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A novel nanosilver/nafion composite electrode was fabricated and used for sensing methyl parathion and
parathion for the first time. This electrode offers lower reduction potential and higher sensing current.
Reproducible response for four successive measurements was observed. The maximum sensing current
was obtained in 30 s for various concentrations of pesticides.
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1. Introduction

Organophosphorus pesticides are widely used in agricultural
production [1]. Their presence in water and food poses hazard to
human health [2]. Due to high toxicity of organophosphorus pes-
ticides, rapid detection of these toxic agents becomes increasingly
important for homeland security and health protection [3–5].
Analysis of these pesticides in an environment is routinely carried
out by using gas chromatography and mass spectrometry [6]. Such
analysis is generally performed at centralized laboratories, requir-
ing extensive labor, analytical resources and often results in a
lengthy analysis time. Biological methods such as immunoassay
have also been reported [7]. However, long analysis time and
extensive sample handling with multiple washing steps limit the
application under field conditions. So we need fast, reliable and
economically viable methods for their detection in the environ-
ment and also in the agro-food products. Electroanalytical sensors
are an alternative and viable method because of its compact nat-
ure, easy handling in field trials, low cost, low power requirements
and also produce selective responses within a very short time [8].
The voltammetric and amperometric methods have been used for
the determination of pesticides in crops, pharmaceutical products
and environmental samples [9–11]. Among the organophosphorus
pesticides, the nitro aromatic organophosphorus pesticides, such
as methyl parathion (MP) and parathion (P) exhibit good redox
activities at the electrode surface. Electrochemical reactions of
most of these pesticides show sluggish electrode kinetics [12], as
they are very large organic molecules, resulting electrode fouling.
ll rights reserved.
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This affects the performance of the electrode during electrochem-
ical measurements. In recent times this problem has been over-
come by applying suitable modifiers such as hexadecane [13],
clay [14], stearic acid [15], crown sol gel film [16], ZrO2 [17] and
bismuth film [18] on the electrode surface, hence improving the
performance of the electrode for methyl parathion and parathion
sensing. Nafion film modification gave a better selectivity and
mass transfer for parathion detection [19]. This polymer film
selectively preconcentrates the analyte of interest [20] thus
improving the sensitivity and the selectivity [21,22]. Metal and
semiconductor nanoparticles in the construction of sensing de-
vices have received considerable attention in recent years because
of its unique electrocatalytic, chemical and electrical properties
[23]. Silver nanoparticles deposited on the glassy carbon electrode
(GCE) produced better electro catalytic activity for the reduction of
hydrogen peroxide [24] and benzyl chloride [25]. Silver nanoparti-
cles have a higher reducibility than bulk silver and it shows a
higher electro reductive activity in the determination of thiocya-
nate [26]. In the present investigation, a novel approach was
adopted by electrochemical co-deposition of silver nanoparticles
with nafion film on GCE for the sensing of methyl parathion and
parathion. The silver/nafion co-deposited film on GCE offers better
properties than silver or nafion deposited individually. The silver/
nafion film on GCE is highly stable and gave reproducible results
for four successive electrochemical measurements. Cyclic voltam-
metry, differential pulse voltammetry and amperometry tech-
niques were used. The experimental results showed that the
nanosilver/nafion composite electrode not only exhibited strong
electro catalytic activity but also exhibited good reproducibility.
The reliability of the sensor was also checked with analytical data
obtained in HPLC method.
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2. Experimental

2.1. Instrumentation

Computer controlled Autolab PGSTAT 30 (Eco Chemie, Nether-
lands) electrochemical system was used. Silver/nafion coated GCE
(Tokai GC 3 mm diameter) served as a working electrode. Platinum
wire and saturated calomel electrode (SCE) served as the counter
electrode and reference electrode, respectively. X-ray diffraction
(XRD) patterns were recorded in a PANalytical diffractometer Mod-
el PW3040/60 X’pert PRO operating with Cu Ka radiation
(k = 0.15406 nm) generated at 40 kV and 20 mA. Scans were done
at 3� min�1 for 2h values between 20� and 90�. SEM was done with
a Hitachi Model S-3000H with 10 kV (acceleration voltage). HPLC
was done with an LC-10AT pump and SPD-10A detector (Shima-
dzu, Japan) at 254 nm with a Shimpack CLC ODS-18 column. Elec-
trochemical experiments were carried out in a 10 ml glass cell at
30 ± 1 �C. Prior to electrochemical measurements, the solutions
were deoxygenated by purging with pure nitrogen for 15 min.
2.2. Reagents

Methyl parathion and parathion were purchased from Accu-
Standard, USA. Stock solutions of methyl parathion (2070 lM)
and parathion (2540 lM) were prepared from methanol. Working
solution was prepared daily by dilution with Britton–Robinson
buffer (B–R) of pH 2.56. The B–R buffer solution of pH 2.56 was
prepared by adding 15 ml of 0.2 M sodium hydroxide solution into
100 ml of a mixed acid, containing 0.04 M of each boric, ortho-
phosphoric and acetic acids. Nafion (5 wt.% in aliphatic alcohols
and water mixture), were purchased from Sigma–Aldrich (St. Louis,
MO, USA). Silver nitrate and other reagents used were of analytical
reagent grade and double distilled water was used to prepare
solutions.
2.3. Preparation of silver/nafion modified GCE

The GCE was hand polished with the fine emery paper (1/0.2/
0.3/0.4/0) rinsed thoroughly with double distilled water and
cleaned successively in 10% NaOH solution, 1:1 HNO3–H2O (v/v)
and methanol, each for 2 min and dried in air. Nafion and silver
composite was deposited on GCE by using graphite plate as anode
and GCE as cathode by applying 1 V constant cell voltage for 2 min
from the solution containing 0.1 ml (5 wt.%) nafion and 10 ml of
1 mM silver nitrate with stirring. Modified GCE was washed with
water, dried in air and used.
3. Results and discussion

3.1. Surface morphology of silver/nafion composite modified GCE

SEM images of GCE and the modified GCE are shown in Fig. 1A,
B and C. From the figure, it can be found that in the absence of naf-
ion, silver particles are agglomerated (Fig. 1B) and there is no uni-
form deposition. From the Fig. 1C, it can be found that when silver
is deposited in the presence of nafion a uniform deposition is ob-
served. To determine the approximate crystallite size, XRD pat-
terns of the silver/nafion composite were obtained as shown in
Fig. 2. All XRD peaks are indexed with the JCPDS file [27]. The
two major peaks observed at 38.11� and 44.31� can be assigned
to the diffraction from the (1 1 1) and the (2 0 0) planes, respec-
tively, of the face-centered cubic lattice of Ag (0). The silver particle
size is calculated from the Scherrer equation [28]. The crystallite
size is found to be less than 50 nm.
3.2. Cyclic voltammetric response of MP and P at silver/nafion modified
electrode

Cyclic voltammograms were recorded for the addition of
10.2 lM methyl parathion. One sharp irreversible diffusion con-
trolled reduction peak was observed at �168 mV (Fig. 3d) at
100 mV s�1. Parathion possessed similar structure with methyl
parathion, reduced at �218 mV (Fig. 4). This single peak observed
is due to 4e� transfer reduction of nitro group into hydroxylamine
group [9]. The peak potential shifted 406 mV anodically and the
peak current increased by 71.13% for methyl parathion and the
peak potential shifted 242 mV anodically and current increased
by 33.59% for parathion at silver/nafion composite modified GCE
when compared with cyclic voltammogram obtained at bare GCE
under identical conditions. Only 20 mV anodic shift and 30% cur-
rent increase was reported during the reduction of methyl para-
thion at bismuth film modified electrode under similar
conditions [17]. The shift in the reduction potential is due to the
electro catalytic activity of the silver nanoparticles [22] and the in-
crease in current response is due to the presence of nafion film on
the electrode surface. Nafion has a structure of hydrophobic fluoro-
carbon chain and hydrophilic �SO3 groups, enables to attract the
protonated pesticides molecules [12,13] via the ion exchange mod-
el. The protonated form of pesticide molecules in acidic solutions
easily penetrate through the nafion membrane and reach the elec-
trode surface. Hence, the concentration of the pesticide molecules
near the electrode surface gets increased. As a result, the enhanced
reduction current is obtained. The enhanced current and the lower
reduction potential on silver/nafion composite GCE are qualita-
tively equal to those observed for electrodes coated with the indi-
vidual components (Fig. 3b and c). According to our best of
knowledge, there was no report for such a drastic potential shift
and current increase for the reduction of methyl parathion and
parathion. A linear relationship between the peak current and
the concentration was obtained. The detection limit 0.4515 lM
for methyl parathion and 0.00103 lM for parathion were esti-
mated (S/N = 3).
3.3. Differential pulse voltammetric (DPV) response of MP and P at
silver/nafion modified electrode

DPV was recorded with the following optimized instrumental
settings: modulation amplitude 40 mV, modulation frequency
30 Hz and modulation step 4 mV. Figs. 5 and 6 show the DPV re-
sponse of methyl parathion and parathion, respectively. Inset
shows the calibration graphs. The peak current and the concentra-
tion were linear for the concentration ranging from 0.3001 lM to
1.444 lM for methyl parathion and 0.103–0.6179 lM for para-
thion, respectively. The detection limits were found to be
0.0874 lM for methyl parathion and 0.0835 lM (S/N = 3) for para-
thion, respectively.
3.4. Amperometric response of MP and P at silver/nafion modified
electrode

Amperometric method was used to examine the sensitivity of
silver/nafion modified GCE towards the sensing of methyl para-
thion and parathion. Figs. 7 and 8 show the amperometric i–t curve
obtained for methyl parathion and parathion, respectively. The
current increased for each addition and a steady state current
was measured. The amperometric current response increased line-
arly with increasing concentration from 0.2 lM to 1.00 lM for
methyl parathion and parathion. The detection limits were found
to be 0.2815 lM for methyl parathion and 0.2659 lM for para-
thion, respectively.



Fig. 1. SEM images of bare GCE (A), silver modified GCE (B), silver/nafion composite modified GCE (C).
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Fig. 2. XRD pattern of silver/nafion composite modified GCE.
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Fig. 3. Cyclic voltammograms for 10.2 lM methyl parathion at: (a) bare GCE, (b)
nafion modified GCE, (c) silver modified GCE, and (d) silver/nafion composite
modified GCE in 2.56 pH B–R buffer at 100 mV s�1.
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Fig. 4. Cyclic voltammogram for 10.2 lM parathion at silver/nafion modified GCE in
2.56 pH B–R buffer at 100 mV s�1.
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Fig. 5. Differential pulse voltammograms of methyl parathion at various concen-
trations in 2.56 pH B–R buffer; modulation amplitude, 40 mV; modulation
frequency, 30 Hz; modulation step, 4 mV. Inset shows the calibration graph.
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3.5. Reproducibility and stability of silver/nafion modified electrode

A series of six repetitive measurements were done for the fixed
concentration of 10.2 lM methyl parathion and parathion yielded
reproducible peak currents with the relative standard deviations of
3.2% for methyl parathion and 4.2% for parathion, respectively. This
electrode offers maximum sensing current in 30 s for various con-
centrations of pesticides. The stability was checked after the fresh
modification, the same electrode was used for four successive mea-
surements. The results were reproducible with the relative stan-
dard deviations of 5.2% for methyl parathion and 3.1% for
parathion. This reveals that the composite film was highly stable.

The analytical utility of the above methods was assessed by
applying it to the determination of methyl parathion and parathion
in the water sample collected from CECRI premises. The analyzed
sample contained no methyl parathion and parathion, so they
had to be spiked with the analyte at a certain concentration. Then
it was extracted by using dichloromethane. The results are summa-
rized in the Table 1. The recovery rate obtained is well comparable
with the recovery rate obtained from HPLC. So this proposed silver/
nafion composite film electrode and the voltammetric procedures
for methyl parathion and parathion sensing would be useful for
environmental applications.
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Fig. 6. Differential pulse voltammograms of parathion at various concentrations in
2.56 pH B–R buffer; modulation amplitude, 40 mV; modulation frequency, 30 Hz;
modulation step, 4 mV. Inset shows the calibration graph.
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Fig. 7. Amperometric response of methyl parathion for the successive addition of
0.2 lM at the silver/nafion composite modified GCE in 2.56 pH B–R buffer. Inset
shows the calibration graph.
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Fig. 8. Amperometric response of parathion for the successive addition of 0.2 lM at
the silver/nafion composite modified GCE in 2.56 pH B–R buffer. Inset shows the
calibration graph.

Table 1
Recovery study of methyl parathion and parathion in water samples.

Recovery rate (%)

CV DPV Amperometry HPLC

Methyl parathion 86.15 91.51 95.82 92.75
Parathion 97.65 98.58 99.44 97.76

Number of sample assayed is 6.
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4. Conclusion

A novel silver/nafion composite film modified GCE reported in
the present work is more suitable for the sensing of methyl para-
thion and parathion pesticides. Minimum amount of energy is en-
ough to bring out the reduction process. This composite electrode
gave high sensing current when compared with bare GCE and bis-
muth film modified GCE which improves the sensitivity of the elec-
trochemical sensors. Moreover, the electrode once modified which
can be used for four successive reproducible measurements. This
proposed electrochemical sensing methodology is thus expected
to open new opportunities for the sensing of methyl parathion
and parathion in the environment.
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