (Czech Science 
Foundation) No 521/06/0496. 
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Fig. 1. Structure of thin layer enzyme cell 
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The potential risk of soil contamination with heavy met-
als and possibilities of phytoextraction in relation with solubi-
lization of heavy metals using low molecular weight organic 
acids were discussed. However the problem with reliable in 
situ determination of defined heavy metals forms (in the 
meaning of a real molecule or ion) did not exist. The 
LMWOAs outside the plant1 and phytochelatins inside the 
plant2,3 play an important role in the puzzle of questions. 

The Cd and Pb complexes with oxalic acid (OA) were 
detected in model solution using differential pulse anodic 
stripping voltammetry and differential pulse cathodic strip-
ping voltammetry. Recording of the voltammograms was 
carried out by means of classical assembly of three electrodes, 
using HMDE as a working electrode, Ag/AgCl/KClsat. as 
a reference electrode and Pt as an auxiliary electrode. The pH 
of the model solutions were adjusted to pH 7 with sodium 
hydroxide. 

A mixed complex consisting of Cd, Pb and OA was 
found, its peak potential varies from −582 to −542.5 mV (vs. 
Ag/AgCl-/KClsat.) and depends on the Pb:Cd or Cd:Pb ratio. 
The �single� complexes of OA with Pb and Cd (Pb-OA and 
Cd-OA) are constrained on specific conditions. The existence 
of all focused metal complexes is confined to neutral or 
weakly acidic ambient. In acidic ambient (pH 2) in model and 
soil solution does not exist any Pb or Cd complexes, all Cd 
and Pb were presented in free ionic forms. 
 
This work was supported by the grant GAČR (Czech Science 
Foundation) No 521/06/0496. 
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Copper damascene electrodeposition is a commonly used 
process for filling submicron trenches and vias for copper 
interconnect applications in advanced semiconductor devices.  
Organic additives, present in concentrations ranging from less 
than one to several hundred parts per million, control the 
structure and physical properties of the deposited metal1−3.  
Accurate concentration monitoring and control of these ingre-
dients in electroplating baths are essential to satisfying the 
manufacturing process specifications for such devices. 

Commonly used organic additives include:  suppressors1, 
usually high molecular weight polyglycols, that inhibit the 
rate of copper deposition at the tops of the trenches and vias, 
and accelerators2,3, sulfur-containing compounds, that facili-
tate accelerated growth of the deposit at the bottom of the 
feature.  As a result, defect-free bottom-up filling of the fea-
tures (superconformal deposition) is achieved.  

In-situ analysis of these organic additives is extremely 
challenging due to their competing functions, various chemi-
cal structures, wide range of concentrations, and the presence 
of accumulating degradation products4,5.  

The subject of this investigation was a commercial cop-
per plating bath (Cu PC75, Technic, Inc.), which consisted of 
five components: copper (II) ion (from copper sulfate), sulfu-
ric acid, chloride ion, suppressor, and accelerator with nomi-
nal concentrations of 0.275 M, 1.80 M, 1.5 mM, 5.00 ml l−1, 
and 5.00 ml l−1, respectively. The validity of this approach 
was verified on voltammetric data for the suppressor that was 
based on seven different voltammograms, having various 
waveforms, recorded for the training set solutions (Fig. 1). 

Three multi-way calibration techniques were applied to 

Fig. 1. Three-way voltammetric data obtained for a solution of Cu 
PC75 containing 3 ml/l of suppressor 
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determine the suppressor concentration in industrial copper 
electroplating baths used in semiconductor manufacturing.  
PARAllel FACtor analysis (PARAFAC) for multi-way array 
decomposition6,7, coupled with Inverse Least Squares (ILS) 
regression (PARAFAC/ILS), Direct TriLinear Decomposition 
(DTLD) coupled with ILS (DTLD/ILS), and multi-linear 
Partial Least Squares (N-PLS)7 regression were employed to 
develop and test calibration models based on trilinear AC-
voltammetric data. All these techniques produced reliable 
calibration models, and provided quantitative information 
about the robustness of the models.  

These models enable efficient utilization of highly infor-
mative AC-voltammograms resulting in calibration models 
with accurate predictive capabilities. An approach based on 
coupled SIMCA modeling power and LSR was used to deter-
mine optimum range(s) of various voltammograms 
(waveforms) analyzed as two-way data sets and subsequently 
taken to form a three-way data set employed for regression 
calculation.  An application of Mahalanobis distance utilizing 
PARAFAC and DTLD scores was employed for outlier detec-
tion both within the training set and for the external validation 
data. This approach has a huge potential for statistical process 
control applications. The predictive performance of three 
methods: PARAFAC/ILS, DTLD/ILS and N-PLS were com-
pared for suppressor calibration. 
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Carbon nanotubes (CNT), discovered in 1991 (ref.1), are 
a new type of carbon material with unique structural, geomet-
ric, mechanical and chemical properties. There are two types 
of CNT, single-wall (SWNT) and multi-wall carbon nano-
tubes (MWNT). SWNT, consisting of hollow cylindrically 
wound grapheme sheet, are real single large molecules. CNT 
can behave as metals or semiconductors depending on the 
structure and their unique properties make them very attrac-
tive for the design of electrochemical biosensors2. MWNT are 

more often used for the preparation of carbon paste electrode3−6.  
Carbon paste electrode modified by 10, 20 or 30 % (m/

m) of SWNT was tested for determination of epinephrine and 
compared with bare carbon paste electrode. Carbon nanotubes 
were purified by a treatment with a concentrated nitric acid as 
written in literature7. The carbon paste was prepared by mix-
ing the carbon powder with CNT and mineral oil. The paste 
was carefully hand-mixed for about half an hour in a mortar. 
The volume of 1 ml of the measured solution was used em-
ploying the carbon paste in miniaturized body of electrode. 
DPV measurements were performed in an unstirred and not 
de-aerated Britton-Robinson (B-R) buffer at a laboratory tem-
perature. The influence of pH on voltammetric behaviour of 
epinephrine in B-R buffer pH 2�12 was studied and the re-
sults show, that the higher amount of SWNT contained the 
carbon paste the higher peak of epinephrine was obtained. B-
R buffer pH 6 was chosen as optimal media for measurement 
with all types of carbon paste electrode. 
  
The work was financially supported by Grant Agency of 
Charles University (project No. 34607/2007/B) and Ministry 
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No.LC 06035 and MSM 0021620857). 
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Aminoquinolines belong to dangerous genotoxic sub-
stances1 which can occur in environment2. They are closely 
related to amino derivatives of polycyclic aromatic hydrocar-
bons (APAH) known as carcinogenic and mutagenic com-
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pounds. 
Therefore, 8-aminoquinoline (8-AQ), earlier determined 

using different types of working electrodes3,4, have been cho-
sen as a model substance for testing newly developed carbon 
film electrode5. Thanks to the presence of amino group on 
aromatic system, 8-AQ is easily electrochemically oxidizable 
compound. Therefore, there is a possibility to determine it on 
the basis of anodic oxidation using direct current voltammetry 
(DCV) and differential pulse voltammetry (DPV). 

As a working electrode the carbon film modified silver 
solid amalgam electrode (CF-AgSAE) was used. It was con-
structed by covering the surface of silver solid amalgam elec-
trode (AgSAE) by the carbon film. Carbon film was prepared 
by immersing AgSAE�s surface to carbon ink prepared by 
mixing carbon powder and polystyrene in dichlorethane. 

In the contribution, the optimal conditions (pH of base 
electrolyte) and parameters of DPV and DCV determination 
of 8-AQ using CF-AgSAE, as linear concentration range, 
limits of detection and repeatability of measurements, will be 
discussed. 

Moreover, the application of these methods for determi-
nation of 8-AQ in model samples of drinking or river water 
with 8-AQ will be described. 
 
The project was supported by the Czech Ministry of Educa-
tion, Youth and Sports (projects LC 06035 and MSM 
0021620857). 
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The utility of the cylindrical silver-based amalgam film 
electrode (Hg(Ag)FE) of prolonged analytical application in 
catalytic adsorptive stripping voltammetry (CAdSV)  was 
examined. The advantages of this sensor, very convenient and 
providing good analytical performance in anodic voltam-
metry1,2 and chronopotentiometry3,  have already been de-

scribed. 
In this work, the Hg(Ag)FE electrode has been applied 

for the simultaneous determination of cobalt and nickel by 
means of adsorptive stripping voltammetry. 

The method is based on adsorptive accumulation of ana-
lytes at the Hg(Ag)FE, in a supporting electrolyte consisting 
of 0.1 M ammonia buffer and 5×10−5 M cycloheksanedione 
dioxime, and on the utilization of the catalytic enhancement 
of the cobalt response in the presence of nitrite ions (Fig. 1).  

The optimal composition of the supporting electrolyte and 
the instrumental parameters (i.e. pulse amplitude,  accumulation 
potential and accumulation time) of the determination of Co and 
Ni traces were selected. The detection limit obtained for a 60 s 
accumulation  time was estimated to be 5.8 ×10�11 M (0.0035 
µg L−1) for Co and 2.2×10�10 M  (0.013 µg L−1) for Ni. The 
repeatability of peak current was 5.8 % and 5.6 % for Co and 
Ni, respectively. The calibration plots were linear from 0.01 
to 7 µg L−1 for Co and from 0.1 to 10 µg L−1 for Ni. Finally, 
the Hg(Ag)FE was applied to determine nickel and cobalt in 
certified reference material, with satisfactory results. 
 
Financial support from the Ministry of Science and Higher 
Education (project N507 063 32/1767) is gratefully acknowl-
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Fig. 1. DP-CAdSV voltammograms of 1×10−9 M Co and 1×10−8 
M Ni in a supporting electrolyte containing 0.1 M ammonia 
buffer (pH 9.2) and 5×10−5 M nioxime before (curve a), and after 
addition (curve b) of 0.4 M nitrite ions. Edep −0.7 V, tdep= 60 s 
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For a long time we have been developed the approach 
for oxidases immobilization using the advanced immobiliza-
tion protocol based on a non-aqueous immobilization route 
with high content of organic solvent1. Combination of effec-
tive hydrogen peroxide transducer based on electrodes modi-
fied with Prussian Blue and novel method for enzyme-
containing membranes formation from the media with high 
content of organic solvent, allow to develop the effective 
amperometric first generation biosensors with low detection 
limits2.  

In current study we have used siloxanes of different struc-
tures PhSi(OMe)3, MeSi(OEt)3, ViSi(OEt)3, γ-NH2PrSi(OEt)3 for 
immobilization of lactate oxidase (LOD) from Pediococcus 
species on screen-printed electrodes modified with Prussian 
Blue (PB). The immobilization of LOD in siloxanes was car-
ried out from water-organic mixtures with high content of 
organic solvent. Lactate biosensors were prepared by casting 
the LOD/siloxane mem-branes over PB modified planar elec-
trodes. The developing low cost and mass-productive Prussian 
Blue based LOD biosensors have advanced analytical charac-
teristics: improved sensitivity and signal-to-noise ratio, low 
detection limit, high operational stability to compare with 
known analogs. 

Planar biosensors were used for express detection of 
lactate in flow-injection and periodic regimes. Lactate biosen-
sors were applied for the analysis of lactic acid in fermented 
beverages (bread kvass). 
 
Financial support through RFFI 06-03-33013-a, RFFI-07-03-
12211-innovation, grant of RF Federal Agency for Science 
and Innovation № 02.512.11.2180, INTAS innovation 05-
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The use of Nafion modified electrodes is based on the 

ion-exchange selectivity, pre-concentration capabilities as 
well as mechanical robustness and chemical and biological 
inertness of the ionomer. Notwithstanding the easiness of 
preparation and good performance of cast-coated or spin 
coated Nafion electrode, significant improvements can come 
from the development of deposition procedures able to 
achieve a better control of the deposition at a molecular level. 
Operating in this direction, recently, we developed original 
methods for preparing ultrathin films of Nafion and other 
ionomers by using the Langmuir-Blodgett (LB) technique. 

Such modified electrodes have been characterized elec-
trochemically and by epifluorescence microscopy1, using Ru
(bpy)3

2+ incorporated in the Nafion LB films as luminescent 
probe. The results of these measurements showed the com-
pactness of the film and the homogeneity of the distribution of 
the analyte incorporated in the film. On the other hand, small 
apparent diffusion coefficient1 characterize the Nafion LB 
films, which are for Ru(bpy)3

2+ in the range 1×10−12 − 8×10−12 

cm2 s−1. 
In the present work, we apply a different luminescent 

technique that is electrochemically induced luminescence or  
electrochemiluminescence (ECL), for the same redox probe 
incorporated in the LB Nafion coating, deposited onto trans-
parent ITO (indium-tin oxide) electrodes.  

In this case, luminescence is produced by chemical reac-
tion between electrogenerated Ru(bpy)3

3+ and a suitable co-
reactant that can be cationic tripropylamine (protonated) or 
anionic oxalate2. The luminescence generated at the modified 
electrode is recorded by a photomultiplier connected with an 
oscilloscope, while applying an oxidation potential (from 
0.8 V to 1.2 V) with the co-reactant either dissolved in solu-
tion or loaded (when possible) in the LB film.  

In particular we focused on the role of the LB film on the 
luminescence, studying carefully the role of the luminescence 
generating reaction when it takes place inside the ionomeric 
coating or at the polymer/solution interface. The results ob-
tained indicate that ECL at the Nafion LB films: (1) is charac-
terized by a faster response time than ECL at cast-coated elec-
trodes; (2) gives a linear calibration plot only at low concen-
trations of co-reactant; (3) increases linearly with the number 
of Nafion LB layers increase; (4) is characterized by different 
intensities when Ru(bpy)3

2+ is present both in solution and in 
the film or only inside the Nafion film. 
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These characteristics are discussed in terms of reaction 
mechanism and structure of the Nafion LB film. 
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Although mercury has been the commonest electrode 
material in stripping analysis for detection in the cathodic po-
tential region, both metallic mercury and the mercury salts used 
to generate mercury�film electrodes (MFEs) are toxic and are 
considered undesirable. A few years ago, a new type of electro-
chemical sensor, the bismuth-electrode (BiFE) -consisting of 
a thin �film� of metallic bismuth on a conductive substrate-, has 
been proposed as an electrode that could potentially substitute 
the poisonous mercury electrodes commonly employed in strip-
ping analysis1. Research over the last five years, has shown that 
the performance of the BiFE  in stripping analysis is analogous 
to its mercury counterparts, mercury-film electrodes (MFEs)2,3. 
Several methods for the generation of the bismuth film have 
been reported but the most widely used method for the prepara-
tion of BiFEs is electroplating which is usually carried out po-
tentiostatically from a Bi(III) dolution (either in situ or ex situ)
2,3. However, electroplating involves the use of Bi(III) salts, 
complicates the experimental procedure and requires a conduc-
tive substrate. 

In this work, a novel method for preparation of  bismuth 
sensors is proposed,  based on sputtering of a silicon wafer with 
a thin film of bismuth4. This alternative approach for the gen-
eration of the bismuth film has some distinct advantages com-
pared to electroplating: i) the use of Bi(III) ions is avoided and, 
therefore, the experimental procedure is simplified; ii) a con-
ductive substrate is not necessary, because the sputtered bis-
muth coating serves as both the sensing element and the current 
transducer; iii) the fabrication parameters  (such as electrode 
geometry and bismuth film thickness) can be easily controlled 
while a highly reproducible surface coverage is obtained, and; 
iv) the use of standard thin-film technology offers increased 
scope of mass-production of inexpensive and disposable de-
vices.  

Different configurations of bismuth-sputtered sensors are 
created and presented using both lithographic and non-
lithographic approaches. A typical bimuth-covered electrode 
fabricated by lithography is illustrated in Figure 1.  

Results obtained for the analysis of Cd(II) and Pb(II) using 
square-wave anodic stripping voltammetry (SWASV) and of Ni
(II) and Co(II) using square-wave adsorptive stripping voltam-
metry (SWAdSV) demonstrate �proof-of-principle� of these 
devices and suggest that these mercury-free electrodes are suit-
able as disposable sensors for trace metal analysis. Typical 
stripping voltammograms for the simultaneous determination of 
Cd(II) and Pb(II) are illustrated in Figure 2. 
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Fig. 1. A lithographically-fabricated disposable bismuth-sputtered 
electrode 

Fig. 2. Stripping voltammograms for the simultaneous determina-
tion of Pb(II) (steps of 5 µg L−1) and Cd(II) (steps of 10 µg L−1) by 
SWASV on a lithographically-fabricated disposable bismuth-
sputtered electrode (inset is the calibration graph: ■ Pb; ○ Cd) 
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The current rapid progress in biomedicine and biotech-
nology is connected with increasing requirements for new 
rapid and cheap methods allowing detection of subtle changes 
in DNA sequences. Among other techniques, a great attention 
is paid to electrochemical methods. 

DNA is an electroactive molecule yielding various types 
of signals on mercury, carbon and other types of solid elec-
trodes1. Despite the fact that some of them are sensitive to 
small changes in DNA sequence and DNA damages, for vari-
ous reasons techniques utilizing electrochemical DNA tags 
and indicators (intercalators, groove binders or covalently 
bound tags) are recently preferred. Among others, we use 
osmium tetroxide complexes with nitrogen ligands, mainly 
Os,bipy (bipy - 2,2�-bipyridine)2. Os,bipy reacts selectively 
with ssDNA, exhibiting a strong preference to thymine resi-
dues; the adducts are electrochemically active and very stable. 

We designed single-stranded (ss) and double-stranded 
(ds) oligonucleotides (ODNs) containing various number of 
single-base mismatches or abasic sites, treated them with 
Os,bipy and measured signal of the DNA-Os,bipy adduct. For 
the analysis we utilized recently developed so called �double 
surface� technique involving separation on magnetic parti-
cles2,3. In model experiments we first labelled ss ODNs with 
various number of thymine residues (differing in only one 
base) by the Os,bipy complex. As we expected the signal of 
osmium increased with increased number of thymine residues. 
The same principle we used for detection of single base mis-
matches (G�T, T�T), insertions or abasic sites in intra- and 
intermolecular DNA duplexes. We show that Os,bipy was 
able to react with unpaired or mispaired T. Number of the 
mismatches can be estimated in this way. This approach ap-
pears promising as a new technique for electrochemical SNP 
detection. 
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Electrochemical Quartz Crystal Nanobalance (EQCN) 
enables to detect very small changes of mass of about 10−9. 
Such a sensitive method in connection with electrochemical 
methods makes it possible to follow very small changes of the 
mass of a working electrode. The application of this method 
to examine conductive polymers enables the quantitive deter-
mination of changes proceeding during the growth of a poly-
mer layer also during the work of a polymer-covered elec-
trode. It offers the possibility to examine not only the electro-
polymerisation processes but also the properties of polymer 
layers1,2. 

The objects of our experiments were Polyaniline and its 
co-polymers with anthranilic and metanilic acids. All exam-
ined layers were obtained by means of electrochemical po-
lymerization. The measurements were carried out  in aqueous 
solutions of supporting electrolytes containing perchloric acid 
or sulphuric acid. The aim of the research was to determine 
the quantitive changes during the polymerisation, the changes 
caused by the processes of reduction and oxidation of the 
polymer layer, and the changes connected with the degrada-
tion of the polymer layer. 

When it was possible, we compared the changes of the 
amount of the polymer calculated on the basis of the measure-
ment of the charges with the results obtained by EQCN, re-
ceiving consistent results. We obtained the dependences con-
necting the changes of the polymer mass with the potential 
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Fig. 1. Voltammetric and electrogravimetric curves of poly-
merisation of aniline + anthranilic acid in solutions 0.5 M HClO4 
and 0.5 M NaClO4; 2, 100, 200 and 300 cycles, v = 200 mV s−1 
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and time of degradation. The apparatus used in the experiment 
consisted of the electrochemical quartz crystal nanobalance M 
106 (Uelko) and the potentiostat PAR 273 working under the 
control of the software CorrWare v.2.9 (Scribner Associates 
Inc.). 

 
REFERENCES 
  1. Hepel M.: Interfacial Electrochemistry, Theory, Experi-

ment, and Applications, p. 599−630. M. Dekker, New 
York 1999. 

  2. Szumacher R.: Angew. Chem. Int. Ed. Engl. 29, 329 
(1999). 

 
 
PP082 
A PULSE VOLTAMMETRIC ELECTRONIC TONGUE 
TO PREDICT BISULFITES IN WINES 
 
ROBERTO H. LABRADORa*, JOHN OLSSONb, 
FREDRIK WINQUISTb, RAMON MARTINEZa, 
and JUAN SOTOa 
 
a Molecular Chemistry Applied Institute, Poly-technic Uni-
versity of Valencia. 46020 Valencia, Spain, b S-SENCE and 
Laboratory of Applied Physics, Link¨oping University, SE-
58183 Link¨oping, Sweden 
rolabmo1@doctor.upv.es 
 

According with the remarkable development in the de-
sign of electronic tongue devises at present, these apparatus 
represent a good alternative to be used in the characterization 
of the chemical composition of wines. In the specific case of 
electronic tongue based on voltammetry, several works have 
been presented applied in the food industry, and more specifi-
cally, in the wine industry. Voltammetry represents an exten-
sively used technique in analytical determinations due to, in 
first place, its high sensitivity. When you faced measurements 
in a complex media, in which many redox active species were 
present (i.e. wines) pulse voltammetry appears to be a suitable 
method to be used.  

In this paper, a method for predicting bisulfites in wine 
by using an electronic tongue based on pulse voltammetry is 
proposed. Previous studies have shown the capabilities of this 
electronic tongue to monitor quality changes of milk1, recog-
nize different microbial species2, and for supervision of rinses 
in a washing machine3.  

 
Apparatus 

ET. The electronic tongue devise consists in a four work-
ing electrodes array (gold, rhodium, iridium and stainless 
steel, all with purity of 99.9 % and 1 mm diameter) housed 
inside a stainless steel cylinder used at the same time as both 
the body of the ET system and the counter/reference elec-
trode, and with a self polishing devise incorporated as well. 

 
Samples 

Although the main objective of this study is the predic-
tion of bisulfites in wine, others compounds have been in-
cluded on this analysis in order to create an experimental 
design with a system of 3 compounds-3 levels. Ascorbic acid 
and Histamine are also included in the analysis. The com-

pounds are different in structure and redox activity, although 
they are frequently present in wines composition (bisulfites 
and ascorbic acid as additives and histamine as a spoilage 
indicator). By using a software of experimental design 
(MODE 8.0), the quantity of samples is generated, as well as 
the levels of the compounds on each sample is established to 
compile all information of the 3x3 system for further statisti-
cal analysis. Thus, a calibration set including 18 samples was 
prepared by addition of the three selected compounds into 
a wine matrix (white wine Bereich Nierstein purchased from 
the local market Systembolaget); in levels low (0), medium 
(2) and high (4). The numbers to define levels do not corre-
spond with concentrations. For prediction, another set includ-
ing 20 samples prepared in different wine matrixes was pre-
pared as well. Prediction set includes also levels 1 and 3. 

The measured data was analyzed by multivariate analy-
sis, including Principal Component Analysis (PCA), Cross-
validation and Partial Least Squared (PLS), the latest for 
building prediction models. Figures 1 and 2 show the Pre-
dicted vs. Measured data of bisulfite for calibration set and 
both calibration/prediction sets together respectively. The 
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accuracy of prediction for bisulfites resulted to be higher than 
both ascorbic acid and histamine, owing mainly the higher 
redox activity of bisulfites in front of the used electrodes. 
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Endogenous thiol derivatives such as cysteine and glu-

tathione are nowadays well recognized as biomarkers in oxi-
dative stress conditions.  Homocysteine has been shown to be 
a marker of the risk of adverse cardiovascular events.  Drug 
compounds such as captopril and N-acetylcysteine are widely 
applied as pharmaceuticals.  Numerous analytical methods 
have been described for the assay of  thiol compounds but 
there is still a need for method improvement in terms of sensi-
tivity and selectivity.   

We are in the process of developing an amperometric 
detector for the highly sensitive quantification of thiol com-
pounds.  A thin-layer flow through amperometric detector cell 
featuring a solid carbon paste working electrode containing 
35 % of micronized metallic silver was applied in the present 
study.  The working electrode has so far been shown to be 
sensitive to cysteine, N-acetylcysteine, homocysteine, reduced 
glutathione (GSH) and halogenides i.e. species known to 
strongly interact with Ag and Ag+. 

Mechanistic informations regarding the sensing process 
have been obtained by hydrodynamic and cyclic voltammetry. 

An anion exchange liquid chromatography (formic acid 
buffer pH 3.5 containing 10 mM of sodium nitrate and 10 % 
acetonitrile as mobile phase) was applied to separate the stud-
ied thiols from the halogenides.  The working potential was 
fixed at 0.080 V vs. Ag/AgCl.  A linear relationship between 
peak current and GSH concentration was obtained from 
10 nM to 100 nM.  Beyond 100 nM, the repeatabilty of suc-
cessive injections resulted in a progressive decrease in the 
signal (anodic current) but application of a suitable negative 
potential for 5 min permitted to reestablish the detector�s 
sensitivity.   
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Bentonite, volcanic clay, is a technological aid widely 
used in grape juice to remove proteins, thus reducing the risk of 
protein haze. However, the bentonite can have arsenic as 
a contaminant transferring it to the beverage. 

This study describes a fast, simple and inexpensive differ-
ential pulse cathodic stripping voltammetric method performed 
on a hanging mercury drop electrode (HMDE) for determina-
tion As (III) and total inorganic arsenic concentrations at µg L−1 
level in samples of grape juices available in the Brazil.  

Electroactive As (III) is determined by direct CSV analy-
sis and total arsenic is determined after reduction of As (V) to 
As (III). As (V) is calculated by difference between total inor-
ganic arsenic and As (III). Sodium metabisulfite and sodium 
thiosulfate were used for the reduction of As (V) to As (III). 
As (III) is then determined in 0.4 mol L−1 HCl, 5 mg L−1 Cu (II) 
and 0.004 mg L−1 Se (IV) supporting electrolyte. 

At optimized conditions, the detection limits for both 
As (III) and As (V) were 0.2 µg L−1 for a deposition time of 
180 s the  linear range being from 0.5 to 50 µg L−1.  

Standard deviation for 1 µg L−1 arsenic concentration 
(n=10) was 5 %. The method has been successfully applied to 
identify and quantify inorganic arsenic in grape juices and the 
accuracy was verified by a recovery test on spiked samples 
(98.2 %).  

Interference from some ions in grape (Pb, Cu, Zn, Cd) is 
minimal. 

Twelve different brands of grape juice were analyzed 
and the concentration range for As (III) was 51−71 µg L−1 and 
As (V) 34−60 µg L−1. 
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