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ABSTRACT

The copper electrode modified by clay has been utilized for the
determination of pesticides with high sensitivity based on their redox
behavior. The experiment is performed on the use of cyclic and square wave
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voltammetry. Square wave voltammetric response showed a linear

calibration curveintherange 103to 107 mol.L 2.
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1.INTRODUCTION

All fatalitiesof paraguat poisoning have been due
to accidentd intake. Theingestion of toxic paraquét is
followed by aninitia phase of gastrointestinal distur-
bancesdueto theirritant action of the chemical, fol-
lowed by asecond intermediate phase of transientory
hepto-renal changes, subsequently tothis, athird phase
of delayed and lethal lung effect. Theintensive use of
paraquat, asherbicides, in recent yearshasincreased
agriculturad productivity, but & thesametimeit hasgen-
erated herbicide and pesticideresidues, which axceed
legd limits. Theincreasing use of pesticidesin agricul-
ture, forestry, and domistic activitiesfor controlling pests
ispolluting our water resources. Theleaching run-off
fromagricultura and forest lands, depostionfromaerid
gpplicationsand dischargeof industrial wastewater are
responsiblefor thiswater contamination(t. The pesti-
cidesformastrong classof water polluants, asthey are

sometimes nonbiodegradable. Moreover, pesticidesare
carcinogenicin nature. Therefore, toxicity of pesticides
and theirdegradati onproductsismaking tesechemica
substances a potential hazard by contaminating our
envronment2.

Paraquat (1, 1’dimethyl-4,4’-pipyridylium chlo-
ride), which was extensively used asanon-selective
herbicide, isoneof thebipyridium compounds®. How-
ever, itiswell known that thiscompound isa so one of
themost acutdly toxic compoundsbecauseit has caused
many casesof human poisoning, withthelung beingthe
primary target tissu“.

Severa approaches have been proposed to deter-
minethe paragquat in soil s, tissues, ground and drinking
water, capillary e ectrophoresis (CE)>® and ion-pair
high-performanceliquid chromatography (HPLC) usng
UV detection!”¥, immunoassay*-*2. Various e ectro-
chemical techniqueshave been employed for thede-
tection of paraguat!*3?,
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Onceparaguat entersthesoil environment, itisrap-
idly strongly boundto clay minerds, holloysite, dickite,
and nacrité?, It’sused to refer to white clayswhose
principal menia iskaoloniteand minor amount of im-
puritiesasmicas. It’sparticles are usually hexagonal
whnichiscomposed sothet (001) crysta planeispard-
lel tothe surface of kaolin particlé?.

In this paper, we describe the electrochemical
analysisof paraguat on acopper el ectrode modified
with clay (CCME). Thedectrochemica characteriza-
tion and voltammetric performance of adsorbed
electroactive paraguat were evaluated using cyclic
squarewavevoltammetric anayses.

2.EXPERIMENTAL

2.1.Apparatus

Theelectrochemical studieswere performed with
apotentiostat PGSTAT 100 driven by the general pur-
pose e ectrochemical systemsdataprocessing software
(Voltaab Master 4 software). Thecdl incudesathree-
electrodes system, anAg-AgCl reference electrode, a
platinium auxiliary el ectrodeand aclay modified cop-
per electrodeworking electrode.

2.2.Preparationof CCME

The Clay from Ccameroon waselectrochemicaly
deposited on copper substrate. The morphology of
modified € ectrodewas examined using scanning e ec-
tron microscopy. Figure 1 showsthe SEM imageof a
clay sample, whichit canbeobservedto clay asadense

Figurel: SEM of Cameroonen clay
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materid. The Clay presentsacharacteristic structurea
0.5-6 um with renge and a 0.05-0.5 um thickness

range.
2.3. Procedure

A copper € ectrode modified with clay waswashed
with distilled water carefully, heated at room tempera-
tureand transferred to el ectrochemical cell containing
HCIO, electrolyte and the desired concentration of
paraquat.

The paraguat was accumul ated at the clay modi-
fied copper el ectrode. Square wave voltametry scan-
ning was performed from -1.4 t0 0.2 V with a step
potential 25 mV, amplitude 5 mV and duration 5
secondes at scan rate 1 mV/s. Cyclic voltammetric
measurementswere performed between-1t00.2V at
scanrateof 50mV/s. All measurementswere performed
at room temperature.

3. RESULTSAND DISCUSSION

3.1. Corosion resistanceof CCME

The cathodic and anodic Tafel curvesof CCME
and copper in 0.1IM HCIO, solution are shown in
Fgure2. Thee ectrochemical parametersdeduced from
theTafel curves(Figure 3) aregiveninTABLE 1. we
note aslight increase of the corrosion rate of CCME
versuscopper el ectrode accompagned withanincrease
of anodic dopewhich correspondsto adight dissocia-

tion of theeectrode (CCME).
2.
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Figure2: Tafe curvesof CCME and copper electrode.
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Figure 3: Cyclic voltammogram of 0.02 mg/l paraquat in
0.IM HCIO,, scanrate50mV/s.onaCCME.

TABLE 1: Electrochemical parameter sfor the corrosion of
CCME and copper éectrodein 0.1M HCIO, solution.

E(i=0)mV Rp Kohm.cm? Jcorr mA/cm® BamV BcmV

Cu -157 4.02 10.52 2552 -291.3

Cu/clay -101.2 3.16 14.54 274 -292.4

3.2. Electrochemical behavior

Figure 3 shows the voltammogram of adsorbed
paraguat on aclay modified copper eectrode at 0.1M
HCIO,. Tworeductionwaveswereobservedfor paragua,
one between 0to— 0.2 V (peak P1) and the other be-
tween-0.6t0-0.8V (pesk P2). Thereduction of paraquat
can beatributed to thefoll owing processes®:;
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Figure4: Voltammogramscurvesat CCM E for different scan
rates (from 20 to 200 mV/s) in 0.1IM HCIO, + 0.02 mg/|

paraguat.

Figure4 showsthevoltammogramsof CCMEin0.1M
HCIO4 in presenceof 0.02mg/l paraquat asafunction
of scan rate. The cathodic peaks are shifted to more
negative potential sasthe scan rateincreases.

3.3.Analytical curves

Theanalytical curveswere constructed for arange
of concentration from 0.02 to 0.3 mg/l and Figure 5
showsthemultiplevoltammogramsobtained. Indl ana-
Iytical curvescongtructed, theana ytical responsespre-
sented asimilar profile, wherealinear increase can be
observedintheresponseswiththevariationintheana
lytical concentration.
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Figure5: Multiplevoltammogramsfor paraquat in 0.1M
HCIO, on CCME at 50 mV/sscan rate, for concentrations
between 0.02and 0.3 mg/l.

Thesquarewavevoltametry (SWV) wasperformed
to determinethed ectroanaytical responsesof paragquat
with theclay modified copper € ectrode (CCME) and
to evaluatethe presence of forward and backward cur-
rent componentsthat can be applied to determinethe
reversibility of theel ectrochemical redox processthat
OCCUI'S.

For this purpose, SWV experiments were per-
formed for 0.02 mg/l paraquat in0.1M HCIO,, witha
step potential 25 mV, amplitude5 mV and duration 5
secondesat scan rate 1 mV/s. Theresponses obtained
showed that the paraquat gave two voltammetric peaks
towards the negative sweep direction, the first one
around 0.1V and the second at approximately -1.2 V.

Figure 6 shows the different square wave
voltammograms obtai ned. Wenotethelinear increase
intheresponseswith thevariationintheanaytica con-
centration.

Figure 7 shows, with increase of scan rate number,
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Figure6: Multiplesquar evoltammogramsenr egistred for
CCMEin0.1IM HCIO, +different concentrationsof par aquat.
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Figure7: Thecydicvoltammogramsat CCM E of paraquat in
0.IM HCIO,, at 50 mV/sscan rate.

the currents for both anodic and cathodic peaks de-
crease steadily, which indicatesthat the paraquat are
eliminated continuoudy ontheclay matrix.

CONCLUSION

Theresults presented in thiswork demonstrated
that theuse of the useof the clay modified copper elec-
trodedlliedto avery sensitivevoltammetric technique,
such as the cyclic voltametry and square wave
voltametry, isasuitable analytical procedurethat a-
lowsfor easy applicationinavariety of different natura
matrices. The use of CCM E makesdirect analysis of
the sampleswith acquisition of theana ytical response
sengtive
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