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Simultaneous determination of omethoate and 

dichlorvos pesticides in grain samples using palladium 

and graphene composite modified glassy carbon 

electrode 

M. Siva Prasad, K. Krishnaveni, M. Dhananjayulu, V. Sreenivasulu and N.Y. Sreedhar*  

An electrochemical sensor based on palladium (Pd) and graphene (Gr) composite modified glassy carbon 

electrode (GCE) was fabricated, characterised and used for simultaneous determination of omethoate 

(OMT) and dichlorvos (DCV) in grain samples. The Pd/Gr/GCE was characterized by scanning electron 

microscopy (SEM) and cyclic voltammetry (CV). The modified electrode displayed greatly improved 

voltammetric response to OMT and DCV. Square wave voltammetry (SWV) was used for individual and 

simultaneous determination of OMT and DCV. The conditions were optimized such as pH of buffer, 

applied sample volume, accumulation potential, accumulation time, square wave frequency and step 

potential. The well defined reduction (OMT at C=O, DCV at C=C) peaks were obtained over the potential 

maximum at -0.50V and -0.80V in acidic medium in phosphate buffer solution for both OMT and DCV. 

The low current peaks were obtained over the concentration at 3.50×10-8M with detection limits 2.47×10-

10M and 3.28×10-10M for OMT and DCV respectively. The composite modified electrode showed good 

stability and reproducibility. Hence, the proposed method was successfully applied for the analysis with a 

great assure as an economical and simple sensor with furthermore a shorter analysis time. 

 

1. Introduction 

 
Nanostructured materials have received emergent welfares 

due to their unique chemical and physical properties, depending 

upon their size and shape.1 Graphene (Gr), a two dimensional carbon 

nanomaterial with outstanding physical and chemical properties, has 

become one of the most exciting topics of both fundamental science 

and applied research recently.2 As a counterpart of graphite with 

well separated 2D aromatic sheets, Gr possesses the high quality of 

the sp2 conjugated bond in the carbon lattice and has remarkably 

high electron mobility under ambient conditions with reported 

values.3 Moreover, Gr has a very large specific surface area with low 

manufacturing cost and excellent mechanical strength.4 

 

Even though palladium (Pd) itself has been proven to be a 

suitable catalyst for electrooxidation of alcohols in alkaline media, 

more efforts are needed for further improvement of electrocatalytic 

performance of Pd-based catalysts. Supporting on materials with 

large surface areas such as carbon black, activated carbon, carbon 

nanofibers and carbon nanotube is one approach.5-7 Palladium 

nanostructures are of great interest due to their invaluable excellent 

catalytic performance with the properties of lower cost, high 

efficiency and selectivity.8-12 A large number of carbon-carbon bond 

forming reactions in organic chemistry such as, Suzuki, Heck, Stille 

coupling, hydrogenation/dehydrogenation reactions, low temperature 

reduction of automobile pollutants and petroleum cracking all 

depend on the catalysts based upon Pd and its compounds.13-16 It was 

found that the combination of Pd nanostructures and carbon 

materials could enhance the stability and activity of the catalysts, 

such as carbon nanotubes, nanorods and the new emerging 

graphene.17,18 Muniyandi Rajkumar et al. reported the preparation of 

single step electrochemical fabrication of highly loaded palladium 

nanoparticles decorated chemically reduced graphene oxide and its 

electrocatalytic applications.19 Qiyu Wang et al. reported synthesis 

of flower-shape palladium nanostructures on graphene oxide for 

electrocatalytic applications.20 A number of scientists reported 

previously for the preparation of palladium and graphene composite 

modifies glassy carbon electrode in electrochemical applications.21-25 

 

The detection of organophosphorous compounds are of 

great practical importance and have received escalating interest. 

Omethoate (OMT) and dichlorvos (DCV) are one of the extensively 

used organophosphorous pesticides in India. It efficiently kills the 

insects in agriculture field craps. A large number of papers have 

been published for determination of omethoate by mass 

spectrometry- gas chromatography and voltammetry.26-35 Djenaine et 

al. reported electroanalytical method for determination of dichlorvos 

using gold-disk microelectrodes.36 Yanhong bai et al. reported 

reduction of dichlorvos and omethoate residues by O2
 plasma 

treatment.37 Yugui tao et al. reported simultaneous determination of 

omethoate and dichlorvos by capillary electrophoresis.38 

Nevertheless, to the best of our knowledge, there is no 

electroanalytical report concerning the simultaneous determination 

of OMT and DCV using palladium and graphene nanocomposite 

modified glassy carbon electrode. 

 

Due to the advantages of Gr and Pd nanoparticles and their 

synergistic effects, the Pd/Gr nanocomposite modified electrode was 

prepared and exhibited better electrochemical performances. The 

developed voltammetric sensor was successfully applied for the 

simultaneous determination of OMT and DCV with good 

electrocatalytic activity, high sensitivity, good repeatability, long 

term stability and low cost. 
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Fig.1 Molecular structure of OMT (A) and DCV (B)  

2. EXPERIMENTAL  

2.1. Apparatus  

 

Electrochemical studies were carried out by Autolab PG 

STAT101 supplied by Metrohm Autolab B.V. Netherlands. A three 

electrode system comprising of a glassy carbon electrode modified 

with palladium (Pd) and graphene (Gr) composites served as a 

working electrode. Saturated Ag/AgCl/KCl as a reference electrode 

and Pt wire as a counter electrode. Electrode surface morphology 

study was carried out by Scanning electron microscopy (SEM) 

instrument model OXFORD INCA PENTA FETX3 CARL ZEISS 

from Japan. An Elico LI-120 pH meter supplied by Elico Ltd, 

Hyderabad, India was used to determine the pH of the buffer solution. 

 

2.2. Chemicals and reagents 

 OMT and DCV were purchased from Siddarth.Inc. 

Hyderabad, India and their stock solutions were prepared in 

methanol. Phosphate buffer solution (PB) of different pH values 

were prepared by mixing standard solutions of 0.1M NaH2PO4 and 

0.1M Na2HPO4 and adjusting the pH with 0.1M H3PO4 or 0.1M 

NaOH. All solutions were filtered through a 0.45 µm membrane 

filter and then degassed by sonication and evacuation. All chemicals 

were of analytical reagent grade and all the aqueous solutions were 

prepared with redistilled deionised water. These solutions were 

stored in the dark at 4°C.  

 

2.3. Sample preparation of OMT and DCV in grain samples 

 

Known amounts of the standard solutions of OMT and 

DCV were added to a 25 mL aliquot of grain samples (green peas 

and field bean from Tirupati, India) giving a final concentration of 

10µL of OMT and DCV. This sample was mixed with 10.0 mL of 

0.20 mol/L PB solution (pH 5.0). No further sample treatment was 

done. The OMT and DCV contents were determined by three 

successive additions of aliquots of the standard OMT and DCV 

solutions.  

 

2.4. Fabrication of Pd/Gr/GCE 

 

Prior to the electrodeposition process, the bare glassy 

carbon electrode was initially polished with 0.05 µM alumina 

powder using BAS polishing kit and ultrasonically cleaned in water 

for a minute. The electrode was then washed with double distilled 

water and utilized for further electrodeposition. Pd/Gr 

nanocomposite was fabricated on the GCE surface by a simple two-

step process. According to my previous paper we prepared Gr 

solution was drop casted on the pre-cleaned GCE and dried in an air 

oven at 30°C.39 Then the Gr modified GCE was shifted to an 

electrochemical cell with 10 mL of 0.5 M H2SO4 containing 1 mM 

H2PdCl4. Consecutive cyclic voltammograms were recorded in the 

potential range between 1.0V to −1.0V vs Ag/AgCl/KCl reference 

electrode at the scan rate of 100mV/s in 100 sec. deposition time, to 

obtain stable voltammograms. But well defined redox 

voltammograms were obtained at potential -0.25V and 0.25V in 

0.5M H2SO4 solution. The resulting modified electrode is denoted as 

Pd/Gr nanocomposite film modified GCE was then rinsed with 

double distilled water and used for further electrochemical studies. 

The electrode modification process and consecutive cyclic 

voltammograms are shown in Fig.2A &2B. 

 

 

Fig. 2A Schematic graphical representation of fabrication 

 of palladium and graphene nanocomposite on the 

 surface of the glassy carbon electrode. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2B Electrodeposition of Pd nanoparticles on Gr/GCE 

from 0.5 M H2SO4 containing 1.0mM H2PdCl4, 

potential scan between -1.0V to 1.0V for three 

consecutive cyclic voltammograms at the scan rate of 

100 mV/s. 
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3. RESULTS AND DISCUSSIONS  
3.1. Characterisation of Pd/Gr/GCE 

The cyclic voltammograms (CV) shows the electrode 

deposition process of Pd nanoparticles on Gr/GCE surface, which 

begins at the positive potential of 1.0 V and ends at the negative 

potential of -1.0V, shown in Fig. 3. Now, the oxidation peak of Pd 

particles occur at the potential of 0.25V and the reduction process 

takes place at the -0.25V. The fabricated Pd particles are oxidized 

and to form a Pd oxide layer at 0.25V on the electrode surface. After 

that the existing Pd oxides are reduced on the negative scans, 

because of hydrogen adsorption process. Throughout this repetitive 

cycling process, the reduction and oxidation peaks of the Pd particles 

were clearly growing on the Gr/GCE surface. It is obvious to the 

modification of Pd nanoparticles on the surface of Gr/GCE. Pd/Gr 

was made with different volumes of H2PdCl4 from 1 mg to 5 mg and 

the voltammetric response towards the stability, at each volume was 

tested by use of CV in 0.5M H2SO4 solution at potential of 1.0V to            

-1.0V in 100 sec. (Fig.3). The outcome revealed that the amount of 

H2PdCl4 increased from 2.5 mg to 4.5 mg, the redox peak current 

enhance linearly and the formed Pd nanoparticles outfit tightly on 

the surface of Gr/GCE. Once raise the amount of H2PdCl4 after 5 mg 

the current response is drop off, so the surface of Gr/GCE becomes 

unstable caused by Pd nanoparticles are not fabricated and it is over 

loaded on Gr/GCE, it’s clearly shown in Fig.3 from cycle ‘c’ to 

cycle ‘a’. Therefore 2.5 mg to 4.5 mg of H2PdCl4 is preferred as the 

finest amount for fabricate Pd nanoparticles on the surface of 

Gr/GCE by cyclic voltammetry for electroanalytical application. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Cyclic voltammetric behaviour of Pd nanoparticles on 

Gr/GCE, different Pd wt%, 15 wt% (a), 25 wt% (b) 

and 35 wt% (c) in 0.5M H2SO4solution at scan rate 100 

mV/s. 

 

3.2. Morphological study 

 

The morphology and size of the Pd nanoparticles and 

Pd/Gr/GCE were examined by SEM analysis. Fig. 4A depicts the 

formation of Pd nanoparticles over the GCE surface.  Here, we can 

clearly see that the formed Pd nanoparticles were equally scattered 

on the surface of the GCE. Fig. 4B shows the SEM images of 

Pd/Gr/GCE which it clearly reflects that the Pd nanoparticles are 

homogenously binding up throughout the Gr/GCE and the 

distribution of the nanoparticles are almost uniform throughout the 

electrode surface. The immobilized Pd/Gr nanocomposite on the 

surface of the GCE remains stable and there is no deformation in 

shape. Finally from these results, it is evident that the size and 

morphology for the formation of Pd nanoparticles were uniformly 

attached on the Gr/GCE surface. 

 

 

Fig. 4 SEM images of (A) Pd nanoparticles on GCE surface and 

(B), Pd/Gr/GCE  

 

3.3. Simultaneous determination of OMT and DCV 

 Pd/Gr nanocomposite modified GCE could be directly 

employed for the simultaneous determination of OMT and DCV. In 

Fig. 5, square wave voltammetry curve ‘a’ represents the GCE 

response, curve ‘b’ for Pd/GCE nanocomposite film response, curve 

‘c’ represents the Gr/GCE  response and curve ‘d’ for the 

Pd/Gr/GCE response of simultaneous determination of OMT and 

DCV. Here we also comparing for the individual electrocatalytic 

reduction behaviour of the OMT and DCV at Pd/Gr/GCE. 

Comparing the Pd/Gr nanocomposite film with Pd nanoparticles, the 

Pd/Gr nanocomposite shows well define obvious electrocatalytic 

peaks for the determination of OMT and DCV. At the same time, 

only Pd nanoparticle modified electrode give two separate peaks 

which were not obvious like response found using Pd/Gr 

nanocomposite film. In this, OMT reduction takes place at around     

-0.45V and DCV around at -0.77V. Comparing these results, we can 

decide that the Pd/Gr nanocomposite film modification is more 

suitable for the simultaneous detection of OMT and DCV with the 

remaining electrodes. This may be due to the presence of Pd 

nanoparticles which acts as electroactive centres for the 

determination of these compounds. In addition, the presence of Gr as 

another layer enhances the peak current and potential shift supports 

the simultaneous determination of OMT and DCV. Subsequently, 

based on this framework, we conclude that the combination of Pd/Gr 

nanocomposite film is more suitable for these type of analysis.19,21  

 

Fig. 5 SWV obtained under the optimised parameters in       

 0.2 mol L−1 PB solution (pH 5.0) for OMT and DCV 

 at (a) GCE, (b) Pd/GCE, (c)Gr/GCE and 

 (d)Pd/Gr/GCE, at  3.5×10-8M. 
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3.4. Effect of accumulation potential and time 

 

The influence of the accumulation potential on the SWV 

signal was deliberate with accumulation time 60 sec at Pd/Gr/GCE 

for 3.5×10-8M of OMT and DCV. It was observed that ip value for -

0.45V at pH 5.0 because of an increased accumulation rate due to the 

more positive alignment of molecules by the electric field at the 

electrode solution interface. Because of the surface adsorption of 

pesticide, the time effect of surface accumulation was investigated at 

potentials from -0.2V to -1.00V. It was found that the peak current 

of pesticide was not very much depended on the initial potential 

setting. But, it better quickly with extending time of the 

accumulation in the first 60 sec and then became constant afterward. 

The optimized accumulation time was selected as 60sec. 

 

3.5. Effect of pH  

 

The effect of solution pH on the response of OMT and 

DCV on Pd/Gr modified GCE was investigated at 3.5×10-8M as 

shown in Fig. 6. The cathodic peak currents of OMT and DCV 

increased slowly with increases pH from 2.0 to 5.0 (Fig. 6). At a pH 

higher than 5.0, the peak currents decreased quickly with increases 

pH from 5.0 to 10. Hence, the peak current becomes larger with the 

pH increasing from 3.0 to 5.0. However, at pH over 5.0, OMT and 

DCV may be become protonated as citations and they start to be 

reduced. Also, In DCV carbonyl containing functional groups at the 

Pd/Gr modified electrode may become protonated and possess 

negative charges at pH 5.0. Therefore, electrostatic repulsion 

between the analytes and the electrode might be one of the reasons in 

the decrease of the peak currents of OMT and DCV with the pH 

increasing from 5.0 to 10.0. The suggested electrode reduction 

process is a two proton and two electron transfers.40 In order to 

achieve high sensitivity, so pH 5.0 was chosen for the simultaneous 

detection of OMT and DCV. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6. Effect of the pH on the peak current of OMT and DCV 

at Pd/Gr/GCE in PB solution at 3.5×10-8M 

 

3.6. Analytical response of OMT and DCV 

 

The electrochemical performance of the Pd/Gr/GCE sensor was 

quantitatively analyzed by SWV under optimal conditions for 

aggregation using different concentrations of OMT and DCV 

individually. By means of the SWV optimised conditions, as 

previously described, the proposed Pd/Gr/GCE was applied to 

investigate the electrochemical response as a function of the OMT 

and DCV concentrations. All measurements were made in triplicate. 

The analytical response shown in Fig. 7, has a linear response in the 

range of 3.5×10-8M to 1.25×10-5M for both OMT and DCV. The 

results of these experiments individually are shown in Fig.8A &B. 

When the concentration of OMT and DCV were increased from 

3.5×10-8M to 1.25×10-5M, the reduction peak current increased 

linearly. The linear regression equation for this region was:            

Y= -60.857x+4.667, Y= -64.571x +1 with correlation coefficients of 

R2 = 0.9975, 0.9939 and a limit of detections (S/N = 3) are   

2.47×10-10 M and 3.28×10-10 M for OMT and DCV respectively. 

Thus, Pd/Gr/GCE has good electrocatalytic activity and adsorption 

capacity towards high concentrations OMT and DCV. 

Fig. 7 Simultaneous SWV responses of OMT and DCV at 

Pd/Gr/GCE in PB solution (pH 5.0) with increasing 

concentrations  (a-g) 3.5×10-8M to 1.25×10-5M. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8 SWV responses of OMT (A) and DCV (B) at 

Pd/Gr/GCE in PB solution (pH 5.0) with increasing 

concentrations  (a-g) 3.5×10-8M to 1.25×10-5M. 
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3.7. Pre-treatment of real samples 

 

A fresh grain samples (mean weight 5gm) was pulverised by a 

blender and was placed in a 250 ml volumetric flask. Because the 

concentration of pesticides in grain samples is too low for direct 

detection, 2.0 ml of each of the standard solutions of the pesticides 

were sampled by pipetting. This aliquot was transferred to a flask 

containing 50.0 ml ethanol and 50gm anhydrous sodium sulphate 

was added to remove any water. Addition of 0.5gm activated 

charcoal then facilitated the removal of interfering colouring matter. 

The mixture was shaken for 30 min and accordingly the 

organophosphorous pesticides in the grain samples were extracted 

into the methanol phase. The sample was filtered, 25.0 ml of the 

methanol solution was transferred into an evaporating dish and 

reduced by flowing nitrogen gas in a cell to 5 ml. This aliquot was 

diluted to 10 ml with distilled water. 

3.8. Determination of the pesticide in grain samples 

 

The familiar grains, green peas and field bean were chosen 

for analysis. Each sample of the grains was treated as described in 

the above and then 0.1 ml of the extract was transferred to the 

electrochemical cell for analysis. The calibration was selected for the 

analysis of the grain extracts. The results (Table 1) showed that 

values of the pesticides found in the grain samples were in the range 

of 3.5×10-8M to 1.25×10-5M and the procedure was further validated 

by standard addition of the given pesticides. This showed good 

recovery values in the range of 96.00% – 99.71%. 

 

Table 1. Recovery study of OMT and DCV in grain samples 

*Average of five determinations   

 

3.9. Calibration curves and limits of detection 

 

The individual pesticides were carried out according to the 

sample procedure. Calibration plots based on the dependence of the 

peak current on concentration were linear, and in addition to the 

parameters of the calibration models, the precision of determination 

for these compounds was also established by analysing five known 

solutions containing the lowest concentration on the calibration 

graph. The relative standard deviation (R.S.D) values obtained from 

0.78 to 2.24 % for OMT and DCV respectively. The detection limit 

values were found to be 2.47×10-10M and 3.28×10-10M for OMT and 

DCV respectively, which compare well with the detection limits, 

obtained previously.36-38 Thus, these results clearly indicate that the 

proposed electrochemical method of analysis is reliable for the 

determination of individual pesticides (Fig.8). However, it should be 

noted that the linear calibration relationships were observed only at 

the actual peak potential. These changes showed small progressive 

peak potential shifts to more negative values with increase in 

concentration. 

 

3.1.1. Reproducibility and stability 

 

The stability of the Pd/Gr/GCE was investigated by CV 

(Figure not shown). The Pd/Gr/GCE exhibits good measurement 

stability by consecutive 10 cycles of CV test, a little decrease of 

peak current was observed with increase of scanning cycle, but the 

reduction peak current retained 99 % of its initial current after it was 

tested by consecutive CV scan. This indicates that the Pd/Gr/GCE 

film did not unwrap from the surface of GCE through 10 times of 

CV cycles. The long term stability of the electrode was investigated 

by the CV measurement, after storage in the air, for one week at 

room temperature and the result shows that about 4% of its initial 

current was loss. The elevated stability of the film can be owing to 

the GCE was used as substrate which can improve the interaction 

force between GCE and high conductive particles of Pd, so the film 

can be strongly coated on the GCE; another reason is that graphene 

has good stability properties for immobilization of Pd.  

 

3.1.2. Interferences 

 

The coexisting substances were occupied into account for 

applications. In the study, 5µg of OMT and DCV was selected as a 

typical concentration. The liberal maximum concentration of the 

coexisting substance was determined, in which the substance caused 

Pd/Gr/GCE intensity change of approximately ±3. We also study the 

effect of the inorganic ions like NH4
+, Ca2+, Zn2+, Fe3+, SO4

2−, Cl-, 

Co3
2− and PO4

3− and found that they did not affect the results and 

some other organophosphorous pesticides, such as parathion-methyl, 

trichlorfon and dichlorvos, do not interfere. The interferences of 

some metal ions, such as Pb2+, Hg2+, Cu2+ and Ag+ can be removed 

by the alkaline hydrolysis procedure.26 In our study, other 

organophosphorous pesticides in this optimized condition are hardly 

to be detected, so the method to determination of OMT and DCV is 

very perceptive. 

 

4. Conclusions 

 

A newly modified composite electrode was developed using 

palladium (Pd) and graphene (Gr) nanocomposite, which can be used 

for the simultaneous determination of OMT and DCV in grain 

samples. The Pd/Gr/GCE nanocomposite was successfully 

characterised by SEM and CV, which indicated that the Pd 

nanoparticles were supported on the Gr/GCE surface. Furthermore, 

the synergistic effect of the Gr and Pd nanoparticle yielded lower 

LODs and improved the reproducibility, repeatability and the 

sensitivity of the composite electrode for the simultaneous 

determination of OMT and DCV. Additionally, the electrode showed 

long-term stability. Finally, the Pd/Gr/GCE composite electrode can 

be an effective material for simultaneous electrochemical 

determination of OMT and DCV and also is an alternative material 

to be used in environmental analysis. 
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