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A fast and simple electroanalytical procedure was applied for the determination
of methylparathion in a solution extracted from a typical Brazilian soil using
square wave voltammetry and a glassy carbon electrode. The effects of pH, scan
rate and surface poisoning were studied in order to establish the optimum
conditions for the electroanalysis of methylparathion. It was observed that the
substances commonly presented in the soil solution modify the voltammograms,
which improves the current values and displaces the peak potential to a less
negative value. This was attributed to the more alkaline pH caused by dissolved
organic matter, mineral colloids and other substances in the soil solution. The
best response was obtained in neutral or in slightly acidic solutions. In such
conditions, the limits of detection were 0.32mgL�1 (1.21� 10�6mol L�1) in pure
water and 0.36mgL�1 (1.37� 10�6mol L�1) in the soil extracted solution.

Keywords: methylparathion; square wave voltammetry; glassy carbon electrodes;
soil

1. Introduction

In Brazil, �300.000 tons of pesticides are applied yearly. Researchers have studied the
toxicological characteristics of pesticides [1–4] and their monitoring in the environment
[5–7], food [8,9] and medicinal plants [10,11]. However, there is still a great demand for
monitoring, training and information about pesticides registration laws [12].

The analysis of pesticides is often accomplished using chromatographic methods.
However, electroanalytical procedures present many advantages such as [13]: Rapid
measurements (fraction of seconds to minutes); possibility of real time analysis (it is
possible to carry out kinetic studies, often complementary with spectrophotometry);
determination can be carried out in heterogeneous mixtures that contain biological
materials, proteins, surfactants as well as colloidal or slightly soluble particles, without
pre-separation steps; possibility to determine oxidised forms in the presence of the reduced
ones, and low cost of the equipments and chemicals compared with high-performance
liquid chromatography (HPLC), gas chromatography (GC) and atomic absorption
spectrometry (AA).
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The electrochemical behaviour of methylparathion (OO-dimethyl O-(4-nitrophenyl)
phosphorothioate) was studied in mercury electrodes [14–16]. The limit of detection
(LOD) obtained in neutral aqueous solution using differential pulse polarography (DPP)
was around 2� 10�8mol L�1 (scan rate of 6mV s�1 and pulse amplitude of 50mV).
The measurement of methylparathion in the presence of its hydrolysis product,
p-nitrophenol, was carried out using a carbon paste electrode modified with C18.
According to the optimised experimental conditions of pH 6.0, scan rate of 40mV s�1 and
a pre-accumulation step of 5min, the LOD reached was 8 mgL�1 [17]. Recently, a boron
doped diamond (BDD) electrode was used as an anode for the electrochemical combustion
of parathion in spiked, pure and natural waters, by using the square wave voltammetry
technique (SWV). The results showed that the application in natural waters was improved
due to the very low adsorption characteristics of BDD, preventing the fouling of
electrode surface from organic pollutants. The electrochemical remediation of parathion
contamination was carried out in high positive potential (3.0V) and led the
electrochemical combustion of parathion to CO2 and H2O, as measured by the decrease
of total organic carbon in the electrolyte [18].

Bare glassy carbon electrodes are mostly used for oxidative measurements of pesticides
as shown in Table 1, but it has also been very useful for the electroreduction of
nitrocompounds pesticides due to the easy reduction of nitro group within the negative
potential range [19,20].

Table 1 shows a short review of electroanalytical procedures developed for the
determination of pesticides on glassy carbon electrodes [19,21–32]. As it can be seen, most
of the determinations were based on the oxidation of the parent product on the electrode
surface, whereas some carbamate insecticides could only be determined by electro-
analytical methods after their alkaline hydrolysis to a phenolic product, which can be
easily oxidised on the glassy carbon electrode. Most common techniques used were
differential pulse voltammetry (DPV) and SWV with LOD of 10�6 to 10�7mol L�1, but
adsorptive techniques, as adsorptive stripping voltammetry (AdSV), also have been
successfully employed with lower LOD (order of 10�8mol L�1). Relative standard
deviations of the pesticides, at a given concentration, were relatively low (RSD around
3%) and they varied according to the pesticide and to the procedure of renewal and
activation of the electrode surface prior to the analysis.

Modified glassy carbon electrodes have also been employed for pesticides determina-
tion [27,33,34]. However, bare glassy carbon electrodes, without any kind of modification,
has much more simple use, since no special activation is required for the analysis.
Therefore, this work presents a simple electroanalytical procedure for the direct
measurement of methylparathion in a solution extracted from a typical Brazilian soil
using a bare glassy carbon as working electrode.

2. Experimental

2.1 Materials and reagents

Methylparathion (99%) was purchased from Bayer of Brazil and a stock solution of
2000mgL�1 was prepared in ethanol. Samples of lower concentrations of methylparathion
were prepared by dilution of the stock solution in ultra pure water from a milli-Q system
(Millipore�) and also in the solution extracted from a typical Brazilian soil. Other
chemicals used were of analytical grade (PA) from Merck. The supporting electrolyte was
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calcium chloride 0.01mol L�1. Stock solutions of NaOH and HCl 1.0mol L�1 were

prepared in order to allow the adjustment of the pH by the dropwise addition of the

solutions to avoid significant dilution effect of the samples.

2.2 Apparatus and procedure

The soil water extraction system (Figure 1) is composed of a porous ceramic cup,

connected to a short pipe covered with a piece of nylon with two orifices, which are

connected to two plastic hoses. To promote the flow of the solution from the soil into the

porous cup, vacuum was applied during 10min, with an electric pump connected to one of

the hoses. After this period, the pump hose was closed with a Mohr clamp, waiting for

10min until the soil solution flows to the porous cup. Then, the Mohr clamp was taken off,

letting the air enter the system. Finally, the solution was pressed, flowing to the other hose

and consequently to the glass tube. The extracted soil solution was stored

at low temperature (about 5�C).
All voltammetric measurements were performed with a Potenciostat-Galvanostat

AUTOLAB� from ECOCHEMIE model PGSTAT-30, using a working electrode made

of glassy carbon (5mm diameter and 0.5mm high) encapsulated with Teflon� bare.

The electrical contact was stabilised with a copper wire. A calomel saturated electrode (SCE)

PVC Tube

Soil solution

Pore 
capsule 

Soil

Vacuum 
pump

Mohr 
clamp 

Collector 

Hoses

Figure 1. Soil solution extraction system.
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and a platinum electrode (Pt) were used as reference and auxiliary electrodes, respectively.

All electrodes were home made.
SWV technique, with a frequency of 50Hz, increment of 1mV and pulse amplitude

of 50mV, was used to establish an electroanalytical procedure for the analysis of

methylparathion. Several electroanalytical aspects were studied as the scan rate, pH

and surface poisoning, in order to obtain the lowest LOD with the glassy carbon electrode.

These experiments were done in solutions containing 0.1–40mgL�1 of methylparathion in

0.01mol L�1 calcium chloride diluted with pure water or with the solution extracted from

soil. The samples were deaerated by nitrogen during 15min prior to the SWV

measurements.
The LOD was determined from the experimental parameters by the equation 3�/�,

where � is the standard mean deviation of 10 voltammograms registered for the blank and

� is the slope of the analytical curve [35]. The precision of the electroanalytical

methodology was checked in different days, in one day (n¼ 10, n referring to the number

of measurements, repeatability), and in more than one day (d¼ 8, d referring to the

number of the days, reproducibility) for a 2.0mgL�1 methylparathion solution. To study

the accuracy of the proposed methodology, recovery experiments were carried out by

adding different concentrations of standard solution of methylparathion in pure

electrolyte and also in the soil extracted solution previously spiked with a known

amount of the pesticide (1.0mgL�1).
The effect of the electrode surface poisoning was evaluated by the observation of the

voltammograms at each pesticide concentration after three time measurements. After each

measurement, the electrode surface was lightly polished with a felt polisher and aluminium

oxide dispersion (1.0 mm particle size). This kind of treatment was enough to get

a reproductive electrode surface.

3. Results and discussion

A cyclic voltammogram of methylparathion in calcium chloride 0.01mol L�1 is presented

in Figure 2. An irreversible reduction peak was observed at �0.7V and a reversible redox

pair at around �0.23V. During the first cathodic sweep, only one peak appeared at �0.7V

(peak A) and another at �0.18V (peak B) on the anodic sweep. After subsequent cycles,

another peak appeared at �0.27V (peak C) on the cathodic sweep. The process clearly

indicated that peak A is responsible for the formation of peaks B and C. Similar results

were obtained for a mercury electrode [34] and a nafion-coated glassy carbon electrode [30]

for the insecticide parathion and for the insecticide fenitrothion with mercury electrode

[36]. In these studies, peak A was attributed to the reduction of the nitro group (–NO2) to

a hydroxylamine group (–NHOH) and the redox pair to the oxidation/reduction of the

hydroxylamine group to a nitrous group (–NO).
SWV was chosen as the electroanalytical technique due to its higher sensitivity when

compared to other voltammetric techniques such as cyclic voltammetry (CV) and DPV.
The influence of the pH on the voltammetric response of methylparathion is shown in

Figure 3, for a pH range from 2.6 to 6.9. In pH 6.9, a well-defined peak was observed

(peak A presented in the cyclic voltammogram – Figure 2), as already discussed. Peak A

decreases when there is a pH decrease. Therefore, neutral or slightly acidic solutions

showed the best condition for the electroanalysis of methylparathion on glassy carbon

electrodes. Although peak currents observed in very alkaline solutions are similar to the
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neutral condition, they are not suitable for analysis due to the rapidly hydrolysis
of methylparathion in such medium [15]. The best electroanalytical conditions for
methylparathion determination on glassy carbon were obtained using SWV at 50mV s�1

( f¼ 50Hz, scan increment¼ 1mV and pulse amplitude¼ 50mV, data not showed) in
neutral or slightly acidic or alkaline solutions (pH 6.9), measuring the peak current of peak
A (�0.75V).

10

5

−5

01 
/ µ

A

0.10
0.0 0.2 0.4 0.6

- E/V vs. Esce

0.8 1.0 1.2

B

C
A

Figure 2. Cyclic voltammograms of calcium chloride 0.01molL�1 (. . .) and methylparathion
7.6� 10�5mol L�1, pH 6.9, 100mV s�1 (___). Initial potential, Ei¼ 0.0V and switching potential,
E�¼ 1.2 V.

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

0

5

10

15

20

− 
I/µ

A

− E/V vs. ESCE 

 pH=2.6

 pH=3.9

 pH=4.8

 pH=6.9

Figure 3. Square wave voltammograms of methylparathion, 3.8� 10�5mol L�1 (vs. SCE) different
pH. Scan rate: 75mV s�1. Parameters: 50Hz frequence, 1mV increment and 50mV pulse amplitude.
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SW voltammograms of methylparathion in such optimal conditions, for different
pesticide concentrations, are presented in Figure 4. Establishing a comparison between the
voltammograms obtained in pure and in soil solutions, it was observed that the analysis
done with the solutions extracted from a Brazilian soil presented a value increase of the
reduction peaks and also the displacement of the peak potential to more positive values.
There is no significant variation on the pH measured in comparison with the pure water.
According to our previous results [37], substances commonly present in natural samples,
like humic substances, can change the electrochemical behaviour of the pesticide,
modifying the total (bulk of solution) or local (electrode interface) pH values. This effect
causes the displacement of the peak potentials, favouring the electro-reduction of nitro
groups, such as the degradation of the pesticide [37].

Analytical curves of the methylparathion in the soil solution and pure water are
presented in Figure 5. As it can be seen, two linear regions are observed, one for
concentrations up to about 10mgL�1 and other for concentrations higher than 10mgL�1.

According to the results in Figure 5, it was verified that the concentration linearity of
the curves is maintained only for concentrations up to 6.0 and 10.0mgL�1 (pure water soil
extracted solution, respectively). This fact was attributed to high concentration values over
10mgL�1, which can diminish the efficiency of the electroanalysis due to the saturation of
the electrode surface. Analysing these regions, the linear regression equations obtained
were Ip¼AþB*C, where Ip¼ 1.60þ 4.51*C for pure water (R2

¼ 0.9920) and
Ip¼ 2.02þ 4.09*C for the extracted soil solution (R2

¼ 0.9966).
The sensitivity of the electroanalytical methodology was evaluated by the calculation

of the LOD in pure electrolyte and also in extracted soil solution. LOD values
obtained were 0.32mgL�1 (1.21� 10�6mol L�1) for pure water and 0.36mgL�1

(1.37� 10�6mol L�1) for the soil solution. Such results show that there is no significant

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0

20

40

60

−E/V vs. ESCE

−I
/µ

A

 Pure water 

 Soil water 

Figure 4. Square wave voltammograms of methylparathion in pure water (solid line) and in soil
solution (dot) for different methylparathion concentrations. Calcium chloride 0.01mol L�1,
as supporting electrolyte. Parameters: 50Hz frequency, 1mV increment and 50mV pulse
amplitude. pH 7.5 for the soil solution and pH 6.9 for pure water sample. Pesticide concentration
interval: 0.1mgL�1 to 40mgL�1.
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matrix effect of the soil constituents in the electroanalysis of the methylparathion in the
soil solution.

It can be observed that the analytical sensitivity of the method decreased softly when
comparing the slope of the analytical curve in the supporting electrolyte (4.51 mAmg�1 L)
to the one obtained in extracted soil water (4.09 mAmg�1 L). It demonstrates that the
matrix constituents of extracted soil water almost do not interfere on methylparathion
analysis.

To prove the validation of the method analysis, experiments were done in order
to verify the precision (repeatability and reproducibility) of the electroanalytical
methodology. The precision of the methodology was checked by performing ten successive
measurements for a 2.0mgL�1 methylparathion solution in pure electrolyte. For
repeatability, which was calculated from repeated analysis during one day, the relative
standard deviation (RSD) was 3.7%. For reproducibility, calculated from repeated
analysis in different days, the RSD was 4.6%. The repeatability was also evaluated in
extracted soil water with a RSD of 4.3%.

The recoveries of methylparathion in pure electrolyte and in extracted soil solution
were carried out by the standard addition method after three repeated experiments
(Table 2). The mean recovery was 101� 3.9% (pure electrolyte) and 101� 5.1% (extracted
soil solution). The accuracy of the method was checked in terms of relative errors (Bias%),
which describes the deviation from the expected results, by its recovery during spiked
experiments. The value of Bias for both situations was 1.0%, which is within acceptable
limits.

Analysing the results presented in Table 2, a high percentage of recovery with very low
values of relative error (1.0%) was observed. Moreover, the recovery results were very
similar to pure and extracted soil solution, proving that the method is very reproductive.

0

0 10 20 30 40

10

20

30

40

50

60

70

80

C/mgL−1 

−I
p
/µ

A

 Pure water 

 Soil water 

Figure 5. Analytical curves obtained by standard addition of methylparathion in pure water and in
a solution extracted from a Brazilian soil. Calcium chloride 0.01mol L�1 as supporting electrolyte.
Parameters: 50Hz frequency, 1mV increment and 50mV pulse amplitude. pH 7.5 for the soil
solution and pH 6.9 for pure water sample.
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4. Conclusions

The electroanalysis of pesticides, in general, involves pre-steps or the redox processes
catalyzed by enzymes or other electrodes modifications. In this work, we have developed
a fast and a simple electroanalytical procedure for the direct determination of the
insecticide methylparathion in a solution extracted directly from a typical Brazilian soil,
without pre-conditioning, any treatment or filter procedure using a simple electrode made
of a bare glassy carbon. The detection limits (using the SWV technique) were: 0.32mgL�1

(1.21� 10�6mol L�1) for pure water and 0.36mgL�1 (1.37� 10�6mol L�1) for water
extracted from soil.

The results showed that glassy carbon electrodes are efficient materials to be used as
electrochemical sensors for the direct determination of pesticides in natural samples, with
good sensitivity, precision and accuracy.
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