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Abstract 

Pesticides quantification is an expensive work and it is inaccessible for farmers and health authorities and 
supervisory entities. This paper describes a simple, economical and accessible methodology for quantification 
of carbofuran, methomyl and mancozeb in potato (Solanum tuberosum). The square wave electrochemical 

voltammetric method to quantify Paraquat was validated. It used Britton-Robinson solution buffer as 
supporting electrolyte, glassy carbon as working electrode, Ag/AgCl as reference electrode and platinum as 
counter electrode. Herbicide was extracted from potato through solid-liquid partition methodology, the results 
obtained by voltammetry were compared with UV-Vis spectroscopy, suggesting that that the voltammetric 
method produces accurate and reliable results. The proposed method was successfully applied for the 
determination of paraquat in potato samples with satisfactory results. 
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Resumen 

La cuantificación de plaguicidas es un proceso costoso y de difícil acceso para los cultivadores y entidades de 

salud y vigilancia. En este trabajo se presenta la metodología de voltametría de onda cuadrada para la 
cuantificación de paraquat (gramoxone) en papa (Solanum tuberosum). El método de voltametría de onda 
cuadrada fue validado para la cuantificación de este herbicida en papa. El estudio fue realizado usando como 
electrolito de soporte solución buffer Britton-Robinson, electrodo de trabajo de carbón vítreo, Ag/AgCl como 
electrodo de referencia y platino como electrodo auxiliar. El herbicida en papa fue extraído por reparto sólido-
líquido y los resultados obtenidos fueron contrastados por espectroscopía UV-Vis,lo que permitió deducir que 
el método voltamétrico genera resultados precisos y confiables. El método propuesto fue exitosamente aplicado 
para la cuantificación de paraquat en muestras de papa con resultados satisfactorios. 

Palabras clave: Detección, electroquímica, herbicidas, paraquat, productos agrícolas. 
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Introduction 

Pesticides are more often used in the De-
partment of Boyaca, Colombia to control pests 

on potato crops (ICA, 2011).  The use of these 

compounds have shown to be one of the prac-

tices that have contributed most to the increase 

in agricultural production in recent decades in 

about 50%, together with the use of synthetic 
fertilizers, irrigation systems and organic-

synthetic components. Currently, those prac-

tices are essential to meet the growing global 

demand for food (Ministry of Social Protection, 

2003); but their indiscriminate use has nega-
tive consequences for ecosystems, farmers and 

consumers.  It has resulted to leave high doses 

of residues in foods like tomatoes, along with 

potatoes, spinach and lettuce, which are the 

products with higher accumulation of con-
taminants (Larsbo et al., 2009). 

Paraquat is a non-selective, post-emerging, 

contact herbicide which is applied to the foliage 

of weeds and has a broad spectrum of control. 

Regular applications might generate residuals 

whose toxicological significance should be eva-

luated regularly. This herbicide is extremely 
toxic to humans (LD50 = 35 mg/kg) and ani-

mals (LD50 = 110-150 mg/kg) by all sources of 
exposure (The Harmoudiet al., 2013). Maxi-

mum Residue Limits (LMR) for paraquat in root 

crops is at 0.05 mg/kg (50 mg/g) (Codex 

Alimentarius, 2013). The Environmental Pro-
tection Agency of the United States (EPA) and 

the World Health Organization (OMS) have 

identified several compounds of this type to 

have risk for mutagenic, reproductive and 

fetus-toxicity effects. Also, they are included in 
the PIC procedure (ICP, Rotterdam Convention, 

1998) applied to extremely dan-gerous human 

health pesticides. In acute toxicity studies 

using laboratory animals, paraquat has been 

shown to be highly toxic by inha-lation, having 

a toxicological category I (the highest of four 
levels) for acute inhalation effects. Through oral 

ingestion, this compound is moderately toxic 

(Category II), and slightly toxic (Category III) 

through dermal contact (Environmental Pro-

tection Agency of the United States, 1997). This 
herbicide enters the body through the skin, 

respiratory or digestive; Its life-time in the body 

is relatively short with about 12 to 120 hours 

(Rios, 2012). Although its use has been shown 

to be safe, poisoning cases might occur. If so, 

accumulation of reactive oxygen species (ROS) 
and toxic free radicals are accumulated in va-

rious organs, especially the lungs leading to 
oxidative damage (Paixao et al., 2002). 

The used methods for the determination of 
paraquat, like coupled gas chromatography to 

mass spectrometry (GC/MS) or UV-Vis spec-

trophotometry, have been considered as 

reference methods reported by the Codex Ali-

mentarius and AOAC, respectively. Literature 

shows different techniques to analysis 
paraquat, including: spectrophotometry (Rai et 
al., 1997), liquid chromatography (Taguchi et 
al., 1998) and flow analysis (Saad et al., 1998). 

However, innovative and accessible metho-

dologies are needed such as voltammetry, 

providing an alternative broad spectrum, eco-

nomical, versatile and environmentally friendly. 
The current methods are often expensive and 

only few universities and research institutes 

are able to quantify this herbicide.  As a conse-

quence, few studies related to this compound 

have been done. 

Electrochemistry is an option for the 

analysis of traces of heavy metals, anions, 

sulfides, nitrites, nitrates and other organic 

compounds in water, food, chemicals products 

and electroplating baths to ppt, ppb and ppm 

levels. Some pesticides such as paraquat has 
processes of oxidation and/or reduction when 

receives small electrical pulses. Thus, a current 

electricity response can be quantified elec-
trochemically. Rühling et al. (1998), Souza and 

Machado (2005), Monk et al. (1999), Luciana et 
al. (2010) evaluated the electrochemical beha-

vior of paraquat by vol-tammetry differential 
pulse with mercury electrodes, by voltammetry 

square wave with microelectrodes of gold, by 

cyclic voltammetry with mercury electrodes, 

and by voltammetry of modified wave.  

The aim of this study was to validate the 
electrochemical method using glassy carbon 

electrode as a working element for the 

quantification of paraquat in potatoes.  Since 

this electrode produces no waste, reducing en-

vironmental pollution, also, the analyst has a 

wider range of work. 

 

Materials and methods 

Reactives and equipment 

The reagents used were analytical grade: 98% 
sodium hydroxide, 99.8% boric acid, 85% 

phosphoric acid (of Merck); 99.9% paraquat 

(1,1'-dimethyl-4,4'-dichloro bipyridine) from 

Sigma; 99.5% acetic acid, 85% sodium dithio-
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nite of Panreac, and nitrogen gas. All solutions 

were prepared with deionized water (Millipore 

System) with conductivity 0.05 us. 

The optimal operating and calibration con-

ditions were verified on the devices in order to 

validate the method, like the following: polaro-

graphy BAS CV 50W equipped with a volta-

mmetric analyzer, working electrode of glassy 
carbon BASI MF-2070, reference electrode 

Ag/AgCl BASI MF-2052, auxiliary platinum 

electrode BASI MW-1032, Aventure Ohaus ana-

lytical balance and Sartorius Schott potentio-

metric CG 842. The comparison of results from 

the square wave voltammetry against the spec-
tra-photometric method UV-Visse performed in 

a UV- Vis Genesys 10 UV. 

Working standard solutions. A stock solution 

of 1000 mg/l pesticide in deionized water was 

prepared. It was 'pipetted' 10 ml of stock solu-
tion to a ball of 100 ml. Then, deionized water 

was gauged and adjusted to a 100 mg/l con-

centration, of which 10 ml was taken to the 

ball of 100 ml. Afterwards, the ball was gauged 

with deionized water. The final concentration of 

the working solution was 10 mg/l. 

Supporting electrolyte (Britton Robinson 

buffer). A 100 ml ball was filled with 0618 g 

boric acid, 0.56 ml acetic acid and 0.48 ml or-

tho-phosphoric acid. Then, pH 5 was adjusted 

with NaOH 0.1N and deionized water. 

Voltammetry parameters. The voltammetry 

conditions were optimized, adjusting the deo-

xygenation time, rest time, working range, sen-

sitivity, wave amplitude and wavelength 

through analysis in triplicate. 

Paraquat electrochemical behavior. The elec-
trochemical process of paraquat is quasi-
reversible, as described by Souza et al. (2005). 

Paraquat has two oxidation processes. The first 

is present at 663 ± 50 mV (Equation 1), fo-

llowed by the second oxidation (Equation 2) at -

947 ± 50 mV; finally a dimer formation occurs 
with two quasi reversible positive charges 

(Equation 3) (Souza and Machado, 2005). 

 

Par+2+e− ⇋  Par+               (Equation 1) 

Par+ +e  ⇋  Par0              (Equation 2) 

And for the subsequent formation of a dimer: 

Par0+Par2  ⇋   +Par2
2+    (Equation 3) 

 

Validation of the voltammetric technique 

In the pre-validation method, besides checking 
the calibration of equipment and volumetric 

material, the instrumental conditions were se-

lected as: the initial potential, the final poten-

tial, the deoxygenation of the sample, the quiet 

time, the sensitivity, the wave amplitude and 

the range of potential. The linearity of the 
method (0.5 to 3 mg/l) was carried out for vali-

dation, so the main attributes of the me-

thod/validation were determined as follows: 

detection limit (DL) (Eurachem, 2005), the 

quantification limit (QL) (Eurachem, 2005), the 
accuracy of the standard deviation and coeffi-

cient of variation, the accuracy of rate of reco-

very, the useful range, sensitivity and uncer-

tainty. Six batches were assessed, including a 

white, a high standard, a low standard, two 

natural samples (potato) and a fortified sample 
with a high and low standard (2.7 mg/l and 

500 g/l) with added herbicide to the mentioned 

concentration solutions. Analysis were per-

formed by two laboratory technicians.  

To determine the accuracy of the volumetric 
method fortified samples were used (Eurachem, 

2005). Thus, a known volume of standard solu-

tion was mixed with 3 ml of potato extract and 

4 ml of the electrolytic solution, adjusted to pH 

5. The obtained mixture was transferred to a 

electrochemical cell, and the equipment was 
scheduled under the previous parameter of 

optimization to be measured afterwards. The 

results were compared with those obtained in 

contrast samples by spectrophotometric me-

thod 969.09 (AOAC, 1990). 

Treatment of natural samples 

The method of solid-liquid extraction, described 
by Qiu and Nian (2008) and Leoni et al. (1992), 

was modified. They proposed an extraction li-

quid partition solid with acetone and dichloro-

methane as solvent. Instead, a sohxlet extrac-
tion was additionally performed with dichloro-

methane to obtain herbicide extracts from the 

treated sample. The sample was dissolved in 

deionized water for the voltammetric measure-

ment. The representative 5 kg of potatoes as 

samples were obtained from the central supply 
Abastos in the south of the city Tunja- Boyacá. 

Experimental design 

Evaluation was made in a 26 factorial design 

with random triplicate samples. 64 trials were 

performed in total, allowing the evaluation of 
the safety and reliability of the method. Signifi-
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cant differences were determined by boxplot 

using SPSS 18 statistical software for Windows. 

 

Results and discussion 

Signal response of the equipment  

An exploratory sweep by the technique of cyclic 

voltammetry VC (Figure 1a) and voltammetric 
square wave OSWV (Figure 1b) was performed. 

The last technic was selected for the validation 

process because of its higher sensitivity, which 

is an advantage for the quantitation of very 

small amounts (Figure 1b). In trial did not 

showed signals that could interfere with the 
chemical analysis. 

A standard was analyzed to know its elec-
tro-activity potential by VC, which can accu-

rately identified the potential of an electro-

chemical redox species, provides information 

about the evaluated species, and determine if 

the reaction is  reversible or not. Moreover, the 

technical parameters of square wave voltamme-

try (OSWV) were optimized in a range of -300 

mV to -1600 mV, obtaining an optimum range 
of -500mV to -1100mV, optimized sensitivity 

between 100 uA/V to 100 nA/V in 1 uA/V, 

quiet time of 2-20 seconds with an optimal va-

lue of 5 seconds, evaluated wave amplitude 

between 15 mV to 50 mV with an optimum 
value of 25mV, wave frequency of 15 Hz to 16 

Hz, based in 15 Hz,  and deoxygenation time 

between 1-10 min, optimized by 5 min. 

The potential in paraquat was determined 

by the anodic method, showing two oxidation 

potentials: -663 and -947mV (Figure 2a). The 
second signal presented better statistical pa-

rameters, therefore validation and quantifica-

tion of the herbicide took place in the parent 
study. Rühling et al. (1998) studied the pre-

sence of three pesticides including paraquat, 

using the technique of differential pulse vol-
tammetry (DPV) and mercury drop electrode, 

and found an oxidation potential of -600 and -

1400 mV. Souza and Machado (2005) used gold 

microelectrodes by the OSWV analysis tech-

nique to quantify the herbicide and found oxi-
dation potentials of -640 and -940 mV. Monk et 
al. (1999) studied the electrochemical behavior 

of paraquat in aqueous medium using cyclic 

voltammetry and detected two peaks.  The first 

with -700 mV and the second with -1200 mV, 

compared to the mercury drop electrode (SCE). 

The first peak is generated by the formation of 
the radical cation and the second by the for-

mation of the neutral species; according to 

these authors, this process is followed by a 
chemical dimerization. 

Selection of the calibration curve  

Standard solutions of paraquat were 0.5, 0.8, 
1.0, 1.5, 2.0, 2.5 and 3 mg/l, which were used 

to plot the response by the equipment, 

intensity (amps) vs. concentration (mg/l). So, 

the  linear range of the method and the cons-

truction of the calibration curve showed a 
correlation coefficient of 0.993 (Figure 2b). 

Solid/liquid extraction of paraquat 

The method of solid-liquid extraction described 
by Qiu and Nian (2008) and Leoni et al. (1992) 

is based on a wet basis and requires a lot of 

dichloromethane and acetone. The proposed 
and modified method of this study was per-

formed on a dry basis and Soxhlet system. 

Thus, up to 60% of solvents were saved with an 

extraction efficiency of 93%, which is 16% more 

than the reference method. Other methodolo-

Figure 1. Scanning screening with: (a) cyclic voltammetry, (b) square wave 

voltammetry. 

Sources and doses 
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gies of paraquat extraction in potato obtained 

an extraction efficiency lower than 90% accor-
ding to García et al. (2014).  

Validation of the OSWV method 

The attributes of the volumetric method 

were: detection limit 50 ug/g, quantification 

limit 150μg/g, sensitivity 1,69E-09I /ug per 

gram, high added recovery of 81.28% , low 

added recovery of 90.16%, accuracy of 86.63%, 
exactitude of 96.90%, uncertainty ± 0.06 ug/g 

and confidence level of 95%.The responses of 

standards and natural samples plus standard, 

for the six conducted trials by two analysts 

during the validation process, did not vary 
significantly, which demonstrates the robust-

ness of the used method (Figure 3).  

The measurements of standard-2 and sam-

ple-1 showed higher dispersion because these 

concentrations are higher than the standard-1

and sample-1 plus added, however, no signifi-

cant differences were presented (P > 0.05) 

(Table 1).  

To assess whether the validation method 

was, or was not in a state of statistical control, 

in other words, if they were just acting as 

common or random causes inherent in the 

method and was a stable and predictable pro-
cess, control charts were developed. When 

there are special reasons, the process is out of 

statistical control.  Control charts detect the 

existence of these causes at the time they 

occur, allowing immediate action (Feingen-

baum, 1994). When the values of the mean 
concentrations by the two analysts were ob-

tained in 10 measurements of a high standard 

paraquat, the obtained concentrations were 

within the control limits.  So, the process and 

validation random variables were controlled. 

Figure 2.  Voltammogram of Paraquat by OSWV (a) and calibration curve 

(b). 
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Figure 3. Analysis of dispersion for the performed treatment by two analysts. 
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Table 1. Analysis of variance for the content for Paraquat in potato in the two factors with one sample per group: sample-1 + add-1 (M1A1). 

Variations S.S. D. of L. 
Average of the 

square 
Calculated F’ Probability Critical value for ‘F’ 

Repetitions 0.270589548 5 0.05411791 0.490402584 0.773566688 5.050329058 

Analysts 0.01766566 1 0.01766566 0.160081672 0.705602606 6.607890974 

Error 0.551770232 5 0.110354046 — — — 

Total 0.84002544 11 — 0.650484256 1.479169294 11.65822003 
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Results by square wave voltammetry vs. the 

UV-Vis spectrophotometry 

Once the process for quantification of paraquat 
was validated, the voltammetric method was 

applied to potato extracts, confirming the relia-

bility of the voltammetric measurements on five 

fortified samples of potato (500 g/l) and stan-

dards of paraquat (0.5, 1, 2 was verified and 3 
mg/l). Results were compared with those ob-

tained by the # 969.09 method using UV-Vis 

spectrophotometry and were supported and 

validated by the AOAC (AOAC, 1990). 

The specific concentrations of paraquat in 

samples and standards by OSWV were higher 

than those found with the reference method. 

Differences were evaluated by analysis of vari-

ance of one factor, which was taken as refe-
rence concentration standards. No differences 

(P> 0.05) were presented in the concentration 

of paraquat standards for both of these tech-

niques. The calculated 'F' value (Standard 1: 

2.829, Standard 2: 0.193; sample 1 +standard  
1: 0.167, sample 2 + standard 2: 0.639) was 

less than the critical 'F' value acceptance 

(standard 1: 4.14; Standard 2: 4.15; sample 1 + 

standard 1: 4.18, sample 2 + standard 2: 4.14). 

The analysis was performed with a confidence 

level of 95%, corresponding to the voltammetric 
method (Table 2). 

Conclusions 

The instrumental conditions and main valida-

tion parameters by the square wave voltamme-

tric method for quantitative determination of 

paraquat in potato allowed to obtain valid and 

reliable results with a 95% level confidence. 

The developed methodology is an economi-

cal and friendly alternative in a natural envi-

ronment for the determination of paraquat in 

potatoes, with accurate and precise results. 

This electrochemical method can be applied for 

the analysis of this herbicide or in other pro-
ducts of agricultural origin but, performing pre-

treatment to the samples. 
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