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In this paper, a graphene oxide nanocomposite decorated with silver nanoparticles (Ag@GO) was used 

to modify a glass carbon electrode (GCE) as a nonenzymatic electrochemical sensor for detecting 

carbofuran (CF) in vegetable samples. According to surface morphology and crystal structure studies 

utilizing FESEM and XRD, the porous shape of the Ag@GO nanocomposite was generated by 

adorning the pure crystalline nature of the Ag NPs on the surface of GO sheets,. DPV and 

amperometry were used to investigate the electrochemical properties of the Ag@GO/GCE, revealing 

that the modified electrode can be used as a comparable or better sensor for selective CF detection 

among the most commonly found compounds in real samples of fruits and vegetables than other 

reported CF sensors. According to the results, the modified electrode can detect CF in a wide detection 

range of 1 to 1000 µM, with a lower detection limit of 10 nM. Furthermore, the Ag@GO/GCE was 

employed to determine CF in real celery and lettuce samples and displayed efficient sensing ability, 

demonstrating that the Ag@GO/GCE has outstanding CF determination accuracy in vegetables. 
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1. INTRODUCTION 

 

Carbofuran (CF; 2,3-dihydro-2,2-dimethylbenzofuran-7-ol methyl carbamate), also known as 

furadan or curaterr, is a carbamate ester and a member of the 1-benzofuran family that is widely used 

in agriculture and forestry as a broad-spectrum systemic insecticide to control insects and worms [1-3]. 

The CF's low persistence and broad biological activity are crucial factors in its replacement of 

organochlorine insecticides that linger in the environment for a long time [4-6].  

N-methyl carbamate, which is produced from carbamic acid and causes carbamylation of 

acetylcholinesterase at neural synapses and neuromuscular junctions, is involved in the mechanism of 
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action of CF [7, 8]. Thus, through the oral and inhalation routes of exposure, CF can affect the nervous 

system and cause weakness, breathing difficulties, sweating, cephalalgia, nausea, perspiration, 

vomiting, abdominal pain, dizziness, and blurred vision in humans, causing weakness, breathing 

difficulties, sweating, cephalalgia, nausea, perspiration, vomiting, abdominal pain, dizziness, and 

blurred vision [9, 10]. Higher levels can cause hypothermia, body tremors, muscular twitching, 

asciculations, loss of coordination, convulsions, and halted breathing, which can lead to death from 

respiratory failure [11, 12]. 

As a result, adequate, innovative, and effective approaches are required for determining and 

treating CF-contaminated fruits, vegetables, and wastewater [13, 14]. Many studies have been 

conducted to determine the CF level in CF-contaminated fruits, vegetables, and wastewaters through 

enzyme-linked immunosorbent assay (ELISA) [15], high-performance liquid chromatography [16], 

fluorimetry [17], gas chromatography [18], mass spectrometry [19], spectrophotometry [20], and 

electrochemical methods [21-26]. Between these approaches, electrochemical methods are quick, low-

cost, and sensitive. Furthermore, in electrochemical approaches, the ability to promote and modify the 

electrode surface can improve the efficiency and selectivity of CF sensors. However, finding the right 

composition to increase the sensor's detection limit and liner range is crucial for use in fruit, 

vegetables, and wastewater samples. As a result, our research focused on the synthesis of Ag@GO 

nanocomposite modified GCE for CF detection in vegetable samples. 

 

2. EXPERIMENTAL 

2.1. Preparation of modified electrode 

Prior to modification, the GCE was polished for 15 minutes on a micro-cloth pad with alumina 

powders (1.0 and 0.3 m, Hebei Suoyi New Material Technology Co., Ltd., China), then rinsed 

thoroughly with deionized water and ethanol, respectively, and dried in the air at room temperature. 

The Ag@GO nanocomposite was made in the following way [27], 160 ml NH4 (40 wt%, Sigma-

Aldrich) was gradually mixed with 20 ml of 0.02 M AgNO3 (≥99.0%, Sigma-Aldrich) solution using 

magnetic stirring, the stirring was continued to reach obvious solution, demonstrating to formation of 

silver ammonia complex [Ag(NH3)2OH] [28]. Following that, 1 gram of GO (99.0%, Luoyang 

Tongrun Info Technology Co., Ltd., China) was ultrasonically added to the solution. For the reaction 

to proceed, the resulting suspension was microwave irradiated at 100 W for 120 seconds. After the 

reaction was completed, the mix was centrifuged for 5 minutes at 2000 rpm. The precipitate was 

cleaned multiple times with deionized water. 5 mL of Ag@GO nanocomposite was sprayed onto the 

GCE surface, air-dried, and used for electrochemical experiments right away. 

 

2.2. Real sample preparation 

The celery and lettuces were sliced into little pieces and provided by a local store. 10g of each 

sample was homogenized in a stainless steel blender before being ultrasonicated for 1 hour. The 

samples were then centrifuged for 10 minutes at 1000 rpm. The supernatants were then collected and 
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sprayed with a 2M CF concentration before being diluted to 10 mL in 0.1 M PBS (pH 7.4). For 

determination recovery and RSD values, the conventional addition approach was used. 

 

2.3. Characterization of morphology, crystal structure and electrochemical properties 

Field emission scanning electron microscopy (FESEM; JEOL, JSM-6700F, Japan) was used to 

examine the surface morphology of GO and Ag@GO nanocomposite. X-ray diffractometer (XRD; 

Bruker D8 DISCOVER, AXS GmBH, Karlsruhe, Germany) studies were used to investigate the 

crystallinity of GO and Ag@GO nanocomposite. DPV and amperometry techniques were used to 

investigate the electrochemical properties of Ag@GO/GCE in a conventional electrochemical cell that 

consisted of Ag@GO/GCE as the working electrode, platinum plate as the counter, and Ag/AgCl as 

the reference electrode, using a potentiostat-galvanostat (PGSTAT model 204 equipped with a module 

FRA32 M, Metrohm Autolab, Utrecht, The Netherlands). For DPV and amperometry measurements, a 

0.1 M phosphate buffer solution (PBS, Sigma-Aldrich) with pH 7.4 was employed as the electrolyte. 

 

3. RESULTS AND DISCUSSION 

3.1. Studies of surface morphology and crystal structure 

Figures 1a and 1b exhibit FESEM images of GO and Ag@GO nanocomposite changed GCE 

surface morphology. As observed in the SEM image of GO, there are smooth and thin sheet-like 

structures in a wave-like surface morphology that contain house-of-cards-type porous stacking 

structures. Because of the decoration of Ag NPs on the surface of GO sheets, the resultant porous 

morphology of the Ag@GO nanocomposite differs greatly from that of GO. As can be seen, a 

considerable number of Ag NPs in spherical shape are uniformly dispersed across the GO sheets. This 

porous shape can increase the electrode's effective surface area and analyte absorption capabilities [29, 

30]. Studies have also shown that Ag NPs can interact with the GO sheets through physisorption, 

electrostatic binding, or charge-transfer interactions [31, 32]. The average diameter of Ag NPs is 55 

nm. 

 

 

 

Figure 1. FESEM images of surface morphology (a) GO and (b) Ag@GO nanocomposite modified 

GCE. 
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Figure 2 shows the results of XRD examinations of GO and Ag@GO nanocomposite powders. 

The XRD pattern of GO reveals a distinct diffraction peak at 9.48°, which is attributed to the 

diffraction plane of GO (001) [33]. Additional diffraction peaks can be seen in the XRD pattern of 

Ag@GO nanocomposite at 38.18°, 44.06°, 64.34°, and 77.09°, which correspond to the development 

of face-centered cubic crystal phase of the metallic Ag with (11 1), (200), (220), and (311) reflections, 

respectively (JCPDS card no. 89-3722). The findings of the FESEM and XRD investigations show that 

the Ag NPs in the Ag@GO nanocomposite coated the GO sheets in a pure crystalline state. 

 

 

  
 

Figure 2. Result of XRD analyses of powders of (a) GO and (b) Ag@GO nanocomposite 

 

3.2. Electrochemical Studies   

Figure 3 presents the findings of GCE, GO/GCE, and Ag@GO/GCE DPV measurements in 0.1 

M PBS (pH 7.4) in the absence and presence of 1 µM CF at a scan rate of 20 mV/s. Both GCE and 

GO/GCE show no peak in the absence of 1 µM CF, but Ag@GO/GCE shows an oxidation peak at 

0.41 V, which is related to the oxidation of Ag0 to Ag+ ions [34, 35]. In the presence of 1 µM CF, the 

DPV curves of GCE, GO/GCE and Ag@GO/GCE illustrate an oxidation peak at 0.20 V, 0.17 V and 

0.10 V, respectively. It suggests that the CF oxidation mechanism involves hydrolysis of CF to 

carbofuran phenol an electrochemical active compound, and that the electrochemical oxidation of 

carbofuran phenol to a phenolic derivative of CF [36-38]. Comparison between the oxidation peak 

current of electrodes reveals that GO/GCE has lower potential and higher sensitivity to oxidation CF 

than that GCE because of the higher specific surface area of GO nanosheets, higher porosity and 

electrical conductivity of GO modified GCE [39, 40]. Furthermore, GO has several oxygen functional 

groups, including hydroxide and epoxide groups on the basal plane and carbonyl and carboxyl groups 

on the margins, which cause GO to behave as polar molecule adsorption sites [41, 42]. Moreover, 

compared to GO/GCE, Ag@GO/GCE has a lower potential and a higher sensitivity to oxidizing CF, 

showing that decorating Ag NPs on GO nanosheets increases electrode responsiveness. Ag NPs, which 

give additional charge carriers and ion transport channel ways, are thought to improve electrical 
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conductivity and porosity [43, 44], and the resulted nanocomposite could possess a greatly expanded 

and tuneable layered structure that provides channels for ions migration in electrochemical reactions 

[43, 45]. As a result, the Ag@GO nanocomposite's porous shape, conductivity, and polarity can 

enhance electrochemical response while lowering oxidation potential. 

 

 
 

Figure 3. Results of DPV measurements of (a) GCE, (b) GO/GCE and (c) Ag@GO/GCE in 0.1 M 

PBS (pH 7.4) in absence (dashed lines) and presence (solid lines) of 1 µM CF at scan rate of 20 

mV/s. 

 

 

 Figure 4 displays the amperometric response and calibration plot of Ag@GO/GCE during the 

successive addition of CF at regular intervals of 30 s into 0.1 M PBS (pH 7.4) at a potential of 0.10 V. 

As observed, with each addition of CF, the Ag@GO/GCE response is fast, and the amperometric 

current signal increases linearly while CF concentration increases in the range of 1 to 1000 µM with a 

correlation coefficient of 0.99925. The linear relationship is obtained as [46]: 

 

I (µA) = 0.28949 [CF] (µM) + 0.06111   (1)  

 

The sensitivity and limit of detection (LOD) values are calculated to be 10 nM and 

0.28949µA/µM, respectively. Table 1 shows the sensing performance obtained from this investigation 

and other reported work in the literature. The Ag@GO/GCE performance is comparable to or better 

than that of other previously reported CF sensors, which can be related to the high electron transfer 

rate and robust electrocatalytic activity of the basal and edge structural defects on GO sheets [47]. It 

indicates that the incorporation of high conductive Ag NPs between GO sheets promotes the 

electrochemical signal. Ag NPs provide a bridge effect between the GO and GCE surface and improve 

the charge transfer rate [48, 49]. 
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Figure 4. Amperometric and calibration plot of Ag@GO/GCE during the successive addition of CF at 

regular intervals of 30 s into 0.1 M PBS (pH 7.4) at potential of 0.10 V. 

 

 

 Table 1. The obtained sensing performance of this study and the other reported work in the literature.  

 

Electrode 

  
Techn

ique 

LOD         

(nM) 

Linear 

range       

(µM) 

Ref. 

Ag@GO/GCE AMP 10 1−1000 This 

work 

Anti-carbofuran monoclonal antibody/silica sol-

gel/GCE 

CV 1.5 226–904 [23] 

Au NPs@ RGO /GCE DPV 20 0.05−20 [21] 

Gadolinium sulfide/RGO/ GCE CV 12.8 10-3–1381 [22] 

CoO decorated RGO DPV 19 0.5–200 [24] 

Ni NPs/ionic liquid /GCE CV 500 5.0–305 [50] 

Heated screen-printed carbon electrode DPV 50 0.4–400 [51] 

Isolated endophytic fungus Eupenicillium shearii 

FREI-39 esterase/ MWCNTs/ halloysite,  

SWV 7.6 0.022–

0.452 

[52] 

Acetylcholinesterase/Fe3O4– chitosan /GCE SWV 3.6 0.005–0.09 [53] 

Hemin and nickel (II)/octabutoxy-29H, 31H-

phthalocyanine complex /carbon paste  electrode   

FIA 1700 50−1000 [54] 

Poly(3,4-ethylenedioxythiophene)/polystyrene 

sulphoanate/GO 

LSV 100 1–90 [55] 

AMP: Amperometry; SWV: Square wave voltammetry; FIA: Flow-Injection Analysis; LSV: Linear 

sweep voltammetry   

 

 Table 2 shows the results of interference studies of Ag@GO/GCE to determine CF using 

amperometric analysis in 0.1 M PBS (pH 7.4) at a potential of 0.10 V. These measurements included 
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investigation of the amperometric response of the proposed electrode to determination of CF and a 5-

fold of the most commonly found compounds in real samples of fruits and vegetables [24, 56, 57]. 

Findings illustrates that the sensor's response to CF is significantly more than that  interfering 

substances, and the negligible response is observed to additional interference compounds, indicating 

that the substances presented in Table 2 do not interfere with CF determination. Thus, the present 

sensor could be used for the rapid and selective detection of CF.  

 

  

Table 2. Results of study the interfering effect of most commonly found compounds in real samples of 

fruits and vegetables on the amperometric determination of CF using Ag@GO/GCE at 

potential of 0.10 V under in 0.1 M PBS (pH 7.4). 

 

Substance Added (µM) Amperometric signal (µA)  RSD (%) 

CF 1.00 0.29 ±0.0373 

Ascorbic acid 5.00 0.03 ±0.0081 

Leucine 5.00 0.04 ±0.0021 

3-

hydroxycartbofuran 

5.00 0.04 ±0.0018 

Xanthine 5.00 0.05 ±0.0029 

Hydroquinone 5.00 0.01 ±0.0014 

Tartrate 5.00 0.02 ±0.0013 

Glucose 5.00 0.01 ±0.0015 

Guanine 5.00 0.03 ±0.0008 

Catechol 5.00 0.01 ±0.0019 

Caffeine 5.00 0.03 ±0.0112 

Glycine 5.00 0.05 ±0.0038 

Bicarbonate 5.00 0.02 ±0.0045 

Carbaryl 5.00 0.07 ±0.0037 

Tartrate 5.00 0.02 ±0.0011 

Methiocarb 5.00 0.02 ±0.0016 

Ca2+ 5.00 0.02 ±0.0027 

Cu2+ 5.00 0.03 ±0.0029 

K+ 5.00 0.02 ±0.0070 

Na+ 5.00 0.01 ±0.0037 

SO4
2– 5.00 0.03 ±0.0011 

Mg 2+ 5.00 0.02 ±0.0013 

Al 3+ 5.00 0.03 ±0.0022 

Zn2+ 5.00 0.01 ±0.0019 

CO2– 5.00 0.02 ±0.0033 

NO– 5.00 0.03 ±0.0073 

SO2– 5.00 0.02 ±0.0009 

F– 5.00 0.04 ±0.0011 

Cl– 5.00 0.07 ±0.0055 
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3.3. Analysis of real samples 

Using an amperometric approach at a potential of 0.10 V in prepared 0.1 M PBS (pH 7.4) and 

real samples of celeries and lettuces, the practical capacity of Ag@GO/GCE to detect CF in prepared 

genuine samples of celeries and lettuces was assessed. Figures 6a and 6b illustrate amperometric 

measurements and corresponding calibration plots of genuine samples of celeries and lettuces in 

prepared 0.1 M PBS with progressive additions of CF solutions, respectively. The CF concentration in 

prepared 0.1 M PBS with genuine samples of celery and lettuce is 1.03 µM and 1.02 µM, respectively, 

as seen in the calibration graphs in Figures 6a and 6b, meaning that the CF content in pure real samples 

of celeries and lettuces is 2.06 µM and 2.04 µM, respectively. These concentrations are quite close to 

the first CF solution concentration sprayed on samples during the preparation process. As a result, the 

CF levels in the celery and lettuce samples were assessed to be 0.06µM and 0.04µM, respectively. The 

obtained recovery (95.66% to 97.60% for celeries and 93.00% to 99.00% for lettuce samples) and RSD 

(3.21% to 4.44% for celeries and 2.33% to 4.19% for lettuce samples) indicate that the Ag@GO/GCE 

has excellent CF determination accuracy in vegetables, as shown in Table 3. 

 

 

 
Figure 6. Amperometric measurements and related calibration plots of Ag@GO/GCE to addition of 

CF solution at potential of 0.10 V in prepared 0.1 M PBS (pH 7.4) with real samples of (a) 

celeries and (b) lettuces. 

   

Table 3. Analytical findings of determination of CF in the celeries and lettuces samples 

 

Sample added(µM) Found(µM) Recovery(%) RSD(%) 

Celery 1.00 0.96 96.00 3.21 

2.00 1.95 97.50 2.39 

3.00 2.87 95.66 4.22 

4.00 3.90 97.50 4.44 

5.00 4.88 97.60 3.87 

Lettuce 1.00 0.93 93.00 2.33 

2.00 1.90 95.00 2.79 

3.00 2.97 99.00 3.41 

4.00 3.89 97.25 4.19 

5.00 4.92 98.40 3.79 
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4. CONCLUSION 

 

The measurement of CF in vegetable samples was proposed in this work using an effective 

surface design based on Ag@GO/GCE as an electrochemical sensor. According to the results of 

surface morphology and crystal structure research, the porous morphology of the Ag@GO 

nanocomposite was generated on the GCE surface by adorning the pure crystalline nature of Ag NPs 

on the surface of GO sheets. According to electrochemical experiments, the proposed electrode can be 

employed as a comparable or better sensor than existing reported CF sensors for selective CF detection 

among the most frequently observed chemicals in real samples of fruits and vegetables. The modified 

electrode can detect CF in a wide detection range of 1 to 1000 µM, with a lower detection limit of 10 

nM, according to the results. Furthermore, the Ag@GO/GCE was used to determine CF in real 

samples of celery and lettuce, and it demonstrated efficient sensing ability. The RSD (3.21 to 4.44 

percent for celeries and 2.33 to 4.19 percent for lettuce samples) and recovery (95.66 to 97.60 percent 

for celeries and 93.00 to 99.00 percent for lettuce samples) values obtained using the standard addition 

technique demonstrated that the Ag@GO/GCE has excellent accuracy for CF determination in 

vegetables. 
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