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a b s t r a c t

The present work aimed to achieve the validation of Moroccan clay as the modifier of graphite electrode to

determine paraquat. The collected clay was characterized by X-ray diffraction (XRD), infrared spectroscopy

(IR), inductively coupled plasma-atomic emission spectrometric method (ICP-AES) and differential scanning

calorimetry (DSC). The oxidation of paraquat was used to obtain the electroanalytical signals at clay modi-

fied carbon paste electrode (CCPE) using differential pulse anodic stripping voltammetry (DPASV). Calibra-

tion plots were linear in the range 5–240 × 10−7 mol L−1, with a limit of detection of 1.63 × 10−9 mol L−1.

The method shows a good repeatability (2.13%) and was successfully applied to determine paraquat in food

samples.

© 2015 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

Paraquat, a new bipyridylium herbicide (also known as methyl-

viologen) [1], is particularly effective against grass family. It is in-

creasingly used in weeds control in various crops such as orchards

and vineyards. This herbicide is also used in pre- and post-emergence

weed control, pre-harvest desiccation and pasture renovation [2].

However, the abusive and uncontrolled use of paraquat is related

to its high persistence in the environment. It is slightly adsorbed

to the soil and easily leached into water sources due to its high

solubility (620 g L−1 at 25 °C) [3,4]. Despite its widespread usage,

the paraquat has a major disadvantage related to a very high tox-

icity owing to its non-biodegradability and resistance to microbial

degradation [5]. Furthermore, its presence can result in respiratory

distress and affects the nervous system and the kidneys [6]. These

properties have stimulated the development of a sensitive and se-

lective method for determining this pesticide. Up to this time, the

widely used methods for analyzing of paraquat are spectrophotome-

try [7], fluorescence [8], gas chromatography (GC) [9], capillary elec-

trophoresis [10] and high performance liquid chromatography (HPLC)
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[11]. Traditional spectrophotometry and colorimetric methods are

easily interfered by related compounds. GC methods can sometimes

require relatively expensive reagents and need derivatization before

the analysis. HPLC and capillary electrophoresis methods are good

alternative techniques, but they are expensive and waste more or-

ganic solvents. Thus, there is a demand for non-expensive analytical

techniques that allow real-time detection. Moreover, the easy electro-

chemical reaction of paraquat permits its determination using mod-

ern voltammetric techniques at modified electrodes [12,13]. In this

regard, the electrochemically analytical technique is an alternative

to monitor lower concentration of paraquat in environment. In fact,

chemically modified carbon paste electrodes have reached consider-

able attention for anodic stripping voltammetry during the last years.

Indeed, they display significant improvements compared to conven-

tional electrodes [14,15]. The use of clay to modify carbon paste elec-

trodes (CCPEs) is a current research area in electroanalysis [16]. In

recent reviews, Walcarius et al. have demonstrated a high sensitivity

of this type of electrodes attributed to a better preconcentration ef-

ficiency, a high accessibility to binding sites and faster diffusion pro-

cesses [17,18].

Recently we have developed some carbon paste electrodes modi-

fied with kaolin [19]. These modified electrodes were evaluated for

reliable quantification of trace paraquat (II) ions by square-wave

voltammetry (SWV) in non-pretreated natural waters. The obtained
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results showed a great potential of these electrodes to be used in the

development of portable analyzers for monitoring paraquat ions in

water samples.

In general, the clays are hydrous aluminosilicate minerals that

dominantly made from colloid fraction (<2μ) of soils, sediments,

rocks and water [20]. Grim et al. described clays as an aggregate of

minerals and colloidal substances [21] which are made from a stack-

ing of tetrahedral and octahedral sheets interspersed with a space

called interlayer space. Clay minerals are classified into three fami-

lies according to the thickness of the sheets (1 or 0.7 or 1.4 nm) corre-

sponding to a number of tetrahedral oxide layers (Si) and octahedral

(Al, Ni, Mg, Fe2 +, Fe3 +, Mn, Na, K). The gap between sheets can con-

tain water and ions.

The tetrahedral sheets are arranged in hexagonal meshes and con-

sist of oxygen tetrahedra surrounding a silicon or aluminum atom.

The octahedral sheets are formed by two planes of oxygens-hydroxyl

framing broader atoms such as Al, Fe, Mg, and Li.

Substitutions may be made between the different atoms consti-

tuting tetrahedral or octahedral layer. These substitutions induce a

permanent deficit of charge giving many types of clay negatively

charged. These charges are counter balanced by the incorporation of

cations in the interlayer of the clay. The layered structure is respon-

sible for many chemical and physical properties of the clay minerals.

Clays offer attractive properties in designing electrode for analytical

applications. Ion exchange and adsorption properties have been ex-

tensively applied not only to potentiometric and amperometric deter-

mination of heavy metals, pesticides, and drugs, but also to biosensor

development.

In the current work, clay has been used to prepare a CCPE for

paraquat (II) determination in aqueous solution by the DPASV tech-

nique. Factors affecting the preconcentration and detection steps

were investigated. The purpose of this work is also to study the appli-

cability of differential pulse anodic stripping voltammetry together

with CCPE in the electroanalytical determination of paraquat in river

waters, lemon, orange and potato, without any pre-purification or

preparation step of the sample.

2. Experiment

2.1. Reagent

The clay samples were taken from Akrach area situated in the west

north of morocco. A 1.0 × 10−3 mol L−1 stock solution of paraquat

(Aldrich, 98%) was prepared with distilled water (DW). For the elec-

troactivity of paraquat on the CCPE measurements, we used a sup-

port electrolyte composed of 0.1 mol L−1 Na2SO4 solutions, with pH

adjusted to 7.0 with NaOH or H2SO4. All reagents were supplied by

Merck PA and used without any further purification.

2.2. Apparatus

Differential pulse voltammetric measurements were performed

using a voltalab potentiostat (model PST 50, Eco Chemie B.V.,

Utrecht, The Netherlands) interfaced with a laptop and controlled

by the voltalab master 4 software. The cell was connected to the

clay modified electrode as working electrode, Ag/AgCl/3MKCl as

reference electrode and a platinum electrode as auxiliary elec-

trode. The electrochemical impedance measurements were done

via an electrochemical impedance analyzer potentiostat (model

PGZ 100, Eco Chemie B.V, Utrecht, TheNetherlands). X-ray diffrac-

tion (XRD) patterns were recorded in a PANalytical diffractometer

Model PW3040/60 X’pert PRO operating with Cu Ka radiation (Kα
0.15406 nm) generated at 40 kV and 20 mA. Scans were carried

out at 0.02° min−1 for 2θ values between 3 and 40. The differential

scanning calorimetric (DSC) measurements were realized by using

a DSC-kind SETARAM12 apparatus, operating in static air and at a

heating rate of 10 °C min−1. The infrared spectra (IR) of clay samples

mixed with KBr were recorded with a vertex 70 spectrophotometer,

operating in the range 4000–400 cm−1. Inductively coupled plasma-

atomic emission spectrometry (ICP-AES, PerkinElmer DV 3300) was

used to determine the chemical composition of clay.

2.3. Experiment procedure

The clay samples were collected in the Akrach Morocco region.

The mineralogy of the raw material, as well as its corresponding

<2μm fraction, was isolated by sedimentation. To prepare fired sam-

ples, a homogeneous mixture of water–raw clay was passed through

a 100 mesh sieve and dried at 110 °C. A known weight of the dried

clay was thoroughly mixed to a determined large amount of water

and kept at room temperature until the ratio water/clay equals 21 wt

%. This moisture rate was determined as being the optimum water

content for good plasticity. The obtained body was hand-pressed into

a mould and bars of 4 × 6 × 40 mm3 have been cut. These speci-

mens were dried under mild conditions (3 days at room temperature,

progressive drying up to 150 °C and kept at 150 °C for 5 h, subse-

quently fired in a muffle furnace in air and finally cooled in room

temperature.

The firing operation was conducted at temperatures ranging from

800 to 1100 °C and according to the following conditions: tempera-

ture rise: 5 °C min−1 in average; heating plateau at 573 and 780 °C
for about 1 h 30 min. The soaking time at the peak temperature was

fixed at 3 h because it was observed that for this duration, the linear

shrinkage was almost constant.

The clay modified carbon paste electrodes were prepared by mix-

ing a known quantity of carbon (Carbone, Lorraine, ref 9900, France)

and clay powder in a glass plate by exhaustively hand mixing with

a glass rod, and this ratio was made uniform for the entire measure-

ment. The resulting CCPE modified carbon paste was packed into the

cavity (outer surface 0.1256 cm²) of the electrode and a carbon rod

was used for the purpose of electrical contact. The electrode surface

was made smooth and cleaned carefully before performing the ex-

periments.

The experimental setup, support electrolyte, concentration,

voltammetric parameters as pulse amplitude, step potential and fre-

quency related to the differential pulse anodic stripping voltammetry,

were already optimized for the measurements of paraquat. DPASV

was used with the following parameters: initial potential, –1.2 V; fi-

nal potential, –0.5 V; pulse amplitude 50 mV, frequency 100 Hz and

step potential of 5 mV. During the deposition period the solution

was stirred at approximately 1000 rpm and the potential was held

at –1.0 V for 90 s. Stirring was required during the deposition pro-

cess only and it was stopped at the end of the deposition. Analytical

curves were obtained by the consecutive addition of standard solu-

tion aliquots to the support electrolyte prepared either with distilled

or natural water, collected from the Oum ErRbia river, Morocco, to

investigate the matrix effect of such natural sample. Under these ex-

perimental conditions, the detection and quantification limits were

evaluated.

3. Results and discussion

3.1. Physico-chemical characterization of clay samples

The clay extracted from the Akrach region was characterized by

X-ray diffraction (Fig. 1). This pattern indicates the characteristic

of illite, kaolinite and bloating clay. The oriented samples were

analyzed to confirm the nature of the clay phases in the samples.

The examination by X-ray diffraction shows that the reflection at 10°
and its harmonics are not affected by the heat treatment. This com-

portment is characteristic of illite. Indeed the later is a non-swelling

mineral and thermally stable to higher temperatures than 500 °C.
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