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on by pest infestations. Nonetheless, there are a few benefits 
and drawbacks to using pesticides [2]. One benefit is that 
pesticides can help produce high-quality crops more effec-
tively [3]. . One benefit is that pesticides can help produce 
high-quality crops more effectively [4]. When pesticide res-
idues remain in food, especially carbamates, they can have 
a negative impact on human health. Moreover, overuse of 
pesticides can result in water pollution, which is harmful to 
human water supplies and aquatic habitats [5]. Pesticides 
that contain carbamates, such carbosulfan, are very danger-
ous for the environment and human health. Prolonged expo-
sure to these chemicals can cause respiratory issues, cancer, 
and detrimental effects on the nervous system in humans. In 
addition, they have the potential to contaminate water and 
soil resources, harming wildlife and upsetting ecosystems. 
As a result, it is crucial to find and keep an eye out for car-
bamate insecticides in food and the environment.

Introduction

Chemicals called pesticides are applied to crops to keep 
pests under control and boost production. There are vari-
ous reasons why the use of pesticides in food production 
is important. First and foremost, pesticides are essential 
for shielding crops from pests and guaranteeing more 
agricultural output. This is particularly crucial to ensuring 
dependable food supplies for expanding populations [1]. 
Furthermore, pesticides lessen the financial losses brought 
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Abstract
This work describes the development and assessment of a novel electrochemical sensor based on silver nanoparticles (Ag 
NPs) and carboxylated multi-walled carbon nanotubes (c-MWCNTs) modified Glassy Carbon Electrode (GCE) for the 
detection of carbosulfan (CBS), a carbamate pesticide, in food samples using cyclic voltammetry (CV), and differential 
pulse voltammetry (DPV) analyses. By utilizing the complementary properties of Ag NPs and c-MWCNTs, the sensor’s 
sensitivity, selectivity, and stability are improved. With a noticeably decreased detection limit across a wide range of CBS 
concentrations, the Ag NPs/c-MWCNTs/GCE combination showed excellent electrochemical performance. The peak cur-
rent and CBS concentration showed a strong linear connection between 1 and 726 µM. With a detection limit as low as 
0.009 µM, the constructed sensor has a sensitivity of 0.31317 µA/µM. The sensor’s potential for monitoring CBS in actual 
samples was indicated by its good stability, repeatability, and satisfactory anti-interference performance. The results of a 
real sample analysis of CBS in tomato samples indicated a relative standard deviation value ranging from 3.42 to 4.52% 
and a significant recovery within the range of 97.00–99.33%. The creation of this sensor will have a big impact on public 
health and environmental monitoring. In the end, it can protect public health by lowering the danger of pesticide exposure, 
increasing food safety, and enabling more selective and sensitive detection of carbosulfan residues in food.
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A class of compounds called carbamate insecticides is 
frequently used in agriculture to control pests [6]. For this 
investigation, we decided to concentrate on carbosulfan 
(CBS) among the many carbamate insecticides. Due to its 
broad spectrum of pesticide effectiveness, CBS is one of the 
most widely used carbamate insecticides in agriculture glob-
ally. On the other hand, persistent exposure to it is known 
to be extremely hazardous to humans and the environment, 
resulting in major health concerns such respiratory and 
neurological illnesses. There are currently no reliable tech-
niques for identifying CBS residues in food, despite the fact 
that it is highly hazardous and common. Because of CBS’s 
unique chemical characteristics, many of the detection tech-
niques now in use are either too sensitive or too selective. 
Consequently, the goal of our research was to close this 
gap by creating a more accurate and focused CBS detec-
tion sensor. Carbasulfan (CBS; C20H32N2O3S), a member of 
the carbamate chemical class, is one well-known example. 
With regard to CBS in particular, Fig. 1 [7] illustrates how 
its chemical structure is distinguished by a carbamate func-
tional group. Because eating them may pose health hazards, 
it is crucial to identify the presence of carbamate insecti-
cides in food. In order to protect food safety and reduce the 
negative effects of pesticide residues on human health and 
the environment, these materials need to be investigated for 
potential detection methods [8].

Numerous techniques have been advanced in the field 
of pesticide detection to study and detect CBS residues in 
food, including colorimetric assay [9], micellar electroki-
netic chromatography [10], high-performance liquid chro-
matography with post-column fluorescence [11], liquid 
chromatography coupled to quadrupole tandem mass spec-
trometry [12], surface-enhanced Raman spectroscopy [13] 
and Spectrophotometry [14]. Numerous techniques have 
been devised for the identification of pesticides, each pos-
sessing pros and cons concerning effectiveness, expense, 

and usefulness. For example, colorimetric assays are easy 
to use and reasonably priced, but they are not sensitive or 
selective [9]. High resolution and efficiency are provided by 
micellar electrokinetic chromatography, although it takes a 
long time and expensive equipment [10]. High-performance 
liquid chromatography provides high sensitivity and selec-
tivity but is also costly and requires skilled operators [11]. 
Surface-enhanced Raman spectroscopy is highly sensitive 
but can be affected by environmental factors and requires 
complex sample preparation [13]. Because of their sensitiv-
ity, selectivity, and ability to conduct analyses quickly, elec-
trochemical methods have drawn the most interest among 
these strategies [15, 16]. Benefits of electrochemical tech-
nologies include cost-effectiveness, real-time monitoring, 
and the capacity to function in watery settings. Additionally, 
there has been a surge in research into the use of nanostruc-
tures in electrochemical sensors [17]. Due to the enhanced 
analyte-sensing interactions and wide surface area that 
nanostructures offer, improved sensitivity and selectivity 
are made possible. Nanostructures are essential for improv-
ing the performance of electrochemical sensors because 
they offer a platform for immobilizing particular recogni-
tion elements [18]. Improved detection limit, reaction time, 
and overall resilience are all impacted by the introduction 
of nanostructures in electrochemical sensors. All things 
considered, addition of nanostructures to electrochemical 
sensors is a promising way to improve the identification of 
pesticide residues, including CBS, in food, improving food 
safety and safeguarding the environment [15].

Certain nanostructures, like multi-walled carbon nano-
tubes (MWCNTs) and silver nanoparticles (Ag NPs), can 
be used to create electrochemical sensors that can identify 
pesticide residues like CBS. The unique characteristics of 
these nanostructures greatly improve the functionality of 
electrochemical sensors. Ag NPs have a great electroactive 
surface area, excellent electrical conductivity, and chemical 

Fig. 1  Chemical structure of 
carbosulfan
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stability, all of which improve the performance of the elec-
trochemical sensor [19]. Ag NPs’ characteristics enhance 
electron transfer kinetics, which raises sensitivity and low-
ers detection limits [20]. Furthermore, Ag NPs’ catalytic 
activity can improve the sensor’s selectivity for the target 
analyte, such as CBS [21]. MWCNTs, on the other hand, are 
renowned for their remarkable mechanical strength, electri-
cal conductivity, and huge specific surface area [22]. The 
electrode performance of electrochemical sensors is directly 
improved by these characteristics. Because of their strong 
and conductive electrode surface, MWCNTs improve sta-
bility. Furthermore, because of their large surface area, 
they immobilize recognition components more effectively, 
improving sensitivity and selectivity against pesticide resi-
dues like CBS [23]. Moreover, MWCNT carboxylation 
can improve these sensor qualities even more. MWCNTs 
become more soluble and dispersible after carboxylation, 
which enhances their ability to interact with recognition 
elements [24]. This alteration also improves the sensor’s 
selectivity by enabling targeted binding interactions with 
the target analyte, which results in increased sensitivity and 
stability. As a result, it is a favorable option for detecting 
pesticide residue in food samples [25–27].

Ag NPs and c-MWCNTs are two examples of nanostruc-
tures that are essential to improving the functionality of our 
electrochemical sensor. Ag NPs, for example, enhance the 
performance of the electrochemical sensor due to their huge 
electroactive surface area, superior electrical conductivity, 
and chemical stability. Ag NPs’ unique properties improve 
electron transfer kinetics, lowering detection limits and 
increasing sensitivity. Furthermore, the selectivity of the 
sensor for the target analyte, such as CBS, can be enhanced 
by the catalytic activity of Ag NPs. Conversely, c-MWCNTs 
are well known for their enormous specific surface area, 
electrical conductivity, and exceptional mechanical strength. 
These features enhance electrochemical sensors’ electrode 
performance directly. Stability is enhanced by c-MWCNTs 
because of their robust and conductive electrode surface. 
They also more efficiently immobilize recognition compo-
nents due to their wide surface area, which enhances sen-
sitivity and selectivity against pesticide residues like CBS.

This study created an electrochemical sensor to detect 
CBS as carbamate pesticide residues in food samples. The 
sensor is based on a modified glassy carbon electrode with 
Ag NPs and MWCNTs. The addition of Ag NPs and car-
boxylated MWCNTs to the glassy carbon electrode, which 
greatly improves the sensor’s sensitivity, selectivity, and 
stability for the detection of CBS, is what makes this work 
novel. Highly sensitive and selective detection of carbamate 
residues in complex food matrices is made possible by the 
enhanced electrochemical response resulting from the syn-
ergistic actions of Ag NPs and carboxylated MWCNTs. In 

order to solve the difficulties in detecting carbamate pesti-
cides in food, the electrode modification with these CBS is a 
novel strategy that shows promise for improving food safety 
and protecting the public’s health in the long run. This paper 
offers a thorough analysis of a new electrochemical sensor 
for the identification of CBS in ambient water. The sensor 
is built around a special framework made of cutting-edge 
nanomaterials. Using a variety of analytical techniques, the 
structure and morphology of the sensor were thoroughly 
investigated, exposing its special qualities and benefits. 
Using CV and DPV, the electrochemical behaviour of the 
sensor was investigated, and the optimal performance was 
attained by optimizing the parameters of both the electro-
chemical analysis and sensor manufacture. The sensor has 
a large linear range, a low detection limit, and outstanding 
sensitivity, stability, and selectivity. Additionally, it per-
formed satisfactorily in an actual sample analysis.

Experimental section

Materials

Purchased from Sigma-Aldrich in the USA were multiwalled 
carbon nanotubes (MWCNTs, > 99% purity), concentrated 
sulfuric acid (H2SO4), nitric acid (HNO3), monosodium 
phosphate (NaH2PO4, ≥ 99.0%), and disodium phosphate 
(Na2HPO4, > 98% purity). We also acquired anhydrous 
trisodium citrate and silver nitrate (AgNO3, 99.8% purity) 
from Sigma-Aldrich, USA. Merck, a German company, 
provided 99.7% pure isopropanol. We purchased a glassy 
carbon electrode (GCE, 3 mm diameter) from bioanalytical 
systems, Inc. in the United States. Without any extra purifi-
cation, all compounds were used exactly as they were sup-
plied. The entire experiment was conducted with deionized 
water. The ingredients for 0.1 M phosphate buffered saline 
(PBS) were NaH2PO4 and Na2HPO4.

Instrumentation

A D8 Advance X-ray diffractometer (Bruker, Germany) was 
used for X-ray diffraction (XRD) analyses. X-ray photoelec-
tron spectroscopy (XPS) measurements were done using an 
ESCALAB 250Xi (Thermo Fisher Scientific, USA). With a 
JSM-7800 F (JEOL, Japan), images for scanning electron 
microscopy (SEM) were taken. Photomicroscopy (TEM) 
images were captured using a JEM-2100 F (JEOL, Japan).

Using a three-electrode setup, cyclic voltammetry (CV), 
and differential pulse voltammetry (DPV) were performed 
as electrochemical analyses on a CHI660E Electrochemical 
Workstation (CH Instruments, USA). A working electrode 
(bare or modified GCE), a reference electrode (Ag/AgCl, 
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with water. The finished product was dried at 30  °C in a 
vacuum oven.

Citrate was used to create Ag NPs as a reducing and sta-
bilizing agent [29]. After heating 50 mL of a 1 mM AgNO3 
solution, 50 mL of a 1 mM anhydrous trisodium citrate 
solution was added dropwise while stirring continuously at 
boiling temperature. This resulted in a pale-yellow mixture 
that exhibited the synthesis of citrate-capped Ag NPs. Sub-
sequently, the light-yellow liquid was stirred for 20 min at 
80 °C, resulting in a light orange suspension that suggested 
the production of silver nanoparticles.

A suspension of c-MWCNTs containing 0.5 weight% 
isopropanol was made by ultrasonography for a duration 
of one hour. To guarantee thorough coverage, 50 µL of the 
c-MWCNTs suspension was drop-casted onto a spotless 
GCE surface. The electrode was then left to dry for three 
hours at room temperature. Then, to obtain Ag NPs/c-
MWCNT/GCE, 10 µL of an Ag NPs suspension was drop-
cast on the prepared c-MWCNT/GCE and allowed to cure 
at room temperature for 10 h.

Real sample preparation

We purchased our tomatoes from a nearby market. To get rid 
of any surface impurities, distilled water was used to cor-
rectly wash each tomato. After that, about 300 g of the fresh 
tomatoes were roughly cut into little bits. Using a blender, 
the diced tomatoes were made uniformly smooth. After the 
material had been homogenized, 50 mL of 0.1 M PBS was 
added to a beaker. At room temperature, the mixture was 
swirled for thirty minutes. The mixture was stirred and then 
filtered using Whatman No. 1 filter paper. Before being sub-
jected to an electrochemical study, the filtrate was collected, 
centrifuged for five minutes, and then kept at 4 °C.

Results and discussion

Structure and morphology

Ag NPs/c-MWCNT/GCE SEM picture is shown in Fig. 2. 
The typical diameter of a c-MWCNT is about 85 nm, and 
these c-MWNTs are long bundles with a smooth surface. 
Ag nanoparticles of various sizes are spherical and well-
adorned on the surfaces of the c-MWNTs, as shown in the 
Ag NPs/c-MWCNT/GCE SEM picture. The surface area of 
the c-MWNTs is increased by the nanoparticle decorating, 
which can boost the material’s electrochemical performance.

To further verify that there were silver particles in the 
product, XRD was used. The XRD results for the Ag 
NPs/c-MWCNT and c-MWCNT are shown in Fig. 3a. Ag 
(111), Ag (200), Ag (220), and Ag (311), the four primary 

3  M KCl), and a counter electrode (platinum wire) were 
usually included in this arrangement. The CV measure-
ments were performed at 20mV/s scan rate. A 20-mV pulse 
amplitude, a 50 ms pulse width, and a 2-mV step increment 
were utilized for the DPV experiments. 0.1 M PBS was the 
electrolyte utilized in the electrochemical analyses. With the 
use of a pH meter (pHS-3 C, Shanghai REX Instrument Fac-
tory, China), the pH of the PBS solution was measured and 
brought to 7.4. A battery of exacting tests was used to vali-
date the sensor’s performance. In order to determine the link 
between the sensor’s response and the CBS concentration, 
calibration procedures were first performed using known 
concentrations of CBS. Using DPV to analyze the sensor’s 
response, it was discovered that, within a specific range, the 
peak current increased linearly with the CBS concentration, 
suggesting satisfactory calibration. Second, the selectivity 
of the sensor was assessed by seeing how it responded to 
CBS in the presence of possible interfering agents. The sen-
sor’s exceptional selectivity was demonstrated by a notice-
ably stronger response to CBS than the interferents. Finally, 
utilizing common reference materials, the sensor’s perfor-
mance was further verified. The sensor’s accuracy was con-
firmed when it was discovered that the CBS concentrations 
it measured agreed well with the verified values of the stan-
dard reference materials.

Preparation of Ag NPs/c-MWCNT/GCE

0.5 g of MWCNTs were evenly dispersed in 20 mL of a 3:1 
volume ratio mixed solution of H2SO4 and HNO3 [28]. The 
concoction was stirred for an hour at 70 degrees Celsius. 
The mixture was then diluted with deionized water. After 
centrifugation, the carboxylated MWCNTs (c-MWCNTs) 
were extracted from the mixture and repeatedly washed 

Fig. 2  FESEM image of Ag NPs/c-MWCNT/GCE
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1s XPS study of MWCNTs and c-MWCNTs is shown in 
Fig.  3c. Four peaks at 283.8, 284.9, 285.8, and 288.0  eV 
can be fitted to the C1s spectrum of c-MWCNTs, and they 
are attributed to the hydroxyl carbon (C–O), sp2 carbon, 
sp3 carbon, and O = C–O functional groups, respectively 
[33, 34]. The development of carboxylate functional groups 
in the c-MWCNTs is showed by the absence of a C = O 
group in the MWCNTs and the presence of this group in 
the c-MWCNTs [35]. The c-MWCNTs’ solubility and dis-
persion in a range of liquids can be improved by this car-
boxylation. Ag 3d5/2 peak at 368.1  eV and the Ag 3d3/2 
peak at 374.1 eV are visible in the Ag3d XPS spectra of Ag 
NPs/c-MWCNTs (Fig. 3d), and they are ascribed to metallic 
Ag [36]. These results are entirely consistent with the data 
obtained by XRD and SEM.

crystallographic planes associated with the face-centered 
cubic structure Ag (JCPDS no-65–2871), were exhibited 
by the Ag [30]. The XRD peak of crystalline graphite-like 
structures’ C (100) plane was visible in the MWCNT [31, 
32].

A pristine MWCNTs sample devoid of carboxyl groups 
was used to generate a mesoporous Ag NPs/MWCNTs 
under the similar circumstances as the Ag NPs/c-MWCNTs 
in order to clarify the purpose of the carboxyl groups on 
MWCNTs (c-MWCNTs). The XPS survey spectra of Ag 
NPs/c-MWCNTs, Ag NPs/MWCNTs, and c-MWCNTs are 
shown in Fig. 3b. A C1s peak at around 284 eV, an O1s peak 
at roughly 530  eV, and an Ag3d peak at roughly 372  eV 
can be seen in the XPS spectra of Ag NPs/c-MWCNTs 
from Fig. 3b, suggesting that the Ag NPs/c-MWCNTs con-
tain C, O, and Ag, respectively. While C and O come from 
c-MWCNTs, Ag comes from metallic nanoparticles. The C 

Fig. 3  (a) XRD results for the 
c-MWCNT and Ag NPs/c-
MWCNT, and (b) XPS survey 
spectra of c-MWCNTs, Ag 
NPs/c-MWCNTs, and Ag NPs/
MWCNTs, (c) C 1s XPS analysis 
of Ag NPs/c-MWCNTs, and Ag 
NPs/MWCNTs, (d) Ag3d XPS 
spectra of Ag NPs/c-MWCNTs, 
and Ag NPs/MWCNTs
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Similar to aminocarb, carbosulfan can hydrolyze quickly 
if an unstable carbamate cation radical changes. A methyl-
amine and a dimethylaminophenol cation radical may be 
produced as a result of this method [40, 41]. Given that car-
bosulfan and aminocarb have similar structures and levels of 
reactivity, the rate of this reaction may be faster for carbosul-
fan than for zectran [40, 42]. Dimethylbenzoquinoneimine 
might then be shaped by a second spontaneous oxidation of 
the result, phenol [40, 43]. Improved electrochemical per-
formance could result from this two-step oxidation process 
by increasing the peak current for the oxidation of the ana-
lyte on the Ag NPs/c-MWCNTs/GCE surface. According to 
the proposed mechanism, one of the most important factors 
in enhancing the electrode’s determination response is the 
carboxylation of MWCNTs in relation to the electrodes’ CV 
responses. The MWCNTs’ carboxyl groups improve their 
solubility and dispersion in a range of solvents, which makes 
it easier for Ag NPs to adhere to them and increases the effi-
ciency of electron transmission [44, 45]. Thus, improving 
the electrochemical performance of Ag NPs/c-MWCNTs/
GCE needs carboxylation of MWCNTs.

Influence of pH and optimization of synthesis 
parameters

Under various pH settings, the electrochemical behav-
ior of Ag NPs, c-MWCNTs, and GCE towards CBS was 

Electrochemical studies

The c-MWCNTs’ solubility and dispersion in a range of liq-
uids can be improved by this carboxylation. Ag 3d5/2 peak 
at 368.1 eV and the Ag 3d3/2 peak at 374.1 eV are visible in 
the Ag3d XPS spectra of Ag NPs/c-MWCNTs (Fig. 3d), and 
they are attributed to metallic Ag0 [37]. The cyclic voltam-
mograms of electrodes in 0.1 M PBS, which contains a 25 
µM CBS solution, are displayed in Fig. 4b. At a potential 
of 0.30 V, a low-intensity redox peak for GCE can be seen, 
which is connected to the oxidation of CBS. At 0.29 V, the 
c-MWCNTs/GCE shows a more pronounced peak. Ag NPs/
MWCNTs/GCE and Ag NPs/c-MWCNTs/GCE had dif-
ferent, higher current oxidation peaks for CBS at 0.27  V 
and 0.28 V, respectively, and a typical oxidation peak for 
Ag0/Ag+ on their CVs. This implies that Ag NP binding to 
MWCNT walls enhances the oxidation peak current and 
makes a quick electron transport channel [38]. Ag NPs’ 
effective electron transfer and MWCNTs’ simple function-
alization in Ag NPs/c-MWCNTs /GCE combine to produce 
a large amount of electrocatalytic activity for the simulta-
neous measurement of CBS [39]. In contrast to Ag NPs/
MWCNTs/GCE, the Ag NPs/c-MWCNTs/GCE exhibits a 
higher peak current for the analyte’s oxidation. The carbox-
ylation of the MWCNTs is responsible for this increase in 
peak current, which also enhances the electrode’s determi-
nation response.

Fig. 4  cyclic voltammograms of various electrodes in 0.1 M PBS at a pH of 7.2 (a) before and (b) after addition 25µM CBS solution in electro-
chemical cell
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the synthesis conditions in order to improve the Ag NPs/
c-MWCNTs/GCE electrochemical performance towards 
CBS. The findings also highlight how important pH is in 
determining how the electrode behaves electrochemically.

Electrochemical Analysis of CBS using the ag NPs/c-
MWCNTs/GCE electrode

In 0.1  M PBS, the electrochemical behavior of Ag NPs, 
c-MWCNTs, and GCE in response to different CBS concen-
trations was investigated. The DPV response at Ag NPs/c-
MWCNTs/GCE at CBS concentrations ranging from 0 to 
726 µM is revealed in Fig. 6a. when can be seen, when the 
concentration of CBS rises, so does the oxidation peak cur-
rent. In Fig. 6b, the peak currents that correlate with various 
CBS concentrations are extracted and shown. It’s important 
to remember that many experiments (n = 4) were utilized to 
calibrate the artificial sensor for CBS detection. Peak current 
and CBS concentration show a strong linear connection from 
1 to 726 µM; the fitting equation is y = 0.31317x + 0.98651 
(R2 = 0.99983). The constructed sensor has a sensitivity of 
0.31317 µA/µM and a detection limit (LOD) of 0.009 µM 
(S/N = 3). Table  1 provides a summary of these findings 
and compares them with earlier research utilizing different 
active nanomaterials. According to the data, the created Ag 
NPs/c-MWCNTs/GCE exhibits better electrochemical per-
formance throughout a wide range of CBS concentrations, 
with a noticeably reduced detection limit. The porous struc-
ture of the Ag NPs/c-MWCNTs, which offers more active 
sites, and the anchoring Ag NPs, which are essential cata-
lysts in the redox process, are responsible for this improved 
performance. This shows that the Ag NPs/c-MWCNTs/
GCE’s low detection limit and great sensitivity for CBS are 
mostly due to their design and manufacture. With a notably 

investigated. The peak current values from the CV curves 
at Ag NPs/c-MWCNTs/GCE for the oxidation of 25 µM 
CBS over a pH range of 3.0 to 8.5 (0.1 M PBS) are shown 
in Fig.  5a. Peak currents for CBS indicate that the pH 
increased from 3.0 to 7.2 and then decreased from 7.2 to 
8.5. For the following investigations including the electro-
chemical detection of CBS, a pH value of 7.2 was selected 
because of the physiological context and enhanced electro-
chemical performance.

The impacts of different parameters in the electrode man-
ufacturing process, such as the quantities of c-MWCNTs 
and Ag NPs, were examined in order to optimize the detec-
tion sensitivity of the Ag NPs/c-MWCNTs/GCE for CBS. 
By creating the Ag NPs/c-MWCNTs/GCE using vary-
ing volumes of c-MWCNTs suspension (5-100µL), the 
impact of the c-MWCNTs quantity was investigated. The 
peak current response of the CV of Ag NPs/c-MWCNTs/
GCE is shown in Fig. 5b, which illustrates the effect of the 
c-MWCNTs suspension volume. The peak current was mea-
sured for CBS oxidation at a potential of 0.27 V in a 0.1 M 
PBS solution containing 25 µM CBS. As the volume of the 
c-MWCNTs suspension increases, the electrocatalytic cur-
rent increases as well, improving the conductivity of the 
electrode. Nevertheless, the electrocatalytic current drops 
below a volume of 50 µL. Additionally, Fig. 5c displays how 
the peak current response of the Ag NPs/c-MWCNTs/GCE 
CV is affected by the suspension volume of Ag NPs. The 
findings show that the largest peak current for the prepared 
Ag NPs/c-MWCNTs/GCE is obtained when 10 µL of an Ag 
NPs suspension is drop-cast onto the prepared c-MWCNT/
GCE. Consequently, the ideal conditions for preparing Ag 
NPs/c-MWCNTs/GCE were determined to be 50 µL of the 
c-MWCNTs suspension and 10 µL of an Ag NPs suspen-
sion. These results emphasize how crucial it is to refine 

Fig. 5  The effect of (a) of pH values of PBS, and effect of (b) amounts of c-MWCNTs suspension and (c) amounts of Ag NPs suspension in prepa-
ration procedure of electrode on the obtained CV peak current currents of Ag NPs/c-MWCNTs/GCE in 0.1 M PBS containing 25 µM CBS solution
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Table 1  Analytical properties of CBS sensor in current study and the sensors found in the literature
Detection method Type of electrode Linear range (µM) LOD (µM) Ref.
DPV Ag NPs/c-MWCNTs/GCE 1–726 0.009 present study
DPV MnO2 and graphene nanoplatelets/screen printed carbon electrode 50–600 14.90  [15]
CV Pt/ZnO/ acetylcholinesterase /Chitosan bio-electrode 0.005–0.030 0.00024  [17]
LSV Ceria nanospheres decorated platinum electrode 0.005–0.030 0.045  [18]
SW-AdCSV hanging mercury drop electrode 0.005–0.500 6 × 10− 4  [46]
HPLC --- 0.026–57.81 0.026  [47]
CA CeO2@NC-based sensor ---- 0.0033  [9]
MEC --- 1–50 4  [10]
LSV: Linear sweep voltammetry; CA: colorimetric assay; SW-AdCSV: square-wave adsorptive cathodic stripping voltammetry; MEC: micellar 
electrokinetic chromatography

Fig. 6  (a) The DPV response of Ag NPs/c-MWCNTs/GCE to varying concentrations of CBS in 0.1 M PBS, and (b) calibration plot
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rate, while the Ag NPs offer a significant surface area for the 
adsorption of CBS.

Seven different people created Ag NPs, c-MWCNTs, 
and GCEs using the identical conditions and procedures 
to test the reproducibility of these materials towards CBS. 
The analysis’s findings indicate that Ag NPs, c-MWCNTs, 
and GCE have good repeatability, with no discernible varia-
tion in the oxidation peak signals and a small fluctuation of 
roughly 4.05% in RSD on peak current. The produced Ag 
NPs/c-MWCNTs/GCE demonstrates good stability, anti-
interference, and reproducibility, suggesting that it may find 
use in real-world sample CBS monitoring. The consistency 
of the Ag NPs/c-MWCNTs/GCE surface and the homoge-
neity of the fabrication process are responsible for the good 
repeatability of Ag NPs/c-MWCNTs/GCE towards CBS.

Evaluation of real sample analysis

Utilizing the conventional addition approach, the electro-
chemical detection of CBS in prepared tomato samples was 
carried out in order to verify the operational performance 
and viability of the Ag NPs/c-MWCNTs/GCE for real sam-
ple analysis. Table 2 provides a full overview of the related 
outcomes. Interestingly, the measured concentrations of 
CBS based on Ag NPs/c-MWCNTs/GCE closely match 
the concentrations of CBS, showing a significant recovery 
between 97.00% and 99.33% with an RSD value between 
3.42% and 4.52%. This result proposes that the Ag NPs/c-
MWCNTs/GCE combination developed in this work has 
great potential for highly reliable CBS detection in biologi-
cal samples. The high recovery and low RSD, along with 
the observed strong agreement between the measured and 
CBS concentrations, highlight the Ag NPs/c-MWCNTs/
GCE’s accuracy and resilience for real sample analysis. The 
low RSD values show the consistency and repeatability of 
the analytical measurements, while the high recovery % 
indicates the developed electrode’s capacity to efficiently 
extract and quantify CBS from complex biological matri-
ces, such as tomato samples. All of these results support the 
Ag NPs/c-MWCNTs/GCE’s applicability and dependability 
for real-world applications, especially when it comes to the 
analysis of CBS in actual food and biological specimens.

Conclusion

In order to detect the carbamate insecticide CBS in food 
samples, this study successfully created a unique electro-
chemical sensor based on Ag NPs and c-MWCNTs modi-
fied GCE. The sensor’s sensitivity, selectivity, and stability 
were all greatly improved by the design, which took advan-
tage of the synergistic effects of Ag NPs and c-MWCNTs. 

smaller detection limit and a larger linear range than other 
sensors described in the literature, the Ag NPs/c-MWCNTs/
GCE sensor created in this study performs better electro-
chemically, as Table 1 illustrates. This illustrates how well 
our sensor design works and how important Ag NPs and 
c-MWCNTs are to improving the sensor’s functionality.

Interference, stability and reproducibility

Certain chemicals have the ability to interfere with the 
precise measurement of CBS in food samples. Thus, an 
analysis of the interference research utilizing the Ag NPs/
c-MWCNTs electrode for CBS detection was carried out. 
The resulting DPV peak at 0.27 V for the sequential addi-
tion of drugs with or without the CBS solution is shown 
in Fig. 7a. A 10-fold excess of putative interfering species 
(chlorpyrifos (CPF), malathion (MAL), permethrin (PMT), 
atrazine (ATZ), glyphosate (GLO), Cd2+, Pb2+, and Hg2+) 
was examined for the DPV response of 5 µM CBS in the 
PBS solution. No peak overlap was found. Furthermore, the 
DPV response shows only slight variations when the previ-
ously indicated interfering species are added one after the 
other in the electrochemical sensing of CBS. Furthermore, 
there was no appreciable change in DPV current for the 
substance’s solution at the changed electrode. This leads to 
the conclusion that, in the presence of a 10-fold excess of 
the required interferences, CBS can be accurately analyzed 
using Ag NPs/c-MWCNTs/GCE. The distinct electrocata-
lytic characteristics of the Ag NPs/c-MWCNTs electrode, 
which enable the precise identification and measurement 
of CBS even in the presence of substantial concentrations 
of interfering substances, are responsible for the observed 
selectivity in the detection of CBS among the possible inter-
fering species. The DPV response’s absence of peak overlap 
and the interference testing’s steady, small changes high-
light the electrode’s capacity to identify CBS with selectiv-
ity. For the accurate and trustworthy measurement of CBS 
in complex sample matrices, like food samples, where con-
tamination from other compounds is a regular difficulty, this 
strong selectivity is essential. It has been determined that 
Ag NPs, c-MWCNTs, and GCE have outstanding stability 
towards CBS. With a relative standard deviation (RSD) of 
2.38%, the DPV responses at Ag NPs/c-MWCNTs/GCE 
towards 5 µM CBS for 20 measurements indicate no dis-
cernible change in the current responses of CBS. The CBS 
electrochemical analysis at Ag NPs/c-MWCNTs/GCE was 
carried out at 5-day intervals, and the 30-day test showed 
outstanding stability in the current responses, with a cur-
rent decay of 4.62%. The synergistic effect of Ag NPs and 
c-MWCNTs is responsible for the remarkable stability of 
Ag NPs/c-MWCNTs/GCE towards CBS. The c-MWCNTs 
increase the electrode’s conductivity and electron transfer 
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possible drawbacks, like the difficulty of fabricating sen-
sors and the requirement for additional testing on different 
kinds of food or environmental samples. Notwithstanding 
these possible drawbacks, our research offers a significant 
starting point for the creation of efficient pesticide detec-
tion sensors. Because the study’s findings make it possible 
to identify pesticide residues in food more precisely and 

The proposed sensor had an extensive linear range of 1–726 
µM and a low detection limit of 0.009 µM, demonstrating 
excellent performance in terms of sensitivity, selectivity, 
and stability. An actual sample analysis of CBS in tomato 
samples was used to confirm the sensor’s performance, 
and the results showed a low relative standard deviation 
and high recovery %. However, there were also talks about 

Fig. 7  (a) The obtained peak current at 0.27 V from DPV response at 
Ag NPs/c-MWCNTs/GCE in 0.1 M PBS (pH 7.2) containing 5 µM 
CBS without and with 10-fold excess of potential interfering species, 
(b) Stability of DPV response at Ag NPs/c-MWCNTs/GCE in 0.1 M 

PBS holding 5µM CBS for 20 cycles. (c) Long-term stability measure-
ments at Ag NPs/c-MWCNTs/GCE repeatedly tested within 30 days. 
(d) Reproducibility measurements for seven Ag NPs/c-MWCNTs/
GCEs fabricated in the same condition and method
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offer insightful information about its potential limitations 
and practical usability.
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