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Abstract: Pesticides are chemicals that negatively affect human health and the
environment. Unconscious use of pesticides creates residues in foods or agri-
cultural products and it also cause water and soil pollution. Quick and easy deter-
mination of pesticide residues is important for environmental inspections. For
this reason, it is necessary to develop alternative methods to traditional methods
such as chromatography for the determination of pesticide residues. Electro-
chemical sensors are new generation analytical devices developed for the deter-
mination of pesticides that enable rapid and practical analysis. Carbon paste
electrodes used in the design of electrochemical sensors are modified using
different materials such as silver nanoparticles. Silver nanoparticles used for
modification could be synthesized using chemical methods, but these methods
are harmful to the environment because toxic chemicals are used in the synthesis
procedure. For this reason, the green synthesis technique was developed as an
alternative to chemical techniques. In this study, waste olive leaves were used in
green synthesis of silver nanoparticle as an electron precursor, the nanoparticles
(OL-AgNPs) were characterized and modified carbon paste electrodes were pre-
pared. The prepared modified carbon paste electrodes were used in the deter-
mination of thiocholine (as a product of hydrolysis of acetyl thiocholine by enz-
ymatic reactions), H,O, (as a product of many oxireductase enzyme reactions)
and the widely used pesticides cyprodinil and mepanipyrim. The results showed
that the modified carbon paste electrodes were more sensitive than the carbon
paste electrodes for all analytes. It was clear that the modified carbon paste
electrodes could be used in pesticide determinations.

Keywords: biological synthesis; modified carbon paste electrode; nanoparticle;
sustainability; voltammetry; agricultural waste.

* Corresponding author. E-mail: halit@gazi.edu.tr
https://doi.org/10.2298/JSC241118056A

1131

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



1 1 32 ADAK, KESKIN and ARSLAN

INTRODUCTION

Pesticides are chemicals used to increase agricultural products’ yield and
quality and protect forests and plantations.! Cyprodinil and mepanipyrim are the
active ingredients of some commonly used pesticides.2 Residues of these pesti-
cides are found in agricultural products.3 Unconscious and excessive use of these
pesticides affects the environment and human health negatively.2 Excessive pesti-
cide residues cause many diseases and their determination in trace amounts is cru-
cial.# Also, pesticides inhibit the important enzymes such as acetylcholinesterase
(AChE) which is an key enzyme for the functioning of the central nervous system
and muscle.> Thiocholine and acetate are the products of acetylthiocholine ester
(ATCh) hydrolysis with acetylcholinesterase (AChE).6 In addition to determin-
ation of thiocholine, HyO, monitoring could be provide the indirectly measure-
ment of choline which react with chloline oxidase, an oxireductase enzyme is
important for central nervous system, in the pesticide determinations.” The irrev-
ersible inhibition of the activity of cholinesterases and acetylcholinesterase could
have an important role to develop novel biosensors to determine pesticides.’
Therefore, thiocholine and H>O; are two important analytes for the determinations
of pesticides by biosensors.

Traditional chromatographic methods such as mass spectrometry, capillary
electrophoresis and high-performance liquid chromatography are used for the
analysis of pesticides in the environment.8 However, they have several drawbacks,
including complexity, labor-intensive sample preparation and the need for expen-
sive equipment and skilled personnel.8 In addition, electrochemical methods are
used for the determination of pesticides due to their high sensitivity and selectivity
and short analysis time compared to other methods. The use of modified electrodes
in electrochemical studies is becoming widespread.®-10 Modified electrodes inc-
rease the selectivity and sensitivity of the electrodes could be prepared by adding
conductive substances to the electrode material.! 115 The range of electrochemical
methods is expanded by this variety. Nanoparticles could be used when modifying
electrodes.!® Nanoparticles with sizes between 1-100 nm show unique physical
and chemical properties.!7-18 They are widely used in many fields, especially in
medicine, biotechnology, biomedical, textile, agriculture, defense industry,
cosmetics and chemical sectors.!9-20 The most feasible technique for producing
nanoparticles in a cost-effective, straightforward, safe and ecologically friendly
manner without using hazardous chemicals, high pressure, heat, or energy is called
green synthesis.21-22 Agricultural and domestic wastes are increasing by the time
as a result of population growth. The agricultural wastes such as olive, grape seeds,
pine sawdust, almond, nut, hazelnut, pecan, corn, peach and many more can be
used in green synthesis of nanoparticles.23 Olive leaves are found in large quan-
tities as residue in olive oil industries in Tiirkiye. Therefore, olive leaves can be
evaluated as a cheap raw material that can be used as a useful resource for high
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value-added products.24 Phytochemicals present in plant extracts could be used as
a precursor to reduce metal ions to metallic nanoparticles in the green synthesis
process.25:26 Due to their easy accessibility, using plant extracts in green synthesis
of nanoparticles is an important research topic in the field of bionanotechnology
today.27-29 Factors such as the pH, temperature, reaction time, concentration of
metal salt, dose of the plant extract and pressure affect the synthesis and application
of metal nanoparticles through green synthesis from plant extract.3 For example,
it has been observed that as the pH value of the plant extract increases, the nano-
particle formation rate increases and the nanoparticle size decreases.3! After green
synthesis, characterization studies of nanoparticles should be carried out. Nanopar-
ticles can be separated by their size, surface area, and distribution pattern. UV-Vis
absorption spectroscopy, scanning electron microscopy (SEM), energy dispersive
X-ray analysis (EDX), X-ray diffraction (XRD), Fourier transform spectroscopy
(FTIR), etc., techniques are commonly used in the characterization of nanopar-
ticles.22:32 Metal nanoparticles are used in various industrial and biological applic-
ations.!9 They are widely used in nanotechnology fields due to their properties
such as electrical conductivity.33

In this study, silver nanoparticles were synthesized and characterized. Their
application in the determination of pesticides, H»O» and thiocholine using electro-
chemical techniques was also examined. The synthesized silver nanoparticles were
used to modify the carbon paste electrode to the voltammetric determination. The
resulting silver nanoparticles modified carbon paste electrode showed a better per-
formance than the carbon paste electrode. This study revealed that trace amounts
of various pesticides and materials can be determined voltammetrically using a
modified carbon paste electrode with silver nanoparticles.

EXPERIMENTAL
Apparatus and reagents

For electrochemical studies, CH Instruments, model 1230B, electrochemical analyzer was
used.

Three electrode cell systems were used in experimental studies. Platinum wire (counter
electrode) and Ag/AgCl (3 M KCI) reference electrode were employed, and as the working
electrode, green synthesized waste olive leaves based-silver nanoparticles modified carbon
paste electrode (OL-AgNPs-MCPE) was used in the electrooxidation studies.

Acetylthiocholine chloride (ATCh), acetylcholinesterase (AChE), mepanipyrim, cyprodi-
nil, hydrogen peroxide, silver nitrate and all other chemicals were obtained from Sigma Aldrich.
Green synthesis and characterization of silver nanoparticles

To prepare olive leaves extract, waste olive leaves were obtained from Bodrum district of
Mugla province during the olive harvest period. The supplied leaves were cleaned. It was then
dried at 45 °C. After the dried plant leaves were ground, a certain amount was weighed, boiled
pure water was added and kept for 60 min, and after cooling, they were filtered with filter paper
and stored in a dark bottle at 4 °C until use. Then, the extract was mixed with 0.05 M AgNO;
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and stirred at 60 °C for 45 min. Finally, the obtained solution was centrifuged at 10000 rpm for
15 min to acquire, olive leaves-based, silver nanoparticles.26

The synthesized nanoparticles (OL-AgNPs) were characterized by UV absorption spec-
troscopy (T80+ high-performance double-beam spectrophotometer from PG Instruments),
scanning electron microscopy (SEM, Zeiss/Supra 40 VP), energy dispersive X-ray (EDX), zeta
potential (Malvern/Nano-ZS), Fourier transform infrared spectroscopy (FTIR, Thermo Fisher)
and X-Ray diffraction analysis.
Preparation of electrodes

To prepare working electrode, a carbon paste electrode (CPE) was prepared by mixing
carbon powder with mineral oil and the paste was filled into the electrode’s hollow.3* The

mixture was dried for 24 h. After that, the prepared electrode was cleaned, polished and sanded
to be used in electrochemical analyses (Fig. 1 a).3*
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Fig. 1. Preparation of electrodes; a) carbon paste electrode (CPE) and b) silver nanoparticles
modified carbon paste electrode (OL-AgNPs-MCPE).

A green synthesized waste olive leaves-based silver nanoparticles modified carbon paste
electrode (OL-AgNPs-MCPE) was prepared by mixing carbon powder with mineral oil and 8
mg silver nanoparticles, respectively.3> The pastes were filled into the hollow electrodes. The
mixtures were dried for 24 h. The prepared electrode was polished and sanded to use in electro-
chemical analyses (Fig. 1 b).

Electrochemical measurements

All electrochemical measurements were performed by using square wave voltammetry. To
determine H,O,, square wave voltammograms were applied, both carbon paste (CP) and modi-
fied carbon paste (MCP) electrodes in pH 2.0 Britton—Robinson (BR) buffer solution (f'= 15
Hz; AE = 25 mV). Increasing concentrations of H,O, solutions were added to the solution
medium, voltammograms were taken and current changes were observed against increasing
concentration. The analyses were performed, both CPE and OL-AgNPs-MCPE and the current
changes were compared.

To determine the thiocholine, voltammograms were applied to both CP and MCP elec-
trodes in 10 mL pH 7.5 BR buffer solution and 100 pL acetylcholine esterase (AChE) enzyme
(=15 Hz; AE =25 mV). Increasing concentrations of acetylthiocholine solutions (ATCh) were
added to the solution medium, voltammograms were taken and current changes were observed
against increasing concentration. The analyses were performed both CPE and OL-AgNPs-
-MCPE and the current changes were compared. The catalyzes of acetylthiocholine to thiochol-
ine by acetylcholine esterase is presented (Fig. 2). Acetylthiocholine is hydrolyzed by the enz-
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yme acetylcholinesterase into thiocholine and acetic acid. The thiocholine is oxidized by dimer-
ization via 2H" loss. The oxidation reaction of thiocholine has been thoroughly investigated.

AChE
Acetylthiocholine+H,O —— Thiocholine + Acetic acid

2Thiocholine(,.4— Thiocholine ) (dimeric)+2H™ + 2e-

Fig. 2. Reaction mechanism of hydrolyzing acetylthiocholine by AChE.

To determine cyprodinil and mepanipyrim (Fig. 3), square wave voltammograms were
applied to both CP and MCP electrodes in pH 2.0 BR buffer solution (f= 15 Hz; AE =25 mV).
Increasing concentrations of cyprodinil and mepanipyrim solutions were added to the solution
medium, voltammograms were taken and current changes observed against increasing concen-
tration. The analyses were performed both CPE and OL-AgNPs-MCPE and the current changes
compared. All analyses were performed for cyprodinil and mepanipyrim separately.

a)
Fig 3. Chemical structre of cyprodinil (a) and mepanipyrim (b).

RESULTS AND DISCUSSION

UV-Vis spectroscopy can be used as an easy and dependable way to check
the stability of the nanoparticles.3¢ The progress of the reaction following its plas-
mon absorption bands at 4,5 values was monitored for Ag nanoparticle evolution.
Maximum absorbance at 415 nm was seen for silver nanoparticles by UV—Vis
absorption spectroscopy technique. The literature search revealed that, a peak
around 410 nm stands for silver nanoparticles.3” The UV—Vis spectra at different
pH, temperature, time and AgNO3 concentration were recorded during the evol-
ution of the Ag nanoparticles (Fig. 4).

The formation of silver nanoparticles can be observed through UV—Vis spec-
troscopy, with peak formation occurring between 395 and 425 nm. The pH of the
plant extract used in the formation of silver nanoparticles has been found to be
effective. As the pH of the plant extract increases, the amount of synthesized silver
nanoparticles increases, and the size of the synthesized nanoparticles dec-
reases.38:39 To investigate the effect of the pH value of the olive leaf extract on
nanoparticle formation, nanoparticles were synthesized using solutions with pH
values ranging from 5.0 to 11.0, and measurements were taken using UV—Vis spec-
troscopy. It was observed that as the pH of the plant extract increased, the absorb-
ance at 410 nm also increased, with the highest absorbance value measured at pH
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10 (Fig. 5a). The obtained results were compatible with alternative methods of Ag
nanoparticle synthesis in the literature.40:41

Fig. 4. a) The change in the color with changing
pH of olive leaves extract in the pH range of 5.0—
—11.0 and b) silver nanoparticles synthesized
using olive leaves extract in the pH range of 5.0—
—11.0 (60 min at 60 °C).
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Fig. 5. UV-Vis spectra of silver nanoparticles for determination of optimal; a) pH,
b) temperature, c) time and d) AgNO; concentration.

Another parameter affecting nanoparticle formation is temperature. It has been
observed that as the temperature increases, the formation of nanoparticles also
increases.#? The formation of nanoparticles synthesized using extracts at temper-
atures ranging from 20 to 60 °C was monitored using UV—Vis spectroscopy. It was
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observed that as the temperature increased, the absorbance peak at 410 nm also
increased. Higher temperatures were not used in the experiments due to the pot-
ential degradation of the plant extract at elevated temperatures. The optimal value
has been determined to be 60 °C (Fig. 5b).

The time parameter also affects nanoparticle formation.#3 The absorbance of
the peak observed at 410 nm increased until the 45th min. At 60 °C, a decrease in
absorbance was observed at the 60th min, which was thought to be due to aggreg-
ation and/or agglomeration. As a consequence, the optimal time for synthesizing
silver nanoparticles using olive leaves extract was selected as 45 min (Fig. 5c).
Studies have shown that higher AgNO3 concentrations result in larger particle
sizes.4* High AgNOs concentrations negatively affect nanoparticle formation due
to aggregation and/or agglomeration. Therefore, at lower AgNO3 concentrations,
more silver nanoparticles were formed, and higher absorbance values were
measured at 410 nm. Finally, the optimization of synthesis was completed after
determining the optimum AgNOj3 concentration (Fig 5d). A summary of the
optimal parameters for synthesizing silver nanoparticles using olive leaves extract
is given in Table I.

TABLE I. Optimum parameters for the green synthesized waste olive leaves-based silver nano-
particles

Parameter Optimum value
pH 10
Temperature, °C 60
Time, min 45
AgNOj; concentration, mM 5

A review of the literature reveals numerous studies in which silver nanopar-
ticles are synthesized using aqueous extracts. The fluctuations observed in the UV
peaks are not believed to be due to the use of aqueous extracts. Instead, these
fluctuations are thought to be caused by the heterogeneity of the solution.

XRD was used to analyze the structure of OL-AgNPs. The five separate dif-
fraction peaks of the 26 values of 38.12, 44.28, 64.43, 77.48 and 81.54° can be
assigned the planes of (111), (200), (220), (311) and (222), respectively (Fig. 6),
indicating that the silver nanoparticles are crystalline and face-centered cubic (fcc)
structure in nature.

FT-IR spectra of olive leaves extract and silver nanoparticles synthesized
using olive leaves extract are given in Fig. 7, and corresponding data in Table II.

The spectra obtained as a result of the FT-IR analysis determined the presence
of phytochemicals properties found in the essence of the olive leaves used in the
synthesis of OL-AgNPs, and responsible for the reduction of silver nanoparticles.
The band observed at 3309.81 cm™! in the olive leaves extract, 3276.99 cm™! in
the synthesized OL-AgNPs, the bands observed at 1634.04, 1629.30, 666.83 and
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644.56 cm™! in the olive leaves extract and synthesized OL-AgNPs, respectively.
Additionally, a band at 2358.35 cm~! was detected in the FT-IR spectrum of OL-
-AgNPs. These functional molecules can be found with silver nanoparticles. The
band observed at 3309.81 cm! indicate O-H stretching properties. These band
indicates the presence of alcohols and phenols (O—H).#5 The band at 1634.04 cm™!
corresponded to the C=0 stretching of alcohols.4¢ And, the band at 666.83 cm™!
indicated chloroalkanes (C—X) stretching properties.#” FT-IR results show that
green synthesis of silver nanoparticles with plant extracts, primary and secondary
metabolites such as sugars, phenolics, flavonoids, terpenes, etc. were functionally
activated in the process.48

5 Hid 8 W o dM BN EN e e R Fil B
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Fig. 6. XRD pattern of OL-AgNPs synthesized using olive leaves extract.
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Fig. 7. FTIR spectra of: a) olive leaves extract and b) silver nanoparticles synthesized using
olive leaves extract.

The zeta potential of OL-AgNPs was determined —26.7 mV (Fig. 8).
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TABLE II. The peak list (cm™) of olive leaves extract and OL-AgNPs

Sample 1 I I v

a. Olive leaves extract 3309.81 - 1634.04 666.83
b. Silver nanoparticles synthesized using 3276.99  2358.35 1629.30 644.56
olive leaves extract

Zeta potential is the electrical charge on the surface of the surrounding
material. For the high stability and stability of the AgNP colloid, the zeta potential
should be in high negative value, which prevents the particles from sticking
together or aggregating. Additionally, nanoparticles with increased negative
charge values can enter the cell more easily.4?

300000

2000001

Total Counts

100000 <<=+ || veaea

-100 0 100 200
Apparent Zeta Potential (mV) Flg 8. Zeta potential of OL-AgNPS.

Energy diffraction X-ray (EDX) is carried out to analyze the dispersed size
distribution of nanoparticle components.50 The elemental composition of silver in
OL-AgNPs was determined as 86.25 % for the normalized atomic value. OL-
-AgNPs showed a characteristic optical absorption peak at nearly 2.8 keV due to
surface plasmon resonance (Fig. 9).

Fig. 9. Elemental composition of OL-AgNPs by EDX analysis.

Identification peaks for the main silver (Ag) emission energies were shown
and these peaks match the spectrum, indicating that silver had been accurately
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determined. The average particle sizes were found 85 nm (Fig. 10). The results
obtained in this study were compatible with the literature (Table III).

X
N\,

84 85 86 87 88

Size (nm)

Fig. 10. SEM images and histogram of OL-AgNPs.

TABLE III. Comparison of optimum parameters for the green synthesized silver nanoparticles

Natural source of reducing Temperature  Time  Size of silver

materials pH °C min particles, nm Reference
Eucalyptus oleosa - 25 960 45 51
Lemon 7 80 240 50 52
Hibiscus rosasinensis leaves 6 70 30 43 53
Olive leaves 8 22 52 50 54
Moringa oleifera leaves — Direct sunlight 60 57 55
Olive leaves 10 60 45 85 This study

Table IV provides the limit of detection (LOD) values for cyprodinil and
mepanipyrim pesticides determined using different methods. It is anticipated that
the electrodes prepared with the synthesized nanoparticles will enable the detection
of these pesticides with lower LOD values.

TABLE IV. Comparison of LODs of some methods developed for the determination of pes-
ticides

Method used Pesticide LOD Reference
Gas chromatographic determination Cyprodinil  0.05 mg/kg 56
High-performance liquid chromatography—diode array ~ Cyprodinil =~ 42.9 pg/L 57
detection

QuEChERS method coupled with UPLC-MS/MS

Cyprodinil  below 0.4 58
ng/kg

Square wave stripping voltammetric determination Cyprodinil  0.076 mg/L 59

QuEChERS method coupled with UPLC-MS/MS Mepanipyrim be::;‘;{(g'4 >3

Single drop microextraction and gas chromatography— Mepanipyrim 0.03 pug L'! 60

—mass spectrometry

Liquid chromatography-tandem mass spectrometry Mepanipyrim 0.10 pg /kg 61
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1.0x10-3 M H,0; stock solution was used to compare the sensitivity of CPE
and OL-AgNPs-MCPE to HO;. Fig. 11 shows that OL-AgNPs-MCPE is more
than 50 times more sensitive to HyO, than CPE.

-180

i { a. blank - . f
400 Electrode: CPE - %1}, 11102 M H:0: Electrode: Ag-NP-MCPE |
1 [ 100 ¢ b+10° M H:20: _—8 ;
280 - G130 4 c+107 M H:0; = = s
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Fig. 11. Square wave voltammograms for H,O, on: 1) CPE and 2) OL-AgNPs-MCPE (pH 2.0
BR buffer solution; f= 15 Hz; AE =25 mV).

It was clear that the prepared OL-AgNPs-MCPE had a good performance in
detection of HO,. Different biosensors, which are based on measuring HyOp,
could be designed by using OL-AgNPs-MCPE. 2.0x10-3 M mepanipyrim stock
solution was used to compare the sensitivity of CPE and OL-AgNPs-MCPE to
mepanipyrim. Fig. 11 shows that OL-AgNPs-MCPE was more than 4 times sen-
sitive to mepanipyrim than CPE (Fig. 12).
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Fig. 12. Square wave voltammograms for mepanipyrim on: 1) CPE and 2) OL-AgNPs-MCPE
(pH 2.0 BR buffer solution; f'= 15 Hz; AE =25 mV).

1.0x10-3 M cyprodinil stock solution was used to compare the sensitivity of
CPE and OL-AgNPs-MCPE to cyprodinil. Fig. 12 shows that OL-AgNPs-MCPE
was 3 times more sensitive to cyprodinil than CPE (Fig. 13).

1.0x10~4 M acetylthiocholine chloride (ATCh) and acetylcholinesterase (AChE)
were used for the electrochemical determination of thiocholine. Fig. 13 shows that
the peak was not observed at CPE for thiocholine. OL-AgNPs-MCPE is more
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sensitive to thiocholine than CPE. The obtained currents at nearly 850 mV were
plotted against the thiocholine concentration and the linearity showed (Fig. 14).

Current (uA)
Current (nA)

=

a. 10 mL pH 2 BR sol. +0.05 mL 1.0x10* M cyprodonil
b. a+0.05 mL 1.0x10* M cyprodonil

P

Electrode: Ag-NP-MCPE
2

150 120 10 100 090 080 070 060 140 130 120 110 1.00 090 080 070 060
Potential (V) Potential (V)

Fig. 13. Square wave voltammograms for cyprodinil on: 1) CPE and 2) OL-AgNPs-MCPE
(pH 2.0 BR buffer solution; f'= 15 Hz; AE =25 mV).
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Fig. 14. Square wave voltammograms for thiocholine on 1) CPE and 2) OL-AgNPs-MCPE
(pH 2.0 BR buffer solution; f= 15 Hz; AE =25 m).

As a result, this study showed a successful approach to synthesizing silver
nanoparticles using olive leaves extract, which could be used in electrochemical
determination of HoO», mepanipyrim, cyprodinil and thiocholine.

CONCLUSION

In this study, a new modified carbon paste electrode was prepared for the
determination of the most commonly used pesticides (mepanipyrim and cypro-
dinil), H»O; and thiocholine. For this purpose, eco-friendly silver nanoparticles
were synthesized using waste olive leaves extract. In addition, the optimal para-
meters for synthesizing silver nanoparticles, using olive leaves extract, and charac-
terization were studied. The application of silver nanoparticles in the preparation
of modified carbon paste electrodes provides successful. Voltammetric determin-
ation of H>O»,, mepanipyrim, cyprodinil and thiocholine. Consequently, the pre-
sent study showed an innovative approach for synthesizing silver nanoparticles,
using olive leaves extract, which can be used in various electrochemical deter-
minations.

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



ECO-FRIENDLY ELECTROCHEMICAL DETECTION OF PESTICIDES 1 143

Acknowledgements. This study is a part of Ezgi Adak’s doctoral thesis and we are also
grateful to Gazi University Scientific Research Projects Coordination Unit (Project number:
FDK-2022-7739) for providing financial support.

M3BOJ

IMOTEHLMJAJT EJIEKTPOXEMHJCKHUX AHAJIU3A ITECTULIMUIA IIOMORY
HAHOYECTHIA CPEBPA CHHTETHUCAHUX 3EJIEHHMM ITYTEM HA BA3U
OTTIAIDHOI IMIITRA MACJIMHE

EZGI ADAK'?, MERVE KESKIN?® u HALIT ARSLAN!
Department of Chemistry, Faculty of Science, Gazi University, 06500, Ankara, Turkiye, Gazi University

Graduate School of Natural and Applied Science, 06500, Ankara, Turkiye u *Vocational School of Health
Services, Bilecik Seyh Edebali University, 11210, Bilecik, Turkiye

ITecTHUMOX Cy XeMUKaJHje KOje HEraTUBHO YTHUy Ha JbY/ICKO 30paBibe U XKUBOTHY Cpe-
nvHy. HecaBecHa ynorpeda IecTuluaa AOBOIM 0 NPUCYCTBA HUXOBUX OCTaTaka y XpaHU U
NO/bOIIPUBPENHUM IIPOM3BOIMMA, Kao M [0 3arahema Bofe U 3eMsbuIITa. bp30 U jeqHOCTaBHO
onpehuBame ocTaTaka MecTULM/A je BaXKHO 338 KOHTDOJIY KUBOTHe cpefuHe. U3 Tor pasiora,
HEOIIXOIHO je Pa3BUTH aJITEpHATHBHe MeTole 3a onpehuBame ocTaTaka necTHNUIa koje OU
MOIJIe 3aMEHUTH TpafiMLIMOHAIHE TEXHUKe, Kao WITO je XxpomaTorpaduja. EnexkrpoxemMujcku
CEH30pH Cy aHAJIMTHYKHU ypehaju HoBe reHepaluje pa3sBUjeHH 3a ofpehuBame necTuuua Koju
omoryhasajy 6p3y U NpakTU4YHy aHanusy. Enexrpope of yI/beHUUHE 1acTe, Koje ce KOPUCTe Y
I13ajHy eleKTPOXEMHUjCKHX CEH30pa, MOOU(HKOBaHE Cy KOpHIIhemeM pasIMuUTUX MaTepu-
jama kao mro cy HaHoyectulle cpedbpa. Hanouectune cpedpa, koje ce kopucre 3a Momudu-
Kall{jy, MOTy Ce CHHTeTH30BaTH XeMHjCKUM METOlaMa, ali Cy OBEe METOJIe IITETHE MO KUBOTHY
CPEenMHY, jep ce y MOCTYNKy CUHTE3€ KOPUCTE TOKCUYHE XeMUKanuje. M3 Tor pasinora, passujeHa
je TeXHUKa 3eJIeHe CHHTe3€ Kao aJITepHaTHBa XEMUjCKUM TeXHUKaMa. Y 0BOj CTYAUjH, OTHAJHU
JIMCTOBU Mac/IMHe KOPUITheHU Cy Y 3eJIeH0j CUHTe3U CpedpHUX HaHOUEeCTHLA Kao IpeKypcopa
enexrpoHa. Hanouectuue (OL-AgNP) cy okapakTepucaHne ¥ IpunpemsbeHe cy MoguduKoBaHe
eJleKTposie ofi yrbeHU4yHe nacre. Enexrpone cy xopuirhene y oppehuBamwy THOXONMHHA (1po-
W3BOJIa XWUAPOJIHM3e aleTH/ THOXOJMHWHA eH3UMCKUM peakuujama), H:O: (mpousBoma MHOTMX
peaklyja eH3uMa OKCUpeAyKTas3e) U IMPOKO KopuiTheHuX NecTUlXAa HUIPOJUHMIA U MeNa-
HUNUpUMa. Pe3yiTaTy cy nokasaay ja cy Mogu@HUKoBaHe el1eKTPofie Of yIJbeHUYHe NacTe dune
OCET/bHBUjE OfI €JIEKTPOJa Off yIJbeHUYHE NTAcTe 32 CBE aHa/IUTe. JaCHO je IOKa3aHo Ja Ce MOJH-
(uxoBaHe enexkTpoze of yI/beHHUYHE NacTe MOTY KODUCTUTH Y ofpehuBamy nectuuuja.

(ITpummpeno 18. HoBemOpa 2024, peBunupaHo 24. jaHyapa, npuxsaheHo 24. jyna 2025)

REFERENCES

1. D.J. Ecobichon, Toxicology 160 (2001) 27 (https://doi.org/10.1016/S0300-
483X(00)00452-2)

2. S. Sabzevari, J. Hofman, Sci. Total Environ. 812 (2022) 152344
(https://doi.org/10.1016/j.scitotenv.2021.152344)

3. L. Wang, Y. Liang, X. Jiang, Bull. Environ. Contam. Toxicol. 81 (2008) 377
(https://doi.org/10.1007/s00128-008-9498-2)

4. W.M. Abdou, E. S. M. Yakout, Tetrahedron 49 (1993) 6411
(https://doi.org/10.1016/S0040-4020(01)80155-1)

5. G. Liu, S. L. Riechers, M. C. Mellen, Y. Lin, Electrochem. Commun. 7 (2005) 1163
(https://doi.org/10.1016/j.elecom.2005.08.025)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



1 144 ADAK, KESKIN and ARSLAN

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

D. Du, J. Ding, Y. Tao, X. Chen, Sensors Actuators,. B 134 (2008) 908
(https://doi.org/10.1016/j.snb.2008.06.040)

M. Trojanowicz, M. L. Hitchman, TrAC Trends Anal. Chem. 15 (1996) 38
(https://doi.org/10.1016/0165-9936(96)88036-8)

C. Li, A. Begum, J. Xue, Water Environ. Res. 92 (2020) 1770
(https://doi.org/10.1002/wer.1431)

M. A. Munir, J. A. Jamal, M. M. Said, S. Ibrahim, M. S. Ahmad, Scientifica 2023 (2023)
5444256 (https://doi.org/10.1155/2023/5444256)

F. Arduini, S. Cinti, V. Scognamiglio, D. Moscone, Microchim. Acta 183 (2016) 2063
(https://doi.org/10.1007/s00604-016-1858-8)

H. Arslan, D. Senarslan, B. S. Cevrimli, H. Zengin, D. Uzun, F. Arslan, Bulg. Chem.
Commun. 50 (2018) 16

(http://bce.bas.bg/BCC_Volumes/Volume 50 Number 1 2018/BCC-50-1-2018.pdf)
0. C. Bodur, E. H. Ozkan, O. Colak, H. Arslan, N. Sar1, A. Disli, F. Arslan, J. Mol.
Struct. 1223 (2021) 129168 (https://doi.org/10.1016/j.molstruc.2020.129168)

F. Arslan, H. Kogak, O. C. Bodur, E. H. Ozkan, B. Arslan, N. Sar1, Maced. J. Chem.
Chem. Eng. 41 (2022) 229 (https://doi.org/10.20450/mjcce.2022.2585)

M. A. Akbryik, O. C. Bodur, M. Keskin, M. Kara, S. Ding, H. Arslan, M. Ozmen, F.
Arslan, J. Electrochem. Soc. 170 (2023) 037517 (https://doi.org/10.1149/1945-
7111/acc364)

M. A. Munir, F. Rahmawati, J. A. Jamal, E. Rahmawati, F. Z. Fajriyaningsih, F. R. Putri,
A. Gunawan, Green Chem. Lett. Rev. 17 (2024)
(https://doi.org/10.1080/17518253.2024.2355235)

0. C. Bodur, M. Keskin, B. A. Avan, H. Arslan, J. Serb. Chem. Soc. 88 (2023) 521
(https://doi.org/10.2298/JSC221122013B)

J.F.Liu, S.J. Yu, Y. G. Yin, J. B. Chao, TrAC Trends Anal. Chem. 33 (2012) 95
(https://doi.org/10.1016/.trac.2011.10.010)

S. U. Pektas, M. Keskin, O. C. Bodur, F. Arslan, J. Food Compos. Anal. 129 (2024)
106133 (https://doi.org/10.1016/j.jfca.2024.106133)

R.J. Pinto, M. C. Neves, C. P. Neto, T. Trindade, in Nanocomposites — New Trends and
Developments, F. Ebrahimi, Ed., InTech, Rijeka, 2012 (https://doi.org/10.5772/50553)
P. Nartop, Pamukkale Univ. Muh. Bilim. Derg 23 (2017) 759
(https://doi.org/10.5505/pajes.2016.04809)

P. Logeswari, S. Silambarasan, J. Abraham, Sci. Iran. 20 (2013) 1049
(https://core.ac.uk/reader/81124370)

M. Keskin, G. Kaya, S. Bayram, A. Kurek-Gorecka, P. Olczyk, Molecules 28 (2023)
2762 (https://doi.org/10.3390/molecules28062762)

H. Nguyen, M. Jamali Moghadam, H. Moayedi, J. Mater. Cycles Waste Manage. 21
(2019) 1039 (https://doi.org/10.1007/s10163-019-00872-y)

R. Briante, M. Patumi, S. Terenziani, E. Bismuto, F. Febbraio, R. Nucci, J. Agric. Food
Chem. 50 (2002) 4934 (https://doi.org/10.1021/j025540p)

Z. Ahmad, A. Rauf, H. Zhang, M. Ibrahim, N. Muhammad, Y. S. Al-Awthan, O. S.
Bahattab, Green Process Synth. 13 (2024) 20240001 (https://doi.org/10.1515/gps-2024-
0001)

M. Can, M. Keskin, J. Serb. Chem. Soc. 90 (2025) 123
(https://doi.org/10.2298/jsc231110023C)

I. Hussain, N. B. Singh, A. Singh, H. Singh, S. C. Singh. Biotech. Lett. 38 (2016) 545
(https://doi.org/10.1007/s10529-015-2026-7)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

ECO-FRIENDLY ELECTROCHEMICAL DETECTION OF PESTICIDES 1 145

S. Jadoun, R. Arif, N. K. Jangid, R. K. Meena, Environ. Chem. Lett. 19 (2021) 355
(https://doi.org/10.1007/s10311-020-01074-x)

A. 1. Osman, Y. Zhang, M. Farghali, A. K. Rashwan, A. S. Eltaweil, E. M. Abd El-
-Monaem, 1. M. A. Mohamed, M. M. Badr, I. Ihara, D. W. Rooney, P. S. Yap, Environ.
Chem. Lett. 22 (2024) 841 (https://doi.org/10.1007/s10311-023-01682-3)

A. A. Yaqoob, K. Umar, M. N. M. Ibrahim, 4pp!. Nanosci. 10 (2020) 1369
(https://doi.org/10.1007/s13204-020-01318-w)

V. Armendariz, I. Herrera, J. R. Peralta-Videa, M. Jose-Yacaman, H. Troiani, P.
Santiago, J. L. Gardea-Torresdey, J. Nanoparticle Res. 6 (2004) 377
(https://doi.org/10.1007/s11051-004-0741-4)

K. Vijayaraghavan, T. Ashokkumar, J. Environ. Chem. Eng. 5 (2017) 4866
(https://doi.org/10.1016/j.jece.2017.09.026)

S. Ahmad, S. Munir, N. Zeb, A. Ullah, B. Khan, J. Ali, M. Bilal, M. Omer, M. Alamzeb,
S.M. Salman, S. Ali, Int. J. Nanomedicine 14 (2019) 5087
(https://doi.org/10.2147/1IN.S200254)

M. Ozdemir, H. Arslan, Artif. Cells Nanomed. Biotechnol. 42 (2014) 27
(https://doi.org/10.3109/21691401.2013.768628)

P. K. Kalambate, C. R. Rawool, S. P. Karna, A. K. Srivastava, Mater. Sci. Eng., C 69
(2016) 453 (https://doi.org/10.1016/j.msec.2016.06.077)

R. K. Mishra, A. Sabu, S. K. Tiwari, J. Saudi Chem. Soc. 22 (2018) 949
(https://doi.org/10.1016/j.jscs.2018.02.005)

Panigrahi, S. Kundu, S. Ghosh, S. Nath, T. Pal, J. Nanopart. Res. 6 (2004) 411
(https://doi.org/10.1007/s11051-004-6575-2)

M. K. Alqgadi, O. A. Abo Noqtah, F. Y. Alzoubi, J. Alzouby, K. Aljarrah, Mater. Sci.
Poland 32 (2014) 107 (https://doi.org/10.2478/s13536-013-0166-9)

H. M. Kredy, J. Pharm. Sci. Res. 10 (2018) 2022

A. D. Dwivedi, K. Gopal, Colloids Surfaces, A 369 (2010) 27
(https://doi.org/10.1016/j.colsurfa.2010.07.020)

L. B. Anigol, J. S. Charantimath, P. M. Gurubasavaraj, Org. Med. Chem. Int. J. 3 (2010)
1 (https://doi.org/10.19080/0OMCI1J.2017.03.555622)

J. Han, Y.Chen, X. Nie, J. Clust. Sci. 32 (2021) 899 (https://doi.org/10.1007/s10876-020-
01852-1)

N. Manosalva, G. Tortella, M. C. Diez, H. Schalchli, A.B. Seabra, N. Duran, O. Rubilar,
World J. Microbio. Biotech. 35 (2019) 88 (https://doi.org/10.1007/s11274-019-2664-3)
Y. Z.N. Htwea, W. S. Chow, Y. Sudab, M. Mariatti, Materials Today: Proc. 17 (2019)
568 (https://doi.org/10.1016/j.matpr.2019.06.336)

S. Renganathan, G. Geoprincy, B. N. Vidhya Srri, U. Poonguzhali, N. Nagendra Gandhi,
Asian J. Pharm. Clin. Res. 6 (2013) 8

M. Vanaja, G. Annadurai, App. Nanosci. 3 (2013) 217 (https://doi.org/10.1007/s13204-
012-0121-9)

P. Kumar, S. Senthamilselvi, A. Lakshmipraba, K. Premkumar, R. Muthukumaran, Dig.
J. Nanomat. Biostruc. 7 (2012) 511 (https://chalcogen.ro/511 Kumar.pdf)

B. Sadeghi, F. Gholamhoseinpoor, Spectrochim. Acta, A 134 (2015) 310
(https://doi.org/10.1016/j.saa.2014.06.046)

S. Maddinedi, B. K. Mandal, S. K. Maddili, J. Photochem. Photobiol., B 167 (2017) 236
(https://doi.org/10.1016/j.jphotobiol.2017.01.003)

V. Singh, A. Shrivastava, N. Wahi, African J. Biotechnol. 14 (2015) 2554
(https://doi.org/10.5897/AJB2015.14692)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



1 146 ADAK, KESKIN and ARSLAN

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

S. M. Pourmortazavi, M. Taghdiri, V. Makari, M. Rahimi-Nasrabadi, Spectrochim. Acta,
A 136 (2015) 1249 (https://doi.org/10.1016/j.saa.2014.10.010)

T. C. Prathna, N. Chandrasekaran, A. M. Raichur, A. Mukherjee, Colloids Surfacs, B 82
(2011) 152 (https://doi.org/10.1016/j.colsurfb.2010.08.036)

A. Singh, B. Gaud, S. Jaybhaye, Mater. Sci. Energy Technol. 3 (2020) 232
(https://doi.org/10.1016/j.mset.2019.08.004)

M. M. Khalil, E. H. Ismail, K. Z. El-Baghdady, D. Mohamed, Arab. J. Chem. 7 (2014)
1131 (https://doi.org/10.1016/j.arabjc.2013.04.007)

J. S. Moodley, S. B. N. Krishna, K. Pillay, F. Sershen, P. Govender, A4dv. Nat. Sci.:
Nanosci. Nanotechnol. 9 (2018) 015011 (https://doi.org/10.1088/2043-6254/aaabb2)

P. Cabras, A. Angioni, V. L. Garau, E. V. Minelli, J. AOAC Int. 80 (1997) 867
(https://doi.org/10.1093/jaoac/80.4.867)

L. Vaquero-Fernandez, A. Saenz-Hernaez, J. Sanz-Asensio, P. Fernandez-Zurbano, M.
Sainz-Ramirez, B. Pons-Jubera, M. Lopez-Alonso, S. Epifanio-Fernandez, M. Martinez-
-Soria, J. Sci. Food Agric. 8 (2008) 1943 (https://doi.org/10.1002/jsfa.3301)

X. Liang, X. Liu, F. Dong, J. Xu, D. Qin, Y. Li, Y. Zheng, Food Add. Contam., A 30
(2013) 713 (https://doi.org/10.1080/19440049.2013.768777)

E. A. Ayhan, R. Inam, J. Food Meas. Charact. 14 (2020) 1333
(https://doi.org/10.1007/s11694-020-00381-9)

L. Araujo, M. E. Troconis, D. Cubillan, J. Mercado, N. Villa, A, Prieto, Environ. Monit.
Assess 185 (2013) 10225 (https://doi.org/10.1007/s10661-013-3327-8)

X. Chen, Z. Li, Z. Cao, X. Cao, M. Chen, Chinese J. Chromat. 31 (2013) 954
(https://doi.org/10.3724/sp.j.1123.2013.04028).

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice



@Article{Adak2025,

  author    = {Ezgi Adak and Merve Keskin and Halit Arslan},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {The potential of electrochemical pesticide analyses by green synthesized waste olive leaves based-silver nanoparticles},

  year      = {2025},

  issn      = {1820-7421},

  month     = {10},

  pages     = {1131-1146},

  volume    = {90},

  abstract  = {Pesticides are chemicals that negatively affect human health and the environment. Unconscious use of pesticides creates residues in foods or agricultural products and it also cause water and soil pollution. Quick and easy determination of pesticide residues is important for environmental inspections. For this reason, it is necessary to develop alternative methods to traditional methods such as chromatography for the determination of pesticide residues. Electrochemical sensors are new generation analytical devices developed for the determination of pesticides that enable rapid and practical analysis. Carbon paste electrodes used in the design of electrochemical sensors are modified using different materials such as silver nanoparticles. Silver nanoparticles used for modification could be synthesized using chemical methods, but these methods are harmful to the environment because toxic chemicals are used in the synthesis procedure. For this reason, the green synthesis technique was developed as an alternative to chemical techniques. In this study, waste olive leaves were used in green synthesis of silver nanoparticle as an electron precursor, the nanoparticles (OL-AgNPs) were characterized and modified carbon paste electrodes were prepared. The prepared modified carbon paste electrodes were used in the determination of thiocholine (as a product of hydrolysis of acetyl thiocholine by enzymatic reactions), H2O2 (as a product of many oxireductase enzyme reactions) and the widely used pesticides cyprodinil and mepanipyrim. The results showed that the modified carbon paste electrodes were more sensitive than the carbon paste electrodes for all analytes. It was clear that the modified carbon paste electrodes could be used in pesticide determinations.},

  doi       = {10.2298/JSC241118056A},

  file      = {:09_13124_5444.pdf:PDF},

  issue     = {9},

  keywords  = {agricultural waste,biological synthesis,nanoparticle,sustainability,voltammetry},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/13124},

}





