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1. Introduction     

Biological background: Chloride ion sensing is important in many fields such as clinical 
diagnosis (Huber et al., 1998; Jiang et al., 1998) environmental monitoring (Huber et al., 
2000; Martin & Narayanaswamy, 1997; Montemor et al., 2006) and various industrial 
applications (Babu et al., 2008; Badr et al., 1999). Considering the fact that chloride channels 
play crucial role in physiological processes it is not surprising that missregulation of 
chloride ion transport by these channels can cause serious disorders. Cystic fibrosis is a 
disease in which gene encoding of a protein, called cystic fibrosis transmembrane regulator, 
which functions as a chloride channel in epithelial membranes, is mutated and thus its 
function is altered (Ratjen & Doring, 2003). Besides the importance of monitoring chloride 
ions in patients with this disease, monitoring chloride ion in the environment is needed.  
Building industry issue: Chloride ions content in concrete plays important role in the quality 
of reinforced concrete, as these ions induce depassivation of the steel rebar and initiation of 
the corrosion process leading to degradation of the structure. Chloride ions in concrete come 
from cement, aggregate materials and water used for creating concrete, or by diffusion of 
chloride ions from outside of the structure through water pores in the concrete. 
Determination of chloride ions in materials for concrete is thus necessary (Junsomboon & 
Jakmunee, 2008; Montemor et al., 2006). The content of chloride ions in waters is also 
monitored well (Hahn, 2005; Sebkova, 2003). 
Environmental issue: Besides, according to proverb “God created 90 elements, man around 
17, but Devil only one – chlorine”, it is obvious that this element is also a component of 
substances very harmful to the environment, which are called pesticides. Organophosphate, 
carbamate and organochlorinated compounds belong to the most widely used organic 
pesticides. Principal attention of many scientists has been paid to organochlorinated 
hydrocarbons, which affect the nervous and respiratory system and, unfortunately, persist 
in the environment. In developed countries their use is strictly regulated, whereas new 
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technologies to remove their residues are searched for (Francova et al., 2004; Chroma et al., 
2002; Chroma et al., 2003; Kucerova et al., 1999; Kucerova et al., 2001; Leigh et al., 2006; 
Sudova et al., 2007; Villacieros et al., 2005). Nevertheless, in developing countries there is no 
restriction on the use of these substances. Therefore monitoring of environment pollution by 
pesticides is still concern in both developed and developing countries (Fig. 1). 
 
 

hydrocarbons

Scheme of dehalogenase-based biosensors

Persistant 

organic polutants

dehalogenase

halide ions

X

X-

 

Fig. 1. Scheme of dehalogenase-based biosensors. Dehalogenase is able to cleave persistent 
organic pollutant (POP) into hydrocarbon and halide. The halide ion is subsequently 
detected by the appropriate detector. 

Analytical task: Development of low cost and sensitive methods for the determination of  
pesticides in the environment is needed (Andrade-Eiroa et al., 2002; Heinisch et al., 2005; 
Heinisch et al., 2004; Taylor & Grate, 1995; Wegner et al., 2005). For direct detection of these 
molecules hyphenated techniques such gas or liquid chromatography with mass 
spectrometry (Alder et al., 2006; Hercegova et al., 2007; Hernandez et al., 2005; Lacorte & 
Barcelo, 1996; Lambropoulou & Albanis, 2007; Popp et al., 1997; Rodriguez-Mozaz et al., 
2007; Sancho et al., 2006), capillary electrophoresis (Boyce, 2007; Ravelo-Perez et al., 2006), 
thin layer chromatography (Sherma, 2007) coupled with various detectors are used. These 
methods are often time-consuming, demanding on high-cost instrumentation and most of 
all, lack any no possibility of miniaturization. However, recently discovered enzymes called 
haloalkane dehalogenases (Fig. 1) are involved in biochemical pathways enabling bacteria to 
utilize halogenated compounds via releasing halogen ion from the molecule of halogenated 
hydrocarbon (Bosma et al., 2002; Damborsky & Brezovsky, 2009; Jesenska et al., 2005; 
Nagata et al., 1997; Nagata et al., 2005; Pavlova et al., 2009; Prokop et al., 2003). Haloalkane 
dehalogenases are key enzymes in the degradation of synthetic haloalkanes that occur as 
soil pollutants (Janssen, 2004). The reaction mechanism of haloalkane dehalogenases was 
initially clarified by detailed crystallographic and site-directed mutagenesis analyses of 
DhlA from Xanthobacter autotrophicus GJ10 (Janssen, 2004). A catalytic triad (i.e., nucleophile-
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histidine-acid) is essential for the reactions catalyzed by members of the ┙/┚-hydrolase 
family. Amino acid residues for the catalytic triad of LinB were proposed to be D108, H272, 
and E132 on the basis of a site-directed mutagenesis analysis (Hynkova et al., 1999). A 
catalytic pentad is composed of a catalytic triad and two hydrogen bond-donating residues 
providing halide stabilization (Janssen, 2004). One out of the two residues involved in the 
halide binding, i.e., tryptophan localized directly next to the nucleophilic aspartate, is 
invariable. The second halide-stabilizing residue is represented by a tryptophan residue in 
DhlA (W175) or an asparagine residue in DhaA (N41) and LinB (Bohac et al., 2002; Nagata et 
al., 2007). This feature can be used for suggesting appropriate biosensors which detect 
released chloride, as shown by Mikelova et al. (Mikelova et al., 2008) and Murthy et al. 
(Murthy et al., 2010). Numerous analytical methods for chloride ions in a variety of samples 
have been developed, such as ion chromatography (Jeyakumar et al., 2008; Pereira et al., 
2008), near-infrared spectrometry (Wu & Shao, 2006), spectroscopy (Philippi et al., 2007), light 
scattering (Cao & Dong, 2008), ion-selective electrode method (Babu et al., 2008; Junsomboon 
& Jakmunee, 2008; Kumar et al., 2006; Shishkanova et al., 2007), turbidimetric method 
(Mesquita et al., 2002) and flow based methods coupled with different detectors (Bonifacio 
et al., 2007; Junsomboon & Jakmunee, 2008; Pimenta et al., 2004; Trnkova et al., 2008). The 
main aim of this paper was to propose, fabricate and test new conductometer for the fast 
and sensitive detection of chloride ions. Moreover, we coupled the conductometer with 
haloalkane dehalogenase, enzyme able to cleave chlorinated chemicals, in order to detect 
pesticides (Fig. 2). 
 
 

 
 

Fig. 2. Structure of haloalkane dehalogenase mutant Dha15 (I135fC176Y) from Rhodococcus 
rhodochrous; PDB ID: 3FWH, Gavira JA, Stsiapanava A, Kuty M, Dohnalek J, Lapkouski M, 
Kut I, Smatanova, 2009/1/18 . The figure prepared using the program Cn3D of the National 
Center for Biotechnology Information. 
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2. Experimental section 
2.1 Chemicals, material and pH measurements 

The chemicals used were purchased from Sigma Aldrich Chemical Corp. (USA) in ACS 
purity unless noted otherwise. The stock standard solutions were prepared with ACS water 
(Sigma-Aldrich, USA) and stored in the dark at -4 °C. Working standard solutions were 
prepared daily by dilution of the stock solutions. The pH value was measured using WTW 
inoLab Level 3 with terminal Level 3 (Weilheim, Germany), controlled by a personal 
computer program (MultiLab Pilot; Weilheim, Germany). The pH-electrode (SenTix-H, pH 
0–14/3M KCl) was regularly calibrated by set of WTW buffers (Weilheim, Germany). 
Deionised water underwent demineralization by reverse osmosis using the instruments 
Aqua Osmotic 02 (Aqua Osmotic, Tisnov, Czech Republic) and then it was subsequently 
purified using Millipore RG (Millipore Corp., USA, 18 MΏ) – MiliQ water. 

2.2 Designing the μconductometer 

During the design process of the microchip, attention was paid to characteristics of the 
measurement method and the goal was to design such a microsystem structure as would 
use the advantages of this method. A block scheme is shown in Fig. 3A. The comb-like 
electrodes on the sensor are connected to a bridge of switches which allow to change 
polarity of the bias current flowing through the sensor controlled by CLK phase. Four 
subranges of the sensor currents were designed to induce sensor voltage drop on the sensor 
from 10 mV to 100 mV. Te offset compensation designed allows to compensate not just the 
opamp (operational amplifier) offset but also to eliminate the parasitic voltage drop at 
sensor switches. 

2.3 Fabrication of the new μconductometer and sensors 

The screen-printed comb-like Pt electrodes were fabricated as sensing part of the sensor (Fig. 

3B). The screen-printed working electrode was fabricated using standard thick-film cermet 

paste on an alumina substrate with dimension 25.4 × 7.2 mm. The paste used for leads and 

contact pads was AgPdPt based paste type ESL 9562-G (ESL Electroscience, UK). The 

working electrode was fabricated from carbon paste BQ-221 (DuPont, USA). Isolation was 

made from dielectric paste ESL 4913-G (ESL Electroscience, UK). Prior to measurement with 

electrically modified sensors, an optical analysis of platinum layer on the sensor was carried 

out. The measurements were performed on a confocal laser microscope LEXT (Olympus, 

Germany).  The electrode was connected to ASIC microchip performing bipolar pulse 

technique, which was implemented into new conductometric instrument controlled by 

microcontroller including A/D and D/A converters and UART circuits assuring USB data 

loading (Fig. 3C). Moreover, impedance precise analyzer Agilent 8492A (EIS, USA) 

controlled by LabView program was utilized for Electrochemical Impedance Spectroscopy 

and calibration of the fabricated instrumentation. 

2.4 Enzyme 

Haloalkane dehalogenase (E.C. 3.8.1.5.) was donated by Prof. Jiri Damborsky from 
Loschmidt Laboratories, Faculty of Science, Masaryk University, Brno, Czech Republic. 
Briefly about these enzymes: haloalkane dehalogenases make up an important class of 
enzymes that are able to cleave carbon-halogen bonds in halogenated aliphatic compounds. 
There is a growing interest in these enzymes because of their potential use in  
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Fig. 3. Home made μconductometer. (A) A block scheme of the bipolar technique 
implemented into the microchip. (B) Fabrication of the sensor: a: conductive layer, 
b: electrodes, c: double covering layer. (C) Hand-held instrumentation with the chip 
designed (ASIC). 

bioremediation, as industrial biocatalysts, or as biosensors. Structurally, haloalkane 
dehalogenases belong to the ┙/┚-hydrolase fold superfamily (Ollis et al., 1992). Without 
exception, haloalkane dehalogenases contain a nucleophile elbow (Damborsky, 1998), which is 
the most conserved structural feature within the ┙/┚-hydrolase fold. The other highly 
conserved region in haloalkane dehalogenases is the central ┚-sheet. Its strands, flanked on 
both sides by ┙-helices, form the hydrophobic core of the main domain that carries the 
catalytic triad Asp-His-(Asp/Glu). The second domain, consisting solely of ┙-helices, lies like a 
cap on top of the main domain. Residues at the interface of the two domains form the active 
site. Whereas there is significant similarity in the catalytic core, the sequence and structure of 
the cap domain diverge considerably among different dehalogenases. The cap domain is 
proposed to play a prominent role in determining substrate specificity (Kmunicek et al., 2001; 
Pries et al., 1994b). A reaction mechanism for haloalkane dehalogenase has been proposed on 
the basis of x-ray crystallographic (Verschueren et al., 1993), site-directed mutagenesis (Pries et 
al., 1995; Pries et al., 1994a), and kinetic (Schanstra & Janssen, 1996; Schanstra et al., 1996) 
studies with the haloalkane dehalogenase of Xantobacter autotrophicus GJ10 (DhlA). Catalysis 
proceeds by the nucleophilic attack of the carboxylate oxygen of an aspartate group on the 
carbon atom of the substrate, yielding displacement of the halogen as halide and formation of 
a covalent alkyl-enzyme intermediate. The alkyl-enzyme intermediate is subsequently 
hydrolyzed by a water molecule activated by the histidine. A catalytic acid (Asp or Glu) 
stabilizes the charge developed on the imidazole ring of the histidine during the hydrolytic 
half-reaction. 
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2.5 Enzymatic experiment 

Enzyme haloalkane dehalogenases were dissolved (7.6 g/mL) in phosphate buffer 0.1 mM 
with pH 7.6. the Dissolved 1-chloro-hexane (as pesticide substitute) in the phosphate buffer 
was added to enzyme solution and tempered 1 hour at 38°C according to (Mikelova et al., 
2008), which ensured all hexane molecules to enter into reaction with enzyme. Samples of 
this analyte were dropped into buffer with 5 min intervals. 

3. Results and discussion 

Primarily, a attempt to test our hypothesis on suggesting conductivity-based biosensor for 
detection of pesticides was made. In this experiment, we used WTW conductometer 
(Wissenschaftlich-Technische Werkstätten - WTW, Weilheim, Germany). The measurements 
were carried out with InoLab Cond 730 coupled with conductivity cell TetraCon 325. The 
instrument was firstly used for detection of various concentrations of chloride ions. The 
logarithmic calibration curve is shown in Fig. 4A. The dependence was linear with R2 above 
0.9. Further, we were interested in the issue whether the instrument could be able to detect 
changes in resistance depending on addition of haloalkane dehalogenase (500 nM) and its 
substrate as 1-chlorohexane (H3C-(CH2)5-Cl) (Fig. 4B). It clearly follows from the results 
obtained that the additions of the substrate with different volumes have detectable influence 
on the resistance. Moreover, we investigated dependence of the resistance on time of the 
reaction. The results obtained are shown in Fig. 4C. Almost all substrate was cleaved up to 
30 min. It can be concluded that coupling of conductometer and haloalkane dehalogenase 
can be used for detection of pesticides. 

3.1 μConductometer 

In the following experiments, we aimed at suggesting, fabricating and testing such a home-
made conductometer for similar purposes, as would have better parameters than InoLab 
Cond 730 coupled with conductivity cell TetraCon 325. The bipolar pulse technique was 
originally described in 1970 for measurements with conventional electrodes (Johnson & 
Enke, 1970). Nowadays, the technique is applied with microelectrode systems (Pumera et 
al., 2006). The first integration of the technique into microchip came in 2002 in our 
laboratories using AMIS technology. A new microchip with improved parameters was 
designed and fabricated in 2006. To detect chloride ions we used newly designed instrument 
carrying out bipolar pulses (Fig. 3). The method of bipolar pulse consists of applying two 
consecutive voltage pulses of equal amplitude and pulse width, but of opposite polarity, to 
a cell and then measuring the cell current precisely at the end of the second pulse. The 
method directly measures conductance as in the AC technique of measurements. With this 
measurement we can reach 0.01% accuracy if the pulse widths of both pulses are equal to 
within 1% and the double layer voltage is kept to less than 1% of the applied voltage 
(Johnson & Enke, 1970). Another advantage of bipolar pulse measurements is the 
elimination of capacitance as the double layer capacitance and the faradaic capacitance. The 
width of pulses should be determined to minimise the error caused by non-capacitive part 
of the impedance. The instrument measurement and calibration using resistor was 
performed with United Kingdom Accreditation Service calibration certificate. The error at 
range 3 and 4 is below 1 %, at range 2 below 1.4 % (Fig. 5). The lowest range error is much 
higher because of a circuit fault on the microchip. This lowest range is not necessary for our 
measurements. 
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Fig. 4. WTW measurements. (A) Dependence of resistance on logarithmic concentration of 
chloride ions. (B) Dependence of resistance on two additions (100 and 200 µl) of the 
substrate (1-chlorohexane). (C) Dependence of resistance on time of reaction of haloalkane 
dehalogenase (500 nM) with 1-chlorohexane (5 µM). 

3.2 Fabrication and characterization of sensors coupled to the μconductometer 

We used screen-printed comb-like Pt electrodes as a sensor. The goal was to design the 
microsystem structure and during the design process of the microchip attention was paid to 
characteristics of the measurement method. The comb-like electrodes on the sensor are 
connected to a bridge of switches which allow to change polarity of the bias current flowing 
through the sensor. Four sub-ranges of the sensor currents were designed to induce sensor 
voltage drop on the sensor from 10 mV to 100 mV. The offset compensation designed allows 
to compensate not just the opamp (operational amplifier) offset but also to eliminate the 
parasitic voltage drop at sensor switches. 
Prior to measurement with electrically modified sensors, an optical analysis of platinum 
layer on the sensor was carried out. The measurements were performed on a confocal laser 
microscope LEXT. It uses a laser for the screening of a surface point by point. 
Superimposing of measured data provides sharp images with magnification of up to 14 400 
× with a resolution of 0.12 µm. In addition, this device allows easy measurement of surface 
relief. The anode of the electrode showed in Fig. 6A was galvanized (the comb at the top of 
the figure), but the cathode was not galvanized (the comb in the middle of the figure). the 
galvanized platinum was black, unlike the printed platinum, which had a silver-grey colour. 
To better assess the surface, measurements with higher magnification were needed. These 
measurements showed that the deposited layers were homogeneous and smooth (Fig. 6B). 
Under more careful treatment of the observed figures, it was possible to identify scales that 
originated on the surface. They hold tight, because the whole sensor was rinsed thoroughly 
with demineralized water after galvanization. 
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Fig. 5. Home made μconductometer. Errors of resistance measurements at three ranges 
measured by a μconductometer. 

By contrast, a non-galvanized electrode surface is completely different. There is a large grain 

size and porosity of the surface evident (Fig. 6C). After galvanizing the surface porosity is 

not seen. The flakes, which were seen in the previous figure, are probably only bright point 

on the surface, as can be seen from the centre of Fig. 6D. To improve the equality of 

electrode surface ultrasound was used during galvanizing. After starting the electrolysis at 

the plated surface hydrogen begins to develop and this hydrogen evolution hinders the 

whole process. Ultrasonic vibration releases gas bubbles from the surface and the deposited 

layers are cleaner and smoother. Therefore, we used this procedure for the preparation of 

electrodes in the following part of the experiment. 

3.3 Characterization of the μconductometer and fabricated sensors 

The characterization of screen-printed sensor has been done under chlorides ions 

measurements using electrochemical impedance spectroscopy and NaCl analyte (from 100 

nM to 1 mM). It was found that electrodes with two fingers showed instability and very 

poor reproducibility with standard deviation of measurement higher than 45 %. It confirms 

the results described in (Jacobs et al., 1995), where the drawback causing this error is well 

explained. Multiple numbers of fingers are eligible for precise and reproducible 

measurement. The reproducibility was increased by galvanic plating of black platinum on 

the total sensing area of electrodes. The diffusion part (Warburg impedance) becomes 

significant with increasing concentration of conductive ions because of very small 

interelectrode distance of the electrode structure. The phosphate buffer with concentration 

of 1 mM was found as optimal for measurement according to measured conductivity 

(resistance) about 2 kΩ. The sensor sensitivity as rate R/c (c - concentration of NaCl) was  
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Fig. 6. Home made μconductometer. Comparison of surfaces of (A) galvanized and (B) non-
galvanized electrodes. Detail galvanized electrode surface. Surface detail of (C) non-
galvanized electrode and (D) galvanized electrode. 

determined from calibrating curve for 20 kHz measuring sinusoidal signal and NaCl 

concentration changes in buffer. Determined sensitivity -2.2 Ω·µM-1 (R2=0.995) was obtained 

by recalculating to chloride ions. 

3.4 Detection of pesticides 

Many species of chemotrophic bacteria contain enzymes (dehalogenase) which are able to 
release halides from the molecule of halogenated hydrocarbon. Haloalkane dehalogenase 
(E.C. 3.8.1.5.) can be used to cleave hydrolytically the carbon-halogen bond forming 
corresponding alcohol, halide anion and a proton (Janssen et al., 1994). These enzymes can 
be utilized for detection of pesticides made of chlorinated hydrocarbons. The halide released 
by the enzyme can be detected by using an electrochemical detector, as it was shown above. 
It is known that the enzymatic activity can be affected by many factors like buffer 
composition, pH, ionic strength and temperature. To detect the halogenated hydrocarbons, 
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the haloalkane dehalogenase LinB from bacterium Sphingobium japonicum UT26 was used 
(Nagata et al., 1997). The experimental conditions for the highest activity of this enzyme 
described by Nagata et al. had to be modified in our experiments, because the presence of 
glycine buffer (pH 8.6) used for measurement of kinetic properties of LinB is not suitable for 
electrochemical analysis due to high background signal and reduced sensitivity of the 
electrochemical response. The glycine buffer was therefore replaced with for borate buffer 
pH 7.6. Under these experimental conditions, the enzymatic release of chloride from 
chlorinated hydrocarbon 1-chlorohexane (1 mM) was investigated. Detection of cleaved 
chloride ions was carried out with two instruments: i) a commercial R-C meter Agilent 
4284A and ii) a home-made μconductometer as mentioned above. 
To verify the correctness of theoretical assumptions on which the measurement is based, it 
was necessary to carry out specific measurements. The enzyme itself is very conductive and 
the addition of this biologically active compound to the buffer at a concentration, which 
ensures efficient progress of reaction, resulted in a decrease of resistance down to 150 Ω. The 
decrease in conductivity caused by the chlorid anions themselves, which are released from 
the pesticide, is not so great because a pesticide is supplied in solution in very small 
quantities. The measurability of the pesticide concentration in the solution would thus be 
easily questionable, as already mentioned increase in conductivity could be described as one 
caused only by the enzyme, rather than pesticides. Therefore, we carried out measurements 
in an environment of pure buffer to which the enzyme was added and, then, a substance 
representing the pesticide 1-chlorohexane.  
The main obstacle consists in the measurement of enzyme activity with 1-chlorohexane. It is 
necessary to maintain a high temperature of the solution throughout the reaction for relative 
long time (about 50 minutes). Moreover, it was necessary to close the entire reaction system 
due to volatility of 1-chlorohexane. The possible release of 1-chlorohexane into the 
environment could significantly decrease its concentration in reaction solution. To test 
μconductometer, three concentrations of 1-chlorohexane, 500 nM, 5 and 50 µM to evaluate 
the detectable range and two concentrations of the enzyme (100 and 500 nM) to test the 
hypothesis of the enzyme as a catalyst depending on the quantity were chosen. 
The measured course (marked with pink colour, Fig. 7) means a solution having a 
concentration of the enzyme (500 nM) and 1-chlorohexane (50 μM) and was supposed to verify 
the accuracy of measurements. It follows from the results obtained (part II) that the addition 
the enzyme caused a decrease of resistance of 161 Ω. Further decrease in resistance (39 Ω) in 
part III of the Figure was caused by chloride ions released from 1-chlorohexane. The second 
course (marked in violet, Fig. 7) is measured with the same concentration 1-chlorohexane, but 
with five fold lower concentration of added enzyme (100 nM). The purpose of the 
measurements was to demonstrate that the same amount 1-chlorohexane can be cleaved as a 
substantially smaller amount of the enzyme and thus the decrease in resistance by the enzyme 
itself can be avoided. The decrease in resistance caused by the enzyme is 33 Ω and the decrease 
in resistance caused by chlorine ions released from 1-chlorohexane was 17 Ω. The difference 
compared to the chlorine-based decrease in the first measurement with the higher 
concentration of the enzyme is probably caused by lower concentration of the enzyme. This 
presumption is also supported by lower rate of reaction because the curve is not as steep as in 
the previous case. The last two curves (marked in blue and red, Fig. 7) represent the situation 
when we added the enzyme as 500 nM, but concentrations of 1-chlorohexane were much 
lower (500 nM and 5 µM). The Decrease in the resistance of the solution after adding the 
enzyme was 149 Ω, after adding 1-chlorohexane was 8 and/or 10 Ω for 500 nM and 5 µM of 1-
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chlorohexane, respectively. The results are in good agreement with those measured by WTW 
instrument (Fig. 4). Moreover, bipolar pulse measurements have a greater sensitivity 
compared to WTW instrument opening a window for other applications. 
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Fig. 7. Home made μconductometer. Dependence of resistance of various solutions consist 
of the enzyme and 1-chlorohexane on the time of the reaction. 

Further, we calibrated the entire system. The measured calibration curve for the solution 

enzyme-1-chlorohexane with changing 1-chlorohexane concentration given on the x-axis has 

the following slope-intercept equation: y = 5.84 x (concentration of the enzyme – 100 nM; 

concentration of 1-chlorohexane – 500 nM, 1 µM, 5 µM, 10 µM and 50 µM). Subsequently, we 

plotted the dependence of resistance on the concentration of the enzyme itself with the 

following slope-intercept equation: y = 0.268 x (concentration of the enzyme – 10 nM, 100 

nM, 500 nM and 1,000 nM). When comparing the difference between measurements with 

addition of pure enzyme and enzyme-1-chlorohexane, slopes of both curves were different. 

This means that despite the very high conductivity change caused by the enzyme itself we 

are able to detect reaction with 1-chlorohexane, because with the increasing concentration of 

cleaved 1-chlorohexane resistance decreases rapidly. Moreover, we compared the results 

obtained with those obtained with Agilent 8492A and WTW  and we found that they 

instrument were in good agreement. Moreover we found a high positive correlation (r = 

0.954) between results obtained. 

4. Conclusion 

A biosensor is an analytical device for the detection of an analyte that combines a biological 
component with a physicochemical detector component. Simple biosensors are of great 
development and would be considered as analytical tools in 21st century, which could be 
used for both diagnostic and environmental monitoring purposes (Bidmanova et al., 2010; 
Cagnin et al., 2009; Caruana & Howorka, 2010; Ferreira et al., 2009; Gawel et al., 2010; 
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Kurzawa & Morris, 2010; Lee et al., 2010; Libertino et al., 2009; Murthy et al., 2010; Nayak et 
al., 2009; Ronkainen et al., 2010; Roy & Gao, 2009; Scarano et al., 2010; Vikesland & 
Wigginton, 2010; Yoo & Lee, 2010). The main advantage of these tools is their rapidity. This 
feature is very important for operational decisions in the event of natural or other 
emergencies. In this study, simple μconductometer was fabricated and tested. the results of 
comparison of the Agilent 8492A and WTW instrument with bipolar pulses technique 
confirm that this new instrumentation gives similar results. The resistance discrepancy for 
EIS was determined 2 Ω indicating detection limit about 1 µM of chloride ions. The new 
instrumentation reaches a discrepancy of 4 Ω determining detection limit about 2 µM of 
chloride ions released by reaction between enzyme and pesticide. Based on this, we were 
able to determine detection limit for pesticide as 100 nM. 

5. Acknowledgements 

The financial support from the grants INCHEMBIOL MSM0021622412 MIKROSYN 
MSM0021630503  and GA CR 102/08/1546 is highly acknowledged. The authors express 
their thanks to Jiri Damborsky and Zbynek Prokop for discussion and donation of the 
enzyme. 

6. References 

Alder, L.; Greulich, K.; Kempe, G. & Vieth, B. (2006). Residue analysis of 500 high priority 
pesticides: Better by GC-MS or LC-MS/MS? Mass Spectrom. Rev., 25, 6, 838-865. 
ISSN 0277-7037 

Andrade-Eiroa, A.; Erustes, J.A.; Forteza, R.; Cerda, V. & Lima, J.L.F.C. (2002). 
Determination of chloride by multisyringe flow injection analysis and sequential 
injection analysis with potentiometric detection. Anal. Chim. Acta, 467, 1-2, 25-33. 
ISSN 0003-2670  

Babu, J.N.; Bhalla, V.; Kumar, M.; Mahajan, R.K. & Puri, R.K. (2008). A chloride selective 
sensor based on a calix[4]arene possessing a urea moiety. Tetrahedron Lett., 49, 17, 
2772-2775. ISSN 0040-4039 

Badr, I.H.A.; Diaz, M.; Hawthorne, M.F. & Bachas, L.G. (1999). Mercuracarborand "anti-
crown ether"-based chloride sensitive liquid/polymeric membrane electrodes. 
Anal. Chem., 71, 7, 1371-1377. ISSN 0003-2700 

Bidmanova, S.; Pohanka, M.; Cabal, J.; Prokop, Z. & Damborsky, J. (2010). Early Warning 
Biosensors for Detection of Chemical Warfare Agents. Chem. Listy, 104, 5, 302-308. 
ISSN 0009-2770 

Bohac, M.; Nagata, Y.; Prokop, Z.; Prokop, M.; Monincova, M.; Tsuda, M.; Koca, J. & 
Damborsky, J. (2002). Halide-stabilizing residues of haloalkane dehalogenases 
studied by quantum mechanic calculations and site-directed mutagenesis. 
Biochemistry, 41, 48, 14272-14280. ISSN 0006-2960 

Bonifacio, V.G.; Figueiredo-Filho, L.C.; Marcolino, L.H. & Fatibello-Filho, O. (2007). An 
improved flow system for chloride determination in natural waters exploiting 
solid-phase reactor and long pathlength spectrophotometry. Talanta, 72, 2, 663-667. 
ISSN 0039-9140 

Bosma, T.; Damborsky, J.; Stucki, G. & Janssen, D.B. (2002). Biodegradation of 1,2,3-
trichloropropane through directed evolution and heterologous expression of a 

www.intechopen.com



An analytical Task: A miniaturized and Portable  
μConductometer as a Tool for Detection of Pesticides   

 

399 

haloalkane dehalogenase gene. Appl. Environ. Microbiol., 68, 7, 3582-3587. ISSN 
0099-2240 

Boyce, M.C. (2007). Determination of additives and organic contaminants in food by CE and 
CEC. Electrophoresis, 28, 22, 4046-4062. ISSN 0173-0835 

Cagnin, S.; Caraballo, M.; Guiducci, C.; Martini, P.; Ross, M.; SantaAna, M.; Danley, D.; 
West, T. & Lanfranchi, G. (2009). Overview of Electrochemical DNA Biosensors: 
New Approaches to Detect the Expression of Life. Sensors, 9, 4, 3122-3148. ISSN 
1424-8220 

Cao, H. & Dong, H.W. (2008). Rapid and sensitive determination of trace chloride ion in 
drinks using resonance light scattering technique. J. Autom. Methods Manag. Chem., 
Article Number 745636, 5. ISSN 1463-9246 

Caruana, D.J. & Howorka, S. (2010). Biosensors and biofuel cells with engineered proteins. 
Mol. Biosyst., 6, 9, 1548-1556. ISSN 1742-206X 

Damborsky, J. (1998). Computer modelling of microbial hydrolytic dehalogenation. Pure 
Appl. Chem., 70, 7, 1375-1383. ISSN 0033-4545 

Damborsky, J. & Brezovsky, J. (2009). Computational tools for designing and engineering 
biocatalysts. Curr. Opin. Chem. Biol., 13, 1, 26-34. ISSN 1367-5931 

Ferreira, G.N.M.; Da-Silva, A.C. & Tome, B. (2009). Acoustic wave biosensors: physical 
models and biological applications of quartz crystal microbalance. Trends 
Biotechnol., 27, 12, 689-697. ISSN 0167-7799 

Francova, K.; Mackova, M.; Macek, T. & Sylvestre, M. (2004). Ability of bacterial biphenyl 
dioxygenases from Burkholderia sp LB400 and Comamonas testosteroni B-356 to 
catalyse oxygenation of ortho-hydroxychlorobiphenyls formed from PCBs by 
plants. Environ. Pollut., 127, 1, 41-48. ISSN 0269-7491 

Gawel, K.; Barriet, D.; Sletmoen, M. & Stokke, B.T. (2010). Responsive Hydrogels for Label-
Free Signal Transduction within Biosensors. Sensors, 10, 5, 4381-4409. ISS 1424-8220 

Hahn, F. (2005). Novel valve for automatic calibration of a chloride sensor for river 
monitoring. Biosyst. Eng., 92, 3, 275-284. ISSN 1537-5110 

Heinisch, E.; Kettrup, A.; Bergheim, W.; Martens, D. & Wenzel, S. (2005). Persistent 
chlorinated hydrocarbons (PCHC), source-oriented monitoring in aquatic media - 
2. The insecticide DDT, constituents, metabolites. Fresenius Environ. Bull., 14, 2, 69-
85. ISSN 1018-4619   

Heinisch, E.; Kettrup, A.; Bergheim, W. & Wenzel, S. (2004). Persistent chlorinated 
hydrocarbons (PCHC), source-oriented monitoring in aquatic media. 1. Methods of 
data processing and evaluation. Fresenius Environ. Bull., 13, 12B, 1461-1473. ISSN 
1018-4619   

Hercegova, A.; Domotorova, M. & Matisova, E. (2007). Sample preparation methods in the 
analysis of pesticide residues in baby food with subsequent chromatographic 
determination. J. Chromatogr. A, 1153, 1-2, 54-73. ISSN 0021-9673 

Hernandez, F.; Sancho, J.V. & Pozo, O.J. (2005). Critical review of the application of liquid 
chromatography/mass spectrometry to the determination of pesticide residues in 
biological samples. Anal. Bioanal. Chem., 382, 4, 934-946. ISSN 1618-2642 

Huber, C.; Klimant, I.; Krause, C.; Werner, T.; Mayr, T. & Wolfbeis, O.S. (2000). Optical 
sensor for seawater salinity. Fresenius J. Anal. Chem., 368, 2-3, 196-202. ISSN 0937-
0633 

www.intechopen.com



 Pesticides - Strategies for Pesticides Analysis 

 

400 

Huber, C.; Werner, T.; Krause, C.; Klimant, I. & Wolfbeis, O.S. (1998). Energy transfer-based 
lifetime sensing of chloride using a luminescent transition metal complex. Anal. 
Chim. Acta, 364, 1-3, 143-151. ISSN 0003-2670 

Hynkova, K.; Nagata, Y.; Takagi, M. & Damborsky, J. (1999). Identification of the catalytic 
triad in the haloalkane dehalogenase from Sphingomonas paucimobilis UT26. FEBS 
Lett., 446, 1, 177-181. ISSN 0014-5793 

Chroma, L.; Mackova, M.; Kucerova, P.; Wiesche, C.I.; Burkhard, C. & Macek, T. (2002). 
Enzymes in plant metabolism of PCBs and PAHs. Acta Biotech., 22, 1-2, 35-41. ISSN 
0138-4988 

Chroma, L.; Moeder, M.; Kucerova, P.; Macek, T. & Mackova, M. (2003). Plant enzymes in 
metabolism of polychlorinated biphenyls. Fresenius Environ. Bull., 12, 3, 291-295. 
ISSN 1018-4619 

Jacobs, P.; Varlan, A. & Sansen, W. (1995). Design optimization of planar electrolytic 
conductivity sensors. Med. Biol. Eng. Comput., 33, 6, 802-810. ISSN 0140-0118 

Janssen, D.B. (2004). Evolving haloalkane dehalogenases. Curr. Opin. Chem. Biol., 8, 2, 150-
159. ISSN 1367-5931 

Janssen, D.B.; Pries, F. & Van der Ploeg, J.R. (1994). Genetics and Biochemistry of 
Dehalogenating Enzymes. Annu. Rev. Microbiol., 48, 163-191. ISSN 0066-4227 

Jesenska, A.; Pavlova, M.; Strouhal, M.; Chaloupkova, R.; Tesinska, I.; Monincova, M.; 
Prokop, Z.; Bartos, M.; Pavlik, I.; Rychlik, I.; Mobius, P.; Nagata, Y. & Damborsky, J. 
(2005). Cloning, biochemical properties, and distribution of mycobacterial 
haloalkane dehalogenases. Appl. Environ. Microbiol., 71, 11, 6736-6745. ISSN 0099-
2240 

Jeyakumar, S.; Raut, V.V. & Ramakumar, K.L. (2008). Simultaneous determination of trace 
amounts of borate, chloride and fluoride in nuclear fuels employing ion 
chromatography (IC) after their extraction by pyrohydrolysis. Talanta, 76, 5, 1246-
1251. ISSN 0039-9140 

Jiang, Q.S.; Mak, D.; Devidas, S.; Schwiebert, E.M.; Bragin, A.; Zhang, Y.L.; Skach, W.R.; 
Guggino, W.B.; Foskett, J.K. & Engelhardt, J.F. (1998). Cystic fibrosis 
transmembrane conductance regulator-associated ATP release is controlled by a 
chloride sensor. J. Cell Biol., 143, 3, 645-657. ISSN 0021-9525 

Johnson, D.E. & Enke, C.G. (1970). Bipolar Pulse Technique for Fast Conductance 
Measurements. Anal. Chem., 42, 3, 329-335. ISSN 0003-2700 

Junsomboon, J. & Jakmunee, J. (2008). Determination of chloride in admixtures and 
aggregates for cement by a simple flow injection potentiometric system. Talanta, 76, 
2, 365-368. ISSN 0039-9140 

Kmunicek, J.; Luengo, S.; Gago, F.; Ortiz, A.R.; Wade, R.C. & Damborsky, J. (2001). 
Comparative binding energy analysis of the substrate specificity of haloalkane 
dehalogenase from Xanthobacter autotrophicus GJ10. Biochemistry, 40, 30, 8905-
8917. ISSN 0006-2960 

Kucerova, P.; Mackova, M.; Polachova, L.; Burkhard, J.; Demnerova, K.; Pazlarova, J. & 
Macek, T. (1999). Correlation of PCB transformation by plant tissue cultures with 
their morphology and peroxidase activity changes. Collect. Czech. Chem. Commun., 
64, 9, 1497-1509. ISSN 0010-0765 

Kucerova, P.; Wiesche, C.I.N.; Wolter, M.; Macek, T.; Zadrazil, F. & Mackova, M. (2001). The 
ability of different plant species to remove polycyclic aromatic hydrocarbons and 

www.intechopen.com



An analytical Task: A miniaturized and Portable  
μConductometer as a Tool for Detection of Pesticides   

 

401 

polychlorinated biphenyls from incubation media. Biotechnol. Lett., 23, 16, 1355-
1359. ISSN 0141-5492 

Kumar, K.G.; John, K.S. & Indira, C.J. (2006). A chloride ion-selective potentiometric sensor 
based on a polymeric schiff base complex. Indian J. Chem. Technol., 13, 1, 13-16. ISSN 
0971-457X 

Kurzawa, L. & Morris, M.C. (2010). Cell-Cycle Markers and Biosensors. ChemBioChem, 11, 8, 
1037-1047. ISSN 1439-4227 

Lacorte, S. & Barcelo, D. (1996). Determination of parts per trillion levels of 
organophosphorus pesticides in groundwater by automated on-line liquid-solid 
extraction followed by liquid chromatography atmospheric pressure chemical 
ionization mass spectrometry using positive and negative ion modes of operation. 
Anal. Chem., 68, 15, 2464-2470. ISSN 0003-2700 

Lambropoulou, D.A. & Albanis, T.A. (2007). Methods of sample preparation for 
determination of pesticide residues in food matrices by chromatography-mass 
spectrometry-based techniques: a review. Anal. Bioanal. Chem., 389, 6, 1663-1683. 
ISSN 1618-2642 

Lee, K.; Povlich, L.K. & Kim, J. (2010). Recent advances in fluorescent and colorimetric 
conjugated polymer-based biosensors. Analyst, 135, 9, 2179-2189. ISSN 0003-2654 

Leigh, M.B.; Prouzova, P.; Mackova, M.; Macek, T.; Nagle, D.P. & Fletcher, J.S. (2006). 
Polychlorinated biphenyl (PCB)-degrading bacteria associated with trees in a PCB-
contaminated site. Appl. Environ. Microbiol., 72, 4, 2331-2342. ISSN 0099-2240 

Libertino, S.; Aiello, V.; Scandurra, A.; Renis, M.; Sinatra, F. & Lombardo, S. (2009). 
Feasibility Studies on Si-Based Biosensors. Sensors, 9, 5, 3469-3490. ISSN 1424-8220 

Martin, A. & Narayanaswamy, R. (1997). Studies on quenching of fluorescence of reagents in 
aqueous solution leading to an optical chloride-ion sensor. Sens. Actuator B-Chem., 
39, 1-3, 330-333. ISSN 0925-4005 

Mesquita, R.B.R.; Fernandes, S.M.V. & Rangel, A. (2002). Turbidimetric determination of 
chloride in different types of water using a single sequential injection analysis 
system. J. Environ. Monit., 4, 3, 458-461. ISSN 1464-0325 

Mikelova, R.; Prokop, Z.; Stejskal, K.; Adam, V.; Beklova, M.; Trnkova, L.; Kulichova, B.; 
Horna, A.; Chaloupkova, R.; Damborsky, J. & Kizek, R. (2008). Enzymatic reaction 
coupled with flow-injection analysis with charged aerosol, coulometric, or 
amperometric detection for estimation of contamination of the environment by 
pesticides. Chromatographia, 67, S47-S53. ISSN 0009-5893 

Montemor, M.F.; Alves, J.H.; Simoes, A.M.; Fernandes, J.C.S.; Lourenco, Z.; Costa, A.J.S.; 
Appleton, A.J. & Ferreira, M.G.S. (2006). Multiprobe chloride sensor for in situ 
monitoring of reinforced concrete structures. Cem. Concr. Compos., 28, 3, 233-236. 
ISSN 0958-9465 

Murthy, M.R.; Mandappa, I.M.; Latha, R.; Vinayaka, A.C.; Thakur, M.S. & Manonmani, H.K. 
(2010). An immobilized dehydrohalogenase based potentiometric biosensor for the 
detection of chlorinated pesticides. Anal. Met., 2, 9, 1355-1359. ISSN 0363-9061  

Nagata, Y.; Endo, R.; Ito, M.; Ohtsubo, Y. & Tsuda, M. (2007). Aerobic degradation of 
lindane (gamma-hexachlorocyclohexane) in bacteria and its biochemical and 
molecular basis. Appl. Microbiol. Biotechnol., 76, 4, 741-752. ISSN 0175-7598 

Nagata, Y.; Miyauchi, K.; Damborsky, J.; Manova, K.; Ansorgova, A. & Takagi, M. (1997). 
Purification and characterization of a haloalkane dehalogenase of a new substrate 

www.intechopen.com



 Pesticides - Strategies for Pesticides Analysis 

 

402 

class from a gamma-hexachlorocyclohexane-degrading bacterium, Sphingomonas 
paucimobilis UT26. Appl. Environ. Microbiol., 63, 9, 3707-3710. ISSN 0099-2240 

Nagata, Y.; Prokop, Z.; Sato, Y.; Jerabek, P.; Kumar, A.; Ohtsubo, Y.; Tsuda, M. & 
Damborsky, J. (2005). Degradation of beta-hexachlorocyclohexane by haloalkane 
dehalogenase LinB from Sphingomonas paucimobilis UT26. Appl. Environ. 
Microbiol., 71, 4, 2183-2185. ISSN 0099-2240 

Nayak, M.; Kotian, A.; Marathe, S. & Chakravortty, D. (2009). Detection of microorganisms 
using biosensors-A smarter way towards detection techniques. Biosens. Bioelectron., 
25, 4, 661-667. ISSN 0956-5663 

Ollis, D.L.; Cheah, E.; Cygler, M.; Dijkstra, B.; Frolow, F.; Franken, S.M.; Harel, M.; 
Remington, S.J.; Silman, I.; Schrag, J.; Sussman, J.L.; Verschueren, K.H.G. & 
Goldman, A. (1992). The alpha/beta-hydrolase fold. Protein Eng., 5, 3, 197-211. ISSN 
0269-2139 

Pavlova, M.; Klvana, M.; Prokop, Z.; Chaloupkova, R.; Banas, P.; Otyepka, M.; Wade, R.C.; 
Tsuda, M.; Nagata, Y. & Damborsky, J. (2009). Redesigning dehalogenase access 
tunnels as a strategy for degrading an anthropogenic substrate. Nat. Chem. Biol., 5, 
10, 727-733. ISSN 1552-4450 

Pereira, J.S.F.; Diehl, L.O.; Duarte, F.A.; Santos, M.F.P.; Guimaraes, R.C.L.; Dressler, V.L. & 
Flores, E.M.M. (2008). Chloride determination by ion chromatography in petroleum 
coke after digestion by microwave-induced combustion. J. Chromatogr. A, 1213, 2, 
249-252. ISSN 0021-9673 

Philippi, M.; dos Santos, H.S.; Martins, A.O.; Azevedo, C.M.N. & Pires, M. (2007). 
Alternative spectrophotometric method for standardization of chlorite aqueous 
solutions. Anal. Chim. Acta, 585, 2, 361-365. ISSN 0003-2670 

Pimenta, A.M.; Araujo, A.N.; Conceicao, M.; Montenegro, B.S.M.; Pasquini, C.; Rohwedder, 
J.J.R. & Raimundo, I.M. (2004). Chloride-selective membrane electrodes and 
optodes based on an indium(III) porphyrin for the determination of chloride in a 
sequential injection analysis system. J. Pharm. Biomed. Anal., 36, 1, 49-55. ISSN 0731-
7085 

Popp, P.; Keil, P.; Moder, M.; Paschke, A. & Thuss, U. (1997). Application of accelerated 
solvent extraction followed by gas chromatography, high-performance liquid 
chromatography and gas chromatography mass spectrometry for the determination 
of polycyclic aromatic hydrocarbons, chlorinated pesticides and polychlorinated 
dibenzo-p-dioxins and dibenzofurans in solid wastes. J. Chromatogr. A, 774, 1-2, 
203-211. ISSN 0021-9673 

Pries, F.; Kingma, J.; Krooshof, G.H.; Jeronimusstratingh, C.M.; Bruins, A.P. & Janssen, D.B. 
(1995). Histidine-289 is essential for hydrolysis of the alkyl-enzyme intermediate of 
haloalkane dehalogenase. J. Biol. Chem., 270, 18, 10405-10411. ISSN 0021-9258 

Pries, F.; Kingma, J.; Pentenga, M.; Vanpouderoyen, G.; Jeronimusstratingh, C.M.; Bruins, 
A.P. & Janssen, D.B. (1994a). Site-directed mutagenesis and oxygen-isotope 
incorporation studies of the nucleophilic aspartate of haloalkane dehalogenase. 
Biochemistry, 33, 5, 1242-1247. ISSN 0006-2960 

Pries, F.; Vandenwijngaard, A.J.; Bos, R.; Pentenga, M. & Janssen, D.B. (1994b). The role of 
spontaneous cap domain mutations in haloalkane dehalogenase specifity and 
evolution. J. Biol. Chem., 269, 26, 17490-17494. ISSN 0021-9258 

www.intechopen.com



An analytical Task: A miniaturized and Portable  
μConductometer as a Tool for Detection of Pesticides   

 

403 

Prokop, Z.; Monincova, M.; Chaloupkova, R.; Klvana, M.; Nagata, Y.; Janssen, D.B. & 
Damborsky, J. (2003). Catalytic mechanism of the haloalkane dehalogenase LinB 
from Sphingomonas paucimobilis UT26. J. Biol. Chem., 278, 46, 45094-45100. ISSN 
0021-9258 

Pumera, M.; Merkoci, A. & Alegret, S. (2006). New materials for electrochemical sensing VII. 
Microfluidic chip platforms. TRAC-Trends Anal. Chem., 25, 3, 219-235. ISS 0165-9936 

Ratjen, F. & Doring, G. (2003). Cystic fibrosis. Lancet, 361, 9358, 681-689. ISSN 0140-6736 
Ravelo-Perez, L.M.; Hernandez-Borges, J. & Rodriguez-Delgado, M.A. (2006). Pesticides 

analysis by liquid chromatography and capillary electrophoresis. J. Sep. Sci., 29, 17, 
2557-2577. ISSN 1615-9306 

Rodriguez-Mozaz, S.; de Alda, M.J.L. & Barcelo, D. (2007). Advantages and limitations of 
on-line solid phase extraction coupled to liquid chromatography-mass 
spectrometry technologies versus biosensors for monitoring of emerging 
contaminants in water. J. Chromatogr. A, 1152, 1-2, 97-115. ISSN 0021-9673 

Ronkainen, N.J.; Halsall, H.B. & Heineman, W.R. (2010). Electrochemical biosensors. Chem. 
Soc. Rev., 39, 5, 1747-1763. ISSN 0306-0012 

Roy, S. & Gao, Z.Q. (2009). Nanostructure-based electrical biosensors. Nano Today, 4, 4, 318-
334. ISSN 1748-0132 

Sancho, J.V.; Pozo, O.J.; Ibanez, M. & Hernandez, F. (2006). Potential of liquid 
chromatography/time-of-flight mass spectrometry for the determination of 
pesticides and transformation products in water. Anal. Bioanal. Chem., 386, 4, 987-
997. ISSN 1618-2642 

Scarano, S.; Mascini, M.; Turner, A.P.F. & Minunni, M. (2010). Surface plasmon resonance 
imaging for affinity-based biosensors. Biosens. Bioelectron., 25, 5, 957-966. ISSN 0956-
5663 

Sebkova, S. (2003). Determination of chlorides on composite silver electrodes. Chem. Listy, 
97, 4, 201-205. ISSN 0009-2770 

Sherma, J. (2007). Review of advances in the thin layer chromatography of pesticides: 2004-
2006. J. Environ. Sci. Health Part B-Pestic. Contam. Agric. Wastes, 42, 4, 429-440. ISSN 
0360-1234 

Shishkanova, T.V.; Sykora, D.; Sessler, J.L. & Kral, V. (2007). Potentiometric response and 
mechanism of anionic recognition of heterocalixarene-based ion selective 
electrodes. Anal. Chim. Acta, 587, 2, 247-253. ISSN 0003-2670 

Schanstra, J.P. & Janssen, D.B. (1996). Kinetics of halide release of haloalkane dehalogenase: 
Evidence for a slow conformational change. Biochemistry, 35, 18, 5624-5632. ISSN 
0006-2960 

Schanstra, J.P.; Kingma, J. & Janssen, D.B. (1996). Specificity and kinetics of haloalkane 
dehalogenase. J. Biol. Chem., 271, 25, 14747-14753. ISSN 0021-9258 

Sudova, R.; Pavlikova, D.; Macek, T. & Vosatka, M. (2007). The effect of EDDS chelate and 
inoculation with the arbuscular mycorrhizal fungus Glomus intraradices on the 
efficacy of lead phytoextraction by two tobacco clones. Appl. Soil Ecol., 35, 1, 163-
173. ISSN 0929-1393 

Taylor, R.H. & Grate, J.W. (1995). A flow injection analysis technique for the determination 
of chloride using reflectance detection. Talanta, 42, 2, 257-261. ISSN 0039-9140  

Trnkova, L.; Adam, V.; Hubalek, J.; Babula, P. & Kizek, R. (2008). Amperometric sensor for 
detection of chloride ions. Sensors, 8, 9, 5619-5636. ISSN 1424-8220 

www.intechopen.com



 Pesticides - Strategies for Pesticides Analysis 

 

404 

Verschueren, K.H.G.; Seljee, F.; Rozeboom, H.J.; Kalk, K.H. & Dijkstra, B.W. (1993). 
Crystallographic analysis of the catalytic mechanism of haloalkane dehalogenase. 
Nature, 363, 6431, 693-698. ISSN 0028-0836 

Vikesland, P.J. & Wigginton, K.R. (2010). Nanomaterial Enabled Biosensors for Pathogen 
Monitoring - A Review. Environ. Sci. Technol., 44, 10, 3656-3669. ISSN 0013-936X 

Villacieros, M.; Whelan, C.; Mackova, M.; Molgaard, J.; Sanchez-Contreras, M.; Lloret, J.; de 
Carcer, D.A.; Oruezabal, R.I.; Bolanos, L.; Macek, T.; Karlson, U.; Dowling, D.N.; 
Martin, M. & Rivilla, R. (2005). Polychlorinated biphenyl rhizoremediation by 
Pseudomonas fluorescens F113 derivatives, using a Sinorhizobium meliloti nod 
system to drive bph gene expression. Appl. Environ. Microbiol., 71, 5, 2687-2694. 
ISSN 0099-2240 

Wegner, P.; Kleinstauber, G.; Baum, F. & Schilling, F. (2005). Long-term investigation of the 
degree of exposure of German peregrine falcons (Falco peregrinus) to damaging 
chemicals from the environment. J. Ornithol., 146, 1, 34-54. ISSN 0040-9480  

Wu, R.H. & Shao, X.G. (2006). Application of near-infrared spectra in the determination of 
water soluble chloride ion in plant samples. Spectrosc. Spectr. Anal., 26, 4, 617-619. 
ISSN 1000-0593 

Yoo, E.H. & Lee, S.Y. (2010). Glucose Biosensors: An Overview of Use in Clinical Practice. 
Sensors, 10, 5, 4558-4576. ISSN 1424-8220 

 

 

www.intechopen.com



Pesticides - Strategies for Pesticides Analysis

Edited by Prof. Margarita Stoytcheva

ISBN 978-953-307-460-3

Hard cover, 404 pages

Publisher InTech

Published online 21, January, 2011

Published in print edition January, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book provides recent information on various analytical procedures and techniques, representing

strategies for reliability, specificity, selectivity and sensitivity improvements in pesticides analysis. The volume

covers three main topics: current trends in sample preparation, selective and sensitive chromatographic

detection and determination of pesticide residues in food and environmental samples, and the application of

biological (immunoassays-and biosensors-based) methods in pesticides analysis as an alternative to the

chromatographic methods for "in situ" and "on line" pesticides quantification. Intended as electronic edition,

providing immediate "open access" to its content, the book is easy to follow and will be of interest to

professionals involved in pesticides analysis.
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