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Research progress of electrochemical sensors for pesticide residue detection
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ABSTRACT

Pesticides have played an important role in agricultural production as an effective means of rapid and efficient control
of pests and diseases. However, their unreasonable use can lead to excessive pesticide residues in the environment and
agricultural products, posing a great threat to the ecological environment and human health. Therefore, it is necessary
to establish a new technique for pesticide residue analysis that is efficient, sensitive and practical. Electrochemical
sensors are widely used in the detection of pesticide residues due to their high sensitivity, stability, selectivity,
simplicity, fast speed and low cost. This article reviews the application and research progress of immuno, enzyme,
nano and molecularly imprinted electrochemical sensors in pesticide residue detection, and gives an outlook on the

future application of electrochemical sensors in pesticide residues detection.
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1. Introduction

Pesticides are generally immunotoxic, neurotoxic,
genotoxic and trichotoxic, etc. In order to improve
and safeguard the quality of food and the safety of
life, the sensitive detection of pesticide residues has
received more and more attention.

At present, pesticide residues are detected by
gas chromatography (GC), high performance liquid
chromatography (HPLC), chromatography/mass
spectrometry (MS), capillary electrophoresis (CE),
surface-enhanced Raman spectroscopy (SERMS),
immunoassay, and biosensors. Gas chromatography,
high performance liquid chromatography and
chromatography/mass spectrometry have high
separation efficiency and sensitivity, butthe instrument
are expensive and not easy to be miniaturized, and
the pretreatment of samples is relatively complicated
[1,2 ]; capillary electrophoresis has the advantages
of multiple separation modes, high efficiency, fast
analysis speed, and low consumption of reagents and
samples, ets , but the diameter of the capillary is small,
and the optical path is short, and the reproducibility is
poor [3]; surface-enhanced Raman Surface-enhanced
Raman spectroscopy has high sensitivity, but poor
reproducibility and stability [4].
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Immunoassay is an antibody-based technique
for qualitative and quantitative analysis of proteins
or other compounds through specific binding;
biosensors developed on the basis of this technique
have been rapidly developed in recent years with its
unique advantages - highly miniaturised, automated,
integrated, highly sensitive, highly selective, low
cost, real-time, and simple. Electrochemical sensors
have been widely used in various fields such as
biology, environment, food and so on because of
their low power consumption, high sensitivity, high
accuracy, strong anti-interference ability, wide linear
range and excellent repeatability and stability. The
article mainly reviews the application and research
progress of different types of electrochemical sensors
in pesticide residue detection, and gives an outlook
on the application of electrochemical sensors in
pesticide residue detection.

2. The principle of electrochemical sensors

As shown in Fig. 1, the basic principle
of electrochemical sensors is the process of
electrochemical signals generated by redox reactions
of electrically active analytes on the surface of
electrodes at fixed or variable voltages [5]. Molecular
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Fig. 1. The basic principle of electrochemical sensors [6].

recognition and information conversion are the
two core components of biosensors, the molecular
recognition component refers to immobilised
enzymes, nucleic acids, antibodies, tissues, cells
or microorganisms, etc., and the signal conversion
component generally consists of thermistors, field
effect tubes (FETs), electrochemical measurement
devices (ECDs), piezoelectric elements, photodiodes
and optical fibres. Electrochemical sensors, like other
biosensors, consist of both molecular recognition
and information conversion. The principle is that
biologically active materials or chemical composites
are immobilised on the surface of the electrode,
which specifically identify the analyte, and the
electrode transmits this identification information
to the information converter to form a detectable
output signal. Qualitative or quantitative analysis of
the substance to be measured, based on the amount
of change in the electrical signal before and after
recognition [6].

3. The types of electrochemical sensors and their
application in pesticide detection

Depending on the identifying substances or
modifying materials used in the detection of pesticide
residues, electrochemical sensors can be divided
into the following categories: electrochemical
immunosensors, electrochemical enzyme sensors and
other electrochemical sensors [7-12].

3.1. Electrochemical immunosensors and their
application in pesticide detection

3.1.1. Potential-based immunosensors

Potentiometric immunosensors are biosensors
based on the change of potential induced by the

specific binding of antigen and antibody. The
working principle is to make use of the characteristic
of antigen or antibody in aqueous solution that the
amphiphilic dissociation itself is electrically charged,
fix the antibody on the electrode surface, and when
the antigen (antibody) combines with it to form an
antigen-antibody complex, the original membrane
charge density will change, which will cause a change
in the membrane Donnan potential (the difference in
potential between the two-phase interfaces due to the
uneven distribution of charge and the formation of a
double layer) and the migration of ions. This causes
a change in the membrane Donnan potential (the
potential difference between the twophase interfaces
due to the uniform charge distribution and the
formation of a double layer) and ion migration, which
ultimately leads to a change in membrane potential.
The whole reaction process can be described by the
Nernst Eq. (1):

OI’EZEO—EIHCI (1)
nFlna nF

E=E°+ RT

In that equation:
E — voltage to be measured, V;
E° — standard potential difference, as a constant, V;
R — ideal gas constant, 8.314472 J/(K-mol);
T — temperature, K;
a — activity of oxidizing and reducing chemicals
(activity = concentration X activity coefficient),
mol/L;
F — Faraday's constant, 1 F is equal to 96,4853399
C/mol,
n — number of electron transfers of the reaction
formula, mol.

Potentiometric electrochemical sensors have been
applied to pesticide detection since 1996 [13]. Dzantiev
etal.[14] successfully detected dichlorophenoxyacetic
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acid (2,4-dichlorophenoxyacetic acid,
2,4-D) and trichlorophenoxyacetic acid
(2,4,5-trichlorophenoxyacetic acid, 2,4,5-T) using
potentiometric electrochemical immunosensors, in
which peroxidase-labeled pesticides and unlabeled
pesticides were competitively conjugated with
antibodies immobilized on the surface of the graphite
electrodes, which were placed in a base solution
containing aminosalicylic acid and hydrogen
peroxide for signal detection. The pesticides were
competitively bound to the antibodies immobilized
on the graphite electrode, which was then placed
in a base solution containing aminosalicylic acid
and hydrogen peroxide for signal detection. Since
the redox reaction of peroxidase leads to a change
in the reduction potential, the pesticides were
detected by measuring the peroxidase activity in
the immunocomplex, and the limits of detection
were 40 ng/mL for 2,4-D and 50 ng/mL for 2,4,5-
T. The electrode can be used for 60 consecutive
determinations. Yu Laev et al. [15] also applied the
above labeled immunocompetitive assay, and the
detection limit of simazine was 3 ng/mL, and the
service life of this sensor was 15 d. Compared with
the standard enzyme immunoassay, this sensor is
more cost-effective and less time-consuming.

3.1.2 Current type immunosensors

Current-based immunosensors are voltammetric
sensors that detect analytes by measuring electrical
currents. There are two main types of detection
methods: the former is to use enzyme-labeled
antibody, and the antibody immobilized on the
surface of the electrode combined with the antigen
to form a sandwich structure, which catalyzes the
redox reaction, resulting in a change in current; the
latter is to place the labeled antigen and the sample
in the same solution, and the immobilized electrode
surface of the antibody to compete with the binding,
resulting in a change in the current [16].The usual
linear diffusion current for planar electrodes can be
expressed by Cottrell's Eq. (2):

nFAD)*C,

id (t) = (721)1/2

)

In that equation:
ig — (t) limiting diffusion current, A;
n — number of electrons exchanged for the electrode
reaction, mol;
F — Faraday's constant, 1 F is equal to 96,485.3399
C/mol;

A — effective area of the electrode, cm?;

D, — Diffusion coefficient of the electrode reactant;
C," — body concentration of the electrode reactant,
mol/L;

t — reaction time, s — reaction time, s

From equation (2), it can be seen that the current
is directly proportional to the concentration of
the reaction substance, which is the basis for the
quantitative analysis of the polarographic method. At
the same time through this formula can be analogous
to the relationship between power and time, so as
to obtain the basis for quantitative analysis of the
chrono-electricity method.

Current-based immunosensors are versatile due to
the variety of substances they recognise and can be used
to detect pesticideresidues either directly or indirectly.
Therefore, this type of sensor has a good prospect
of application in the detection of pesticide residues.
Tran's group [17] combined hydroxylated atrazine
with  nitrogen-(6-(4-hydroxy-6-isopropylamino-1,
3, S5-triazacyclo-2-aminoalkyl) hexyl)5-hydroxy-
1,4-naphthoquinone-3-propanamide electropolymer
monomer and immobilised it on the surface of a
glassy carbon electrode, and then conjugated atrazine
monoclonal antibody to the monoclonal monomer.
The monoclonal antibody to atrazine is then bound to
the hydroxylated atrazine on the electropolymer, and
the atrazine standard is passed through the electrode.
As the atrazine binds the antibody more strongly than
the hydroxylated atrazine, the antibody is displaced
from the electrode surface, and atrazine is then
detected by square-wave voltammetry. This process
utilises the electropolymerisation of the hydroxyl
group, the transduction of the quinone group, and
the role of hydroxylated atrazine as a bioreceptor.
The detection range was from 0.1 pmol/L to 10
umol/L, and the detection limit was 1 pmol/L. In
addition, Sun et al. [18] used a novel non-labelled
current-type immunosensor to quantitatively and
ultrasensitively detect the insecticide carbafuran. The
4,4'-thiobiobenzenethiol (DM-DPSE) was combined
with deposited gold nano-crystals (DpAc), which
were used for the determination of the insecticide
carbafuran, and the DpAc was used for the detection
of the insecticide. DpAu) and gold nano crystals
(DpAu) were modified onto the surface of the gold
electrode by layer-by-layer assembly to forma {DpAu
/DMDPSE}n/Au — modified electrode, and then the
carbachol antibody was adsorbed onto the surface of
the electrode by physical adsorption method for the
detection of carbachol antibody. Under the optimal
conditions, the detection range of carbafuran was 0.1-
1.0x10° ng/mL, and the limit of detection was 0.06



220 Y. Bakytkarim et al. / TOPEHUE U IINTABMOXNMMUA 21 (2023) 217-226

ng/mL. The recoveries of carbafuran in a series of real
samples, such as lettuce and Chinese cabbage, ranged
from 82.0% to 109.2%, and the standard deviations
ranged from 3.15% to 5.23%, which demonstrated
that the method is feasible for quantitative analysis
of carbafuran and that the method has a wide range
of detection capabilities, and is also suitable for
quantitative analysis of carbafuran in a wide range
of samples.This method has the advantages of wide
detection range, good reproducibility and stability.

3.1.3 Impedance Immunosensor

Impedance, resistance, conductivity and
capacitance are different detection systems, but
they are closely related to each other. Some
researchers [7] also refer to impedance sensors
as  conductance/resistance/capacitance  sensors.
Impedance immunosensors measure changes in the
overall electric field, including the conductivity of
the electrolyte and the interaction of antigens and
antibodies on the electrode surface. Electrochemical
impedance spectroscopy is a sensitive technique that
uses periodic small amplitude alternating current
(AC) signals to measure the electrical response of a
system [7].

In recent years, electrochemical impedance
has also been reported in the detection of pesticide
residues. Ramon-Azcon et al. [19] applied a
fork-finger array electrode to an impedance-type
immunosensor and detected atrazine non-labelled
with a limit of detection of 0.04 ug/L, which is much
smaller compared to that of solid-state extraction; and
Valera et al. [20] detected the herbicide atrazine in red
wine by a conductivity-type immunosensor. Valera
et al. [20] used a conductivity-based immunosensor
to detect the herbicide atrazine in red wine. The
lowest detection limits for gold nanoparticle-labelled
antibodies were 0.034 ug/L (25 mV) and 0.489 ng/L
(100 mV) at forked finger array electrodes at different
potentials, and Ionescu et al [21]. Modified a layer of
polypyrrole on the surface of a gold electrode, and
after protein anchoring and binding of the antibody,
an 1impedance immunosensor directly detected
atrazine in the range of 10 pg/mL to 1 pg/mL. The
detection range was from 10 pg/mL to 1 ug/mL, and
the detection limit was 10 pg/mL, which highlights
the high sensitivity of the impedance sensor. Jin et
al. [22] used the furaltadone (5-morpholino-3-amino-
2-oxazo-lidone) as a detection method for atrazine,
and the detection limit was 10 pg/mL. Jin et al [22].
Immobilized the monoclonal antibody of furazolidone
(5-morpholino-3-amino-2-oxazo-lidone  (AMOZ))

on the surface of gold electrode modified with gold
nanoparticles using dimercaptothiol as a connecting
layer, and detected furazolidone by an unlabelled
impedance immunosensor, with the detection limit of
1.0 ng/mL, and the detection limit of 1.0 ng/mL in
pig meat, shrimp, and pig intestine coat. The limits of
detection were 1.0 ng/mL, and the recoveries ranged
from 91.4% to 105.0% in six foodstuffs, including
pork, shrimp, pig intestines, honey, egg and muscle.

3.2. Electrochemical enzyme sensors and their
application in pesticide detection

The electrochemical enzyme sensors can also
be classified into potentiometric and galvanometric
types. Since there are comparatively few reports
about potentiometric enzyme sensors in pesticide
detection in recent years, the article mainly reviews
the application of two galvanometric enzyme sensors,
namely, dual enzyme-modified and single enzyme-
modified ones, in pesticide detection.

3.2.1 Dual
enzyme sensors

Acetylcholine esterase (AChE)-choline oxidase
(ChO) dual enzyme sensor: The enzyme reaction
process of AChE-ChO dual enzyme sensor is shown
in Egs. (3-4) [7], which includes two processes, the
decomposition of acetylcholine by AChE and the
oxidation of choline by ChO.

enzyme-modified electrochemical

Acetylcholine + H,0—"“— Choline + Acetic acid 3)
Choline + 0, —%%— betaine aldehyde + H,0, 4

Lee et al. fixed ChO on the surface of gold
electrode through the electrostatic effect of polylysine
and the cross — linking effect of glutaraldehyde, and
then combined AChE with different concentrations
of diazinon-oxon (DZN) pesticide to inhibit AChE,
and then fixed it on the surface of the electrode
modified with ChO, and then put it in a phosphate
buffer containing a certain amount of ferrocene
and acetylcholine to carry on the electrochemical
detection, which demonstrated that the measured
electrical signals and the concentration of DZN
showed a linear relationship with the linear range of
0-8 umol/L [23]. The result of this study shows that
the measured electrical signal and the concentration
of DZN are in the same range as those of DZN, and
the linear range is 0-8 umol/L.

Organophosphorus hydrolase (OPH)-horseradish
peroxidase (HRP) dual enzyme sensor: Unlike the
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above dual enzyme system, the phenolic compounds
produced after the hydrolysis of organophosphorus
pesticides by OPH are used as an effective intermediary
for electron transfer, shuttling between the electrode
surface and the HRP, while the pesticide itself does
not have any inhibitory effect on the OPH, and the
electrical signals are different in the concentration
of this intermediary, which enables the detection of
pesticide residues accordingly.

Equations (5) to (7) are the reaction equations
of OPH and HRP in the electrolysis process [24].
Among them, AH2 is the intermediary of electron
transfer, which is the product of OPH after hydrolysis
of pesticides.

HRP+ H,0, —"— Compound I + H,0, )

Compound I + AH, —*2— Compound II + AH * ©)

Compound Il + AH,—— HRP+ AH *+H,0,  (7)

In order to extend the detection range of
organophosphorus compounds, Sahin et al. used the
OPH-HRP dual enzyme system for the determination
of organophosphorus pesticides at low potential using
the above principle. The limit of detection (LOD) and
sensitivity (S/N=0.09540.024) were 24 pmol/L and
(0.095+0.024) nA/ uM, respectively.

3.2.2 Monoenzyme - modified electrochemical
sensors

The main enzymes immobilised on the surface
of electrochemical sensors to detect pesticides are:
acetylcholinesterase, alkaline phosphatase, acid
phosphatase, tyrosinase,organophosphorushydrolase,
aldehyde dehydrogenase. Other enzymes include
acetolactate synthase, glutathione S-transferase,
ethanol dehydrogenase, carboxylesterase, etc. [24-25].
However, acetylcholinesterase, phosphohydrolase,
tyrosinase, and tyrosinase are the most frequently
used enzymes.

Cesarino et al. [26] mixed carbon nanotubes with
polyaniline and modified a glassy carbon electrode,
and then immobilised acetylcholinesterase on the
surface of the electrode, and utilised carbon nanotubes
to promote the electron transfer reaction and the high
conductivity and stability of the electropolymer as
well as the synergistic effect between the two to detect
carbamate pesticides with a high degree of sensitivity.
The detection limits of carbaryl and methomyl
were 1.4 and 0.95 pmol/L, respectively, which

demonstrated the advantages of this kind of sensor.
Mulchandani et al. [27] reviewed the electrochemical
sensors based on organophosphorus hydrolases. In
recent years, Lee et al. [28] used phosphate hydrolase
to catalyse the decomposition of organophosphorus
and produce electroactive substances that can
undergo redox reactions on the electrode surface,
and fixed carbon nanotubes on the electrode surface
to detect organophosphorus pesticides directly. The
results showed that the detection limit and sensitivity
of this method were 0.12 pmol/L and 198 nA/uM for
paraoxon, respectively.

Tyrosinase can catalyse the oxidation of
phenolic substances in the presence of oxygen
to produce o-quinone, and o-quinone can be
reduced at a lower potential without the aid of any
medium, so it can be quantitatively detected by
detecting the changes in the amount of o-quinone
reduced before and after the addition of pesticides.
Liu et al. [29] fixed the tyrosinase and platinum
nanoparticles on the surface of the glassy carbon
electrode, and detected three kinds of pesticides,
chlorpyrifos, bromopropylphos and marathon, with
the use of o-quinone as a substrate. The detection
limits were 0.2, 0.8 and 3.0 pg/L for chlorpyrifos,
bromopropylphos and malathion, respectively. The
sensitivity, reproducibility and stability of these
sensors have been well demonstrated. Recently,
researchers [30] investigated a new enzyme sensor,
in which laccase was immobilised on the electrode
surface by a new matrix-montmorillonite-supported
ionic liquid phase (platinum nanoparticles and boron
ethyl-3-methylimidazolium tetrafluoroborate ionic
liquid phase), and the detection of mitochondria
was based on the pesticide inhibition of the enzyme,
and the limit of detection was obtained to be 2.35
x107 mol/l, which was detected in the real samples,
with results validated by high performance liquid
chromatography, the results were verified by high
performance liquid chromatography (HPLC), which
fully demonstrated the advantages of the enzyme
Sensor.

Compared with other electrochemical sensors, the
sensitivity of electrochemical enzyme sensors in the
detection of pesticides is relatively insufficient, and
the substances that can inhibit the enzyme activity
may also be other metal cations, organic or inorganic
substances, and many pesticides on the enzyme
inhibition is irreversible, which leads to enzyme-
modified electrodes for the detection of a sample of
the specificity is not strong, and the need to be re-
modified every time the detection of a sample, thus
increasing the time of detection.
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Other electrochemical sensors and their application
in pesticide detection.

4.1 Nanomaterial based electrochemical sensors

Nanomaterials with strong adsorption capacity,
high catalytic efficiency, large specific surface area,
increased active sites due to incomplete coordination
of surface atoms, high surface activity, and labelling
of specific biomolecules have been widely used for
amplification of biosensor signals.

Therefore, as shown in the Fig. 2, in recent years,
it has been widely used in electrochemical sensors
and electrochemical biosensor, for the detection
of pesticides, which has greatly improved the
sensitivity, stability, selectivity and reproducibility
of the sensor.

Mani - sankar's group [32] used the functional
groups on the surface of the electropolymer
polyaniline and polypyrrole, which  were
immobilised on the surface of a glassy carbon
electrode with multi-walled carbon nanotubes,
and then immobilised the electropolymers under
electrodeposition to detect some commonly used
pesticides with the use of functional groups on the
surface of the electropolymer and the electrocatalytic
properties of the carbon nanotubes. The test
showed that the most effective electropolymer was
polyaniline, and the detection range of isoproturon
and cypermethrin pesticides was 0.01-10 mg/L, with
detection limits of 0.1 and 0.05 pg/L, respectively.
Carbon nanotubes, with their unique properties,
have gradually become one of the commonly used
nanomaterials in electrochemical sensors. Parham et
al. [33] directly immobilised zirconia nanomaterials
on carbon paste electrodes and used zirconia's strong
affinity for the phosphate group in methyl parathion
for the detection of methyl parathion pesticides.
The detection limit of this sensor was 2.0 ng/mL
by using square wave voltammetry. Compared with
them, Gong et al. [34], in order to further improve
the sensitivity of pesticide detection, used zirconia
and grapheme nanosheets modified glassy carbon
electrode for the detection of methyl parathion, with
the lowest detection limit of 0.6 ng/mL, and the spiked
recoveries of 96.5%~104.4%, which proved that this
kind of sensor not only has a very good practicability
but also shows that zirconia nanoparticles have a
special affinity for methyl parathion. The test results
not only proved the practicality of this sensor, but
also showed that zirconia nanoparticles have special
affinity for methyl parathion. However, since there
are many types of organophosphorus pesticides,
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Fig. 2. Nanomaterial - based electrochemical sensors and
electrochemical biosensor [10].

this type of sensor cannot accurately determine the
different types of organophosphorus pesticides.

4.2 Molecularly imprinted electrochemical sensor

A commonly used method for the detection of
pesticide residues is the molecularly imprinted
electrochemical sensor. The detection method mainly
uses the template molecules and the special bonding
of the imprinted material, such as gel - sol mixed with
the analyte, fixed on the electrode surface to form a
molecular film, and then the analyte will be eluted,
the analyte on the electrode to leave the vacancies
that is molecularly imprinted, and then use these
molecularly imprinted by electrochemical detection
method of this analyte for highly sensitive, highly
selective detection. In as early as 1999, Kroger et
al. [35] proposed a fast and simple method for the
detection of herbicides - molecularly imprinted
method. Two different compounds, dichlorophenol
and dihydroxyphenylacetic acid, were immobilised
on a disposable printing electrode by a molecularly
imprinted polymer as templates, and the binding
ability of the analyte, dichlorophenol, and the
electrically active probe, dihydroxyphenylacetic
acid, to the imprinted polymer was determined
after elution. This molecularly imprinted method
was found to be selective, stable and reproducible,
economical and short in detection time by differential
pulse voltammetry. Zhang et al. [36] applied the
molecularly imprinted method to detect parathion
pesticide, and the results showed that the detection
range of the pesticide was 1.0x10 ~ 5.0x107 mol/I,
the limit of detection was 2.0x107 mol/l, and the
recoveries of the actual samples were 98.0% ~ 104%,
which proved the high selectivity and sensitivity of
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this type of sensor. Yang et al. [37] detected parathion
in vegetables by applying molecularly imprinted
films of polyethyleneimine combined with silica gel,
which also showed high selectivity. In addition to the
above pesticides, the molecularly imprinted method
has also been applied to the detection of atrazine
[38], trichlorfon [39], and carbendazim [40].

5. Conclusion

Electrochemical sensors are widely used in
pesticide residue detection due to their convenience,
high sensitivity, low cost and practicality. In order to
meet the needs of practical detection, electrochemical
sensors are also developing rapidly. According to the
current research status and practical development,
electrochemical sensors in pesticide detection can be
developed in the following aspects.

1) At present, the pesticides detected by
electrochemical sensorsaremainly organophosphorus,
organochlorine and carbamate, while the research
on organonitrogen, organometallic and pyrethroid
pesticides is relatively small, and the expansion of
pesticide detection is still one of the main directions
for the development of electrochemical sensors.

2) Developing technologies that combine
electrochemical sensors with other detection methods,
such as surface plasmon resonance, can effectively
expand their detection range and accuracy;

3) Development of more economical, simple and
different types of electrodes, such as different types of
screen-printed electrodes. The automation of multi-
sample and multi-component detection will become
a new trend in the application of electrochemical
sensors. With the diversified development of
electrochemical sensors and the maturity of new
technologies, we believe that there is a broad prospect
for the future application of pesticide detection.

Acknowledgment

This study was funded by the Scientific Committee
of the Ministry of Science and Higher Education
of the Republic of Kazakhstan (AP19676917
"Preparation of sensor by electrochemical methods
for the determination of pesticides").

References

[1]. Xu D.M., Yang F., Lu Sh.Y. Determination
of indoxacarb residue in foodstuffs of plant
and animal origin by GC-ECD and LC-MS/
MS // Agricultural Sciences in China. — 2008. —
Vol.7(10). — P.1228-1234.

[2].

[6].

[12].

. Viswanathan S.,

Lesueur C., Knittl P., Gartner M. Analysis of 140
pesticides from conventional farming foodstuff
samples after extraction with the modified
QuECheRS method // Food Control. — 2008.—
Vol.19(9). — P. 906-914.

. Qu Y.H. Research on Rapid Detection Methods

and Instruments for Pesticide Residues //
Shanghai, East China Normal University — 2010.

. Ouyang S.Y.,Ye B., Liu Y.D. Progress of surface-

enhanced Raman spectroscopy in the detection of
pesticide residues // Food and Machinery. — 2013.
—Vol. 29 (1). — P. 243-245

Radecka H., Radecki .
Electrochemical biosensors for food analysis //
Monatshefte fiir Chemie-Chemical Monthly. —
2009 . — Vol. 140 (8). — P. 891-899.

Xia J.P., Research on electrochemical biosensors
based on conductive polymers and nucleic acid
aptamers. Qingdao: Qingdao University of
Science and Technology. — 2009.

. Jiang X. S., Li D.Y., Xu X. Immunosensors for

detection of pesticide residues / Biosensors and
Bioelectronics. — 2008. — Vol. 23(11). — P. 1577-
1587

. Ju H.X., Zhang X.J., Wang J., Nano biosensing

[M]. Nanjing, Nanjing University. — 2011.

. Zhao G.C., Xu Y.Q. Construction of an

electrochemical platform for selective response to
parathion pesticide based on molecular imprinting
technology // Journal of Anhui Normal University
(Natural Science Edition). — 2010. — V. 33 (3). —
P. 250-254.

.Pramod K. K., Julaluk N., Nadnudda R., Nutcha L.,

Pannawich T., Theerasak Rojanarata., Mohammed
H., Huang Y.H., Wanida L. Nanomaterials-based
electrochemical sensors and biosensors for the
detection of non-steroidal anti-inflammatory
drugs // TrAC Trends in Analytical Chemistry.—
2021. - Vol.143. — P. 116403.

.Li ZM., Zhong Z.H., Lian R.P., Qiu J.D. The

colorimetric assay of DNA methyltransferase
activity based on strand displacement amplification
// Sensors and Actuators B: Chemical.— 2017. —
Vol. 238. — P. 626-632.

Chi B.Z., Liang R.P., Qiu W.B., YuanY.H., Qiu
J.D. Direct fluorescence detection of microRNA
based on enzymatically engineered primer
extension poly-thymine (EPEPT) reaction using
copper nanoparticles as nano-dye // Biosensors
and Bioelectronics. — 2017. — Vol. 87(15). — P.
216-221.

. Diehl-faxon J., Ghindilis A.L., Atanasov P., Direct

electron transfer based tri-enzyme electrode for
monitoring of organophosphorus pesticides //
Sensors and Actuators B: Chemical. — 1996. —
Vol. 36 (1-3). — P. 448-457.

.Dzantiev B.B., Zherdev A V., Yulaev M.F.,

Electrochemical immunosensors for determination
of the pesticides 2, 4-dichloro - phenoxyacetic and



224 Y. Bakytkarim et al. / TOPEHUE U IINTABMOXNMMUA 21 (2023) 217-226

2,4,5-tricholorophenoxyacetic acids // Biosensors
and Bioelectronics. — 1996 .— Vol. 11 (1~2). — P.
179-185.

[15]. Yulaev M. F., Sitdikov R. A., Dmitrieva N. M.
Development of a potentiometric immunosensor
for herbicide simazine and its application for food
testing // Sensors and Actuators B: Chemical. —
2001.-Vol. 75 (1-2). — P. 129-135.

[16].Liu J.Ch., Jiang T. M., Chen L.J., Research
progress of electrochemical immunosensors in
food safety detection // China Food Additives. —
2011.-Vol. (1). — P. 216-222.

[17]. Tran H.V., Youg N. R., Reisberg S. A label-free
electrochemical immunosensor for direct, signal
on and sensitive pesticide detection //. Biosensors
and Bioelectronics. — 2012 .—Vol. 31 (1).— P. 62-
68.

[18].Sun X., Zhu Y., Wang X.Y., Amperometric
immunosensor based on deposited gold
nanocrystals/4,4'-thiobis-benzenethiol for
determination of carbofuran // Food Control. —
2012 —Vol. 28 (1). P. 184-191.

[19]. Ramo6n-azcon J., Valera E., Rodriguezodriguez
A. An impedimetric immunosensor based on
interdigitated microelectrodes (IDUE) for the
determination of atrazine residues in food samples
// Biosensors and Bioelectronics. — 2008.—Vol .23
(19). —P. 1367 - 1373.

[20]. Valera E., Ramoén-azcén J., Barranco A.
Determination of atrazine residues in red wine
samples // Food Chemistry. — 2010. — Vol. 12
(23). P. 888 - 894.

[21].Ionescu R. E., Gondran C., Bouffier L. Label-
free impedimetric immunosensor for sensitive
detection of atrazine // Electrochimica Acta. —
2010. — Vol. 55 (21). P. 6228 - 6232.

[22].Jin W.J., Yang G.J., Wu L.P. Detecting
5-morpholino-3-amino-2-oxazolidone residue
in food with label-free electrochemical
impediometric immunosensor // Food Control. —
2011.-Vol. 22 (10). — P. 1609 — 1616.

[23].Lee J. H., Han Y. D., Song, S. Y. Biosensor
for organophosphorus pesticides based on the
acetylcholine esterase inhibition mediated by
choline oxidase bioelectrocatalysis // BioChip
Journal. — 2010.—Vol. 4 (3). — P. 223-229.

[24]. Van Dyk J.S., Pletschke B. Review on the use
of enzymes for the detection of organochlorine,
organophosphate and carbamate pesticides in the
environment // Chemosphere — 2011. — Vol. 82
(3). — P. 291-307.

[25]. Sahin A., Dooley K., Cropek D. M. A dual
enzyme electrochemical assay for the detection
of  organophosphorus  compounds  using
organophosphorus hydrolase and horseradish
peroxidase // Sensors and Actuators B: Chemical.
—2011.—Vol. 158 (1). — P. 353-360.

[26].Ivana C., Fernando C.M., Marcos R.V.L.
Electrochemical detection of carbamate pesticides

in fruit and vegetables with a biosensor based on
acetylcho linesterase immobilized on a composite
of polyaniline - carbon nanotubes // Food
Chemistry. —2012.—Vol.135(3). — P .873-879.

[27]. Mulchandani A., Chen W., Mulchandani
P. Biosensors for direct determination of
organophosphate pesticides. — 2001.—Vol. 163 (4-
5).—P 225-230.

[28].Lee J. H., Park JY., Min K. A novel
organophosphorus  hydrolase-based biosensor
using mesoporous carbons and carbon black for
the detection of organophosphate nerve agents //
Biosensors and Bioelectronics. — 2010.—Vol. 25
(7). — P. 1566 -1570.

[29].Liu T., Xu M., Yin H.Sh., A glassy carbon
electrode modified with graphene and tyrosinase
immobilized on platinum nanoparticles for sensing
organophosphorus pesticides //. Microchimica
Acta. —2011.— Vol. 175 (1-2). — P. 129-135.

[30]. Zapp E., Brondani D., Vieira I. C. Biomonitoring
of methomyl pesticide by laccase inhibition on
sensor containing platinum nanoparticles in ionic
liquid phase supported in montmoril lonite //
Sensors and Actuators B: Chemical. —2011.—Vol.
155 (1). —P. 331 - 339.

[31].Du P. Application of nanomaterials in
electrochemical biosensors. Qingdao, Qingdao
University of Science and Technology. — 2009.

[32]. Manisankar P., Sundari P.L., Sasikumar R.
Electroanalysis of some common pesticides
using conducting polymer/multiwalled carbon
nanotubes modified glassy carbon electrode //
Talanta. — 2008.— Vol. 76 (5) . — P. 1022~1028.

[33]. Parham H., Rahbar N. Square wave voltammetric
determination of methyl parathion using ZrO2-
nanoparti cles modified carbon paste electrode //
Journal of Hazardous Materials. —2010.— Vol. 1-3
(177). —P. 1077 - 1084.

[34]. Gong J.M., Miao X.J., Wan H.F. Facile synthesis
of zirconia nanoparticles-decorated graphene
hybrid nanosheets for an enzymeless methyl
parathion sensor // Sensors and Actuators B:
Chemical. —2012. — Vol. 162 (1). — P. 341-347.

[35]. Kroger S., Turner A. P., Mosbach K. Imprinted
polymerbased sensor system for herbicides using
differential pulse voltammetry on screen-printed
electrodes // Anal Chem. — 1999. — Vol. 71 (17).
—P. 3698 - 3702

[36]. Zhang, Y.; Kang, T.F.; Lu, L.P.; Preparation and
characterization of parathion sensor based on
molecularly imprinted polymer // Huan Jing Ke
Xue. —2008. — Vol. 29. — Ne 4. — P. 1072-1076.

[37]. Yang Q.Y., Sun Q., Zhou T.S. Determination
of parathion in vegetables by electrochemical
sensor based on molecularly imprinted
polyethyleneimine/silica gel films // J. Agric.
Food Chem. — 2009. — Vol. 57 (15). — P. 6558 -
6563.

[38]. Pardieu E., Cheap H., Vedrine C. Molecularly



Y. Bakytkarim et al. / TOPEHUE U IINTASMOXNMMUA 21 (2023) 217-226 225

imprinted conducting polymer based
electrochemical sensor for detection of atrazine //
Anal Chim Acta. — 2009. — Vol. 649(2). — P. 236
-245.

[39]. Gao W.Q., Wan F.W., Ni W. Electrochemical
sensor for detection of trichlorfon based on
molecularly imprinted sol-gel films modified
glassy carbon electrode // Journal of Inorganic and
Organometallic Polymers and Materials. —2011. —
Vol. 22 (1) - P. 37-41.

[40]. Pan M. F., Fang G. Z., Liu B. Novel amperometric
sensor using metolcarb-imprinted film as the
recognition element on a gold electrode and its
application // Anal Chim Acta. — 2011.-Vol.
690(2). — P. 175-181.

References

[1]. Xu DM, Yang F, Lu ShY (2008) Agricultural
Sciences in China 7(10):1228. https://doi.
org/10.1016/S1671-2927(08)60169-8

[2]. Lesueur C, Knittl P, Gartner M (2008) Food
Control 19(9):906-914. https://doi.org/10.1016/j.
foodcont.2007.09.002

[3]. Qu YH (2010) Research on Rapid Detection
Methods and Instruments for Pesticide Residues.
East China Normal University (Shanghai).

[4]. Ouyang SY, Ye B, Liu YD (2013) Food and
Machinery 29(1):243-245.

[5]. Viswanathan S, Radecka H, Radecki J (2009)
Monatsh  Chem  140:891-899.  https://doi.
org/10.1007/s00706-009-0143-5

[6]. Xia JP (2009) Qingdao University of Science and
Technology (Qingdao).

[7]. Jiang XS, Li DY, Xu X (2008) Biosensors and
Bioelectronics  23(11):1577-1587.  https://doi.
org/10.1016/j.bi0s.2008.01.035

[8]. JuHX, Zhang XJ, Wang J (2011) Nano biosensing.
Nanjing, Nanjing University.

[9]. Zhao GC, Xu YQ (2010) Journal of Anhui Normal
University (Natural Science Edition) 33(3):250-
254,

[10]. Pramod KK, Julaluk N, Nadnudda R, Nutcha L,
Pannawich T, Theerasak R, Mohammed H, Huang
YH, Wanida L (2021) TrAC Trends in Analytical
Chemistry 143:116403. https://doi.org/10.1016/j.
trac.2021.116403

[11]. LiZM, Zhong ZH, Lian RP, Qiu JD (2017) Sensors
and Actuators B: Chemical 238:626-632. https://
doi.org/10.1016/j.snb.2016.07.087

[12]. Chi BZ, Liang RP, Qiu WB, YuanYH, Qiu JD
(2017) Biosensors and Bioelectronics 87(15):216-
221. https://doi.org/10.1016/j.bi0s.2016.08.042

[13].(13). Diehl-Faxon J, Ghindilis AL, Atanasov
P (1996) Sensors and Actuators B: Chemical
36(1-3):448-457. https://doi.org/10.1016/S0925-
4005(97)80112-8

[14]. Dzantiev BB, Zherdev AV, Yulaev MF (1996)
Biosensors and Bioelectronics 11(1-2):179-185.

https://doi.org/10.1016/0956-5663(96)83725-0

[15]. Yulaev MF, Sitdikov RA, Dmitrieva NM (2001)
Sensors and Actuators B: Chemical 75(1-2):129-
135.

[16]. Liu JCh, Jiang TM, Chen LJ (2011) China Food
Additives 1:216-222.

[17]. Tran HV, Youg NR, Reisberg S (2012)
Biosensorsand  Bioelectronics  31(1):62-68.
https://doi.org/10.1016/j.bi0s.2011.09.035

[18]. Sun X, Zhu Y, Wang XY (2012) Food Control
28(1):184-191. https://doi.org/10.1016/j.
foodcont.2012.04.027

[19]. Ramoén-azcon J, Valera E, Rodriguezodriguez
A (2008) Biosensors and Bioelectronics
23(19):1367-1373. https://doi.org/10.1016/;.
bi10s.2007.12.010

[20]. Valera E, Ramon-azcén J, Barranco A (2010)
Food Chemistry 12(23):888-894. https://doi.
org/10.1016/j.foodchem.2010.03.030

[21].Ionescu RE, Gondran C, Bouffie L (2010)
Electrochimica Acta 55 (21):6228-6232. https://
doi.org/10.1016/j.electacta.2009.11.029

[22]. Jin W], Yang GJ, Wu LP (2011) Food Control
22(10):1609-1616. https://doi.org/10.1016/;.
foodcont.2011.03.017

[23]. Lee JH, Han YD, Song SY (2010) BioChip Journal
4(3):223-229. https://doi.org/10.1007/s13206-
010-4310-x

[24]. Van Dyk JS, Pletschke B (2011) Chemosphere
82(3):291-307. https://doi.org/10.1016/;.
chemosphere.2010.10.033

[25]. Sahin A, Dooley K, Cropek DM. (2011) Sensors
and Actuators B: Chemical 158(1):353-360.
https://doi.org/10.1016/j.snb.2011.06.034

[26].Ivana C, Fernando CM, Marcos RVL (2012)
Food Chemistry 135(3):873-879. https://doi.
org/10.1016/j.foodchem.2012.04.147

[27]. Mulchandani A, Chen W, Mulchandani P.
(2001) Biosensors for direct determination of
organophosphate pesticides 163(4-5):225-230.
https://doi.org/10.1016/S0956-5663(01)00126-9

[28]. Lee JH, Park JY, Min K. (2010) Biosensors and
Bioelectronics  25(7):1566-1570.  https://doi.
org/10.1016/j.b10s.2009.10.013

[29].Liu T, Xu M, Yin HSh. (2011) Microchimica
Acta 175(1-2):129-135. https://doi.org/10.1007/
s00604-011-0665-5

[30]. Zapp E, Brondani D, Vieira IC (2011) Sensors and
Actuators B: Chemical 155(1):331-339. https://
doi.org/10.1016/j.snb.2011.04.015

[31].Du P. (2009) Application of nanomaterials in
electrochemical biosensors. Qingdao University
of Science and Technology. (Qingdao)

[32]. Manisankar P, Sundari PL, Sasikumar R
(2008) Talanta 76(5):1022-1028. https://doi.
org/10.1016/j.talanta.2008.04.056

[33]. Parham H, Rahbar N (2010) Journal of Hazardous
Materials 1-3(177):1077-1084. https://doi.
org/10.1016/j.jhazmat.2010.01.031



226 Y. Bakytkarim et al. / TOPEHUE U IINTABMOXNMMUA 21 (2023) 217-226

[34]. Gong JM, Miao XJ, Wan HF (2012) Sensors and
Actuators B: Chemical 162(1):341-347. https://
doi.org/10.1016/j.snb.2011.12.094

[35]. Kroger S, Turner AP, Mosbach K (1999) Anal
Chem 71(17):3698-3702. https://doi.org/10.1021/
ac9811827

[36]. Zhang Y, Kang TF, Lu LP (2008) Huan Jing Ke
Xue. 29:1072-1076.

[37]. Yang QY, Sun Q, Zhou TS (2009) J. Agric. Food
Chem. 57(15):6558-6563. https://doi.org/10.1021/
j901286¢

[38]. Pardieu E, Cheap H, Vedrine C (2009) Anal Chim
Acta. 649(2):236-245. https://doi.org/10.1016/].
aca.2009.07.029

[39]. Gao WQ, Wan FW, Ni W (2011) Journal of
Inorganic and Organometallic Polymers and
Materials 22(1):37-41. https://doi.org/10.1007/
$10904-011-9593-4

[40]. Pan MF, Fang GZ, Liu B (2011) Anal Chim
Acta 690(2):175-181. https://doi.org/10.1016/].
aca.2011.02.034Pan MF, Fang GZ, Liu B (2011)
Anal Chim Acta 690(2): 175-181.

JlocTHiakeHUs: B 00JACTH 3JIeKTPOXHMHMYECKUX
CEHCOPOB VIS OOHAPY:KeHUSI OCTATOYHBIX KOJIM-
YeCcTB MeCTHIHAOB

bl. Bakbirkapum'”, XK.C. Mykaraesa!, H.A. Illagun'
E. Tuneybepan'?, JI.A. Xycymoga!,
JK.M. Acupbaesa!

'KazaxcTaHCKHUA HAIIMOHANBHBIN [EIarOTHYCCKUN YHU-
BepcuteT uM. AGas, Anmatel, Kazaxcran
MucTuryT npobiaem ropenus, Aiamarsl, Kazaxcran

AHHOTAIUS

IlecTuunapl UrparOT BaXKHYI pOJIb B CEJIBCKO-
XO3SIICTBEHHOM IIPOU3BOJACTBE Kak 3(ddexTuBHOE
CPEICTBO OBICTPOW M JeHCTBEHHOH OOpHOBI C Bpe-
quTensiMu 1 Oone3HssMu. OJIHAKO MX HENpaBUIBHOE
IIPUMEHEHHE MOJKET MPHUBECTU K U30BITOYHOMY CO-
JIEPKAHUIO OCTaTKOB MECTHLHIOB B OKpPY’Karollei
cpelie U CEIbCKOXO3SMCTBEHHOW NPOLYKLIHH, YTO
MpeAcTaBigeT OOJBIIYI0O Yrpo3y HKOJIOTHYECKOH
o0cTaHOBKE U 310pOBEIO miofeit. [loaToMy HE0OX0-
JUMO CO3JaTh HOBYIO METOJMKY aHalli3a OCTaTKOB
NECTHLIHIOB, KOTOpas Obia Obl A3PHEKTUBHOMN, TyB-
CTBUTEIIFHOM M TMPaKTUYHOW. DIEKTPOXUMHUYECKHE
CEHCOpBl IIMPOKO HCIHOJIB3YIOTCS sl OOHapyske-
HHUSl OCTaTKOB MECTHLUMIOB Oyiarofapsi MX BBICOKOU
YyBCTBUTEJIBHOCTH, CTa0MIBHOCTH, CEJIEKTUBHOCTH,
MPOCTOTE, OBICTPOACHCTBUIO U HU3KOW CTOMMOCTH.

B nanHOM crathe paccmaTpuBaeTcs NPUMEHEHUE U
X0J] UCCIIEAOBAaHUI UIMMYHHBIX, (DEpPMEHTHBIX, HAHO-
A MOJEKYJISIPHO-UMIPUHTUPOBAHHBIX 3JIEKTPOXHU-
MHYECKHX CEHCOPOB JJsi OOHAapyKEHUS OCTaTKOB
[IECTULIMJIOB, a TAK)Ke JAaeTcsl IPOTHO3 Ha Oynylee
[IPUMEHEHHUE JEKTPOXUMUYECKUX CEHCOPOB AJIs 00-
Hapy»KEHUsSI OCTATKOB IIECTULIUIOB.

Kniouegvie cnosa: 31MEKTPOXUMUYECKUH CEHCOD,
OCTaTKM MECTULUUIOB, NIPONYKTHI MUTAHUS, UMMYH-
HBIA CEHCOP, 0OHAPYKEHHUS.

HecTunmuarepain KaJAbIKTAPbIH aHBLIKTAYIAFbl
JIEKTPOXUMUSUIBIK CEHCOPJIapAbI 3epTTey 0apbl-
CBI

bI. Baksrtkapim!'*, J)K.C. Mykaraesa!, E. Tineybepmi'?,
JI.O. XKycinosa', H.A. lllaguu', )K.M. Acupbaesa'

'AGait aTeraarel Ka3ak YATTBIK MeAaroruKaiblk YHUBEP-
cuteTi, AnMmatel, Kazakctan
YKany npobieManapsl HHCTUTYTHI, AMatel, Kazakcran

AHHOTAIUA

[MectunuaTep 3UsSHKECTEp MEH aypyJapMeH Te3
KOHE THIM/JIi KYPECYAIH THIM/Ii KYpaJbl pETiHAE aybLI
apyamibUIBIFel OHIPICIHE MaHBI3ABI peJl aTKapa-
Iel. Anaiina, ojapsl Heri3ci3 maiganany KopiiaraH
OpTa MEH aybll apyallbUIbIFbl OHIMJIEPIHAC TIECTH-
MUATEP KaJJBIKTAPBIHBIH IIaMaJlaH ThIC MOJIIICpiHe
OKeIyl MYMKiH, OYJI SKOJIOTHSUIBIK JKaFmaiira >KoHe
ajaM JIeHCayJbIFbIHA YIKEeH Kayinm TeHuipeni. CoH-
JBIKTaH TMECTHIHUITEPAIH KaBIKTApbIH Talay IbIH
THIMAI, ce3IMTal XKOHE NMPAKTUKAJBIK KaHa oJicTe-
MECIH KYpYy KaXeT. DJICKTPOXUMHUSIBIK JaTIHKTEP
JKOFaphl CE3IMTABIFBl, TYPAKTBUIBIFBI, TaHIama-
JBUTBIFBI, KapanaibIMIbUTBIFI, KBULIAMIIBIFEl KOHE
ap3aHJbIFbIHA OalJIAHBICTBI TECTUIUATEPAIH KaJ-
IBIKTaphIH aHBIKTAY VIIIH KEHIHEH KOJJdaHbLIa-
Iel. bynm makanmajga MecTUIUATEPIIH KalAbIKTapbIH
aHBIKTayFa apHAJIFaH UMMYH/JIBIK, (EpMEHTTIK, HAaHO-
JKOHE MOJICKYJIAIBIK TaHOAIaHFaH JICKTPOXUMHUSIIBIK
JATYMKTEP OOWBIHINA 3ePTTSYJEPAIH KOJJIaHBLTYBI
MeH 0apbICHl TaJKbUIaHAIHI, COHBIMEH KaTap MEeCTH-
IUTEPIiH KAIBIKTAPbIH aHBIKTAY YIIiH SJICKTPOXH-
MUSIJIBIK CEHCOpJIap bl OoJamakTa Koyijany 0oJrka-
MBI KapacThIPBLIFaH.

Tytiin coe30ep: >NMEKTPOXUMUSIBIK CEHCOp, Te-
CTUIUJ KaJABIKTaphl, TaFaM, HMMYHJIBIK CEHCOD,
AHBIKTAY.



