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SUMMARY 
The vo l tammetr i c behaviour (d.c. and d.p.v.) of the pes t i c ides Fenthion 

and Fenit roth ion on a glassy carbon electrode i s described. Fenthion i s 

ox id ized at + i.20 V (vs Ag/AgCl) but Fenitroth ion i s reduced at - 0.60 V. 

Both e lec t roana ly t i co l responses can be used fo r the determinat ion of the 

two pes t i c ides w i t h detect ion l i m i t s of 1.36 and 0.46 jiM, respect ive ly . 
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INTRODUCTION 

Methods for the determinat ion of pes t i c ides are of evident i n te res t ; 

most of them are spectrophotometr ic or chromatographic but 

e lect rochemica l determinat ion i s becoming more and more used (1.2). 

I n i t i a l l y , the mercury drop e lectrode was employed as the work ing 

electrode: however i t has been gradually replaced by so l i d electrodes. 

Among these, g lassy carbon has been most used (3). 

In the present work en e lec t roana ly t i ca l study was ca r r ied out the 

pest ic ides Fenthion (3 -methy l -4 -methy l th iopheny l d imethyl 

phosphothionate), and Fenit roth ion i 3 - m e t h y l - 4 nitrophenyl d imethyl 

phosphothionote). The study was performed using conventional and 

d i f f e ren t i a l pulse vo l tammetry, both w i t h a rotatory g lassy carbon 

electrode. 

glassy carbon, e lectrode treatment. 

s 

CH 3 
Fenthion Femtrothion 

Portugalise Electrochimica Acta, 5 (1987) 135-146 



— 136 

These pes t i c ides are highly soluble in organic so lvents but f a i r l y 

insoluble in water. Fenthion i s quite re s i s tant to ac id and a lka l ine 

hydrolys i s wh i l e Feni t roth ion i s readi ly hydrolyzable in a lka l ine media. 

EXPERIMENTAL 

Apparatus and Reagents. 
A METROHM E-506 polarograph was employed coupled w i t h a METROHM 

628- 10 power source and a METROHM-628-50 electrode holder motor w i t h a 

glassy carbon work ing e lectrode METROHM EA-289/1BC, a METROHM 

EA -441 - 5 Ag/AgCl reference electrode, and a METROHM EA - 2 65 plat inum 

aux i l i a ry electrode. S t a t i s t i c a l treatment was car r ied out w i t h the 

"S tatwork " program for an Apple Macintosh computer. 

Methanolic so lut ions of the pest ic ides were prepared f rom the 

products in l i qu id form: Fenthion (Bayer, 96.5% pur i ty) and Fenitroth ion 

(Ze l t ia Agrar ia , 96% purity). A c e t i c ac id, sodium acetate, sodium hydroxide 

and Br i t ton-Robinson buf fer so lut ion were prepared f rom the corresponding 

reagent grade products. 

Procedure. 
When the e lectrode i s employed in anodic processes a pol i sh w i t h 

alumina and treatement in two steps, are recommended. The f i r s t of these i s 

a precondit ioning in so lut ions of supporting e l ec t ro l y te and appl icat ion of 

a constant potent ia l of +1.4 V f o r three minutes or carry ing out several 

success ive anodic sweeps. The second compr ises pretreatment and 

involves app l icat ion of a constant potent ia l of -1.2 V f o l l owed by another 

of +1.4 V fo r 30 sec each in so lut ions containing pest ic ide. 

In cathodic processes, the precondit ioning step i s ca r r ied out by 

applying a constant potent ia l of -1.2 V for 5 min or performing several 

cathodic sweeps in a deaereated supporting solut ion. 

The studies were conducted in the presence of 0.06M HAc,.0.04 M NaAc 

as supporting e l ec t ro l y te in 20% (v/v) MeOH/HgD. For the study of the 

inf luence of the pH 0.12 M Bntton-Romnson buf fer was used as the 

supporting e lec t ro l y te . A f t e r bubbling nitrogen through the so lut ions fo r 10 

min, when necessary, the corresponding voltammograms were recorded The 

potent ia l sweeps were made f rom -0.2 a to 1.2 V, w i t h a sweep rate of 

potent ia l s of 8 mV/s and a ro tat ion rate of the e lectrode of 1500 r.p.m for 
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the so lut ions of Fenthion and f rom 0.6 to 1.4 V w i t h rates of 5 mV/s and 
1540 r.p.m., respect ive ly , f o r the Fenitrothion. 

RESULTS AND DISCUSSION 

I.Treotment of e lectrode 

To study the behaviour of the glassy carbon electrode the l -V curves 

of so lut ions of each of the pes t i c ides were recorded by DPV a f te r subject ing 

the e lectrode to d i f fe rent t reatments. Having found the most su i tab le 

t reatment, the corresponding voltammograms were also recorded by the 

conventional technique. The inf luence of t reatment of the so l i d e lectrodes 

on the vo l tammet r i c response i s of such importance that i t s study 

cons t i tu tes a common denominator of a l l the works re lated to th i s f i e l d (4). 

The s o - ca l l ed "precondit ioning" step, a te rm introduced by Blaedel and 

Jenk in (5) me r i t s spec ia l cons iderat ion; i t can be car r ied out at any moment 

of the l i f e t i m e of the e lectrode, but spec ia l l y when i t has not been used for 

some t ime. 

For anodic processes and i f in f ac t the e lectrode has been used in the 

zone of cathodic potent ia l s , i t i s advisable to perform a precondit ioning 

step cons i s t ing in p lac ing the e lectrode in a so lut ion of supporting 

e l ec t ro l y te 8nd making several success ive anodic sweeps or applying a 

constant potent ia l of 1.4 v fo r three minutes. Under these condit ions, 

voltammograms of background so lut ion w i t h sma l l res idual currents and 

without peaks owing to the e lec t rochemica l ox idat ion of funct ional groups 

on the surface of the e lectrode are obtained. In th i s way the e lectrode can 

be used over several days. 

For cathodic processes the s i tuat ion i s s l i gh t l y d i f ferent : when 

success ive sweeps are performed 8 reduct ion wave appears owing to the 

reduct ion of ox id ized species ( f rom the so lut ion and the electrode) formed 

on the surface of the electrode. Th i s wave appears whenever the e lectrode 

has been previous ly held at very anodic potent ia ls . On success ive cathodic 

sweeps a decrease occurs in the reduct ion current and a s h i f t towards les s 

cathodic potent ia l s of the reduct ion of the medium. A f t e r 6 or 10 sweeps, or 

when applying 8 constant potent ia l of -1.2 v f o r 5 min, the reduct ion wave 

disappears (Figure 1 A). Identical behaviour i s observed when the e lectrode 

has been exposed to atmospher ic oxygen or when the e lectrode, 8 f te r 

pol ishing, drying and precondit ioning i s a l lowed to stand in deareated 
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background so lut ion fo r 24 hours. The f i r s t sweep of potent ia l s shows a 

reduction peak that in l a t e r sweeps disappears (Figure l B). 

E . V E . V 

f igure 1. Cathodic voltammograms of background solution f DPV). 
Freshly polished electrode. 
HAc 0.06 M NaAc 0.04 M CĤ OH 20 % (v/V) 
A) Successive sveeps : a) 12 fa) 22 c) 3* d) 8* 
B) At 24 hours : a) frrrhal sveep b) Llectrode at -1 2 V over 5 mm. 

Since i t i s imposs ib le to avoid the format ion of these reducible 

species on the surface of the electrode, it i s recommended to perform the 

cathodic precondit ioning step dai ly by applying a constant potent ia l of -1.2 

V fo r 5 min or several cathodic sweeps on a deaereated supporting solut ion. 

The resu l t s obtained (Figure 2) on several success ive sweeps a f t e r 

cathodic precondit ioning c l ea r l y show that th i s does not lead to a reducible 

surface, rather i t s i mpl ufc l eans t he surf ace of reducible species such that 

fo r to act i vate the electrode it i s necessary to perform a pretreatment. 
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Figure 2 chows the var iat ion in peak currents obtained as a funct ion 

uf the number of sweeps car r ied out in both zones of potent ia l w i t h the 

electrode recent ly pol ished and preconditioned. For anodic processes a 

decrease in the response w i t h the number of sweeps car r ied out i s observed 

(Figure 2); reaching almost constant values when the number of sweeps i s 

greater than 10. 

For cathodic processes (Figure 2) the behaviour i s s im i l a r , observing 

a decrease in the peak current w i t h the number of sweeps made and w i t h a 

constancy in the values fo r 8 s i m i l a r number of sweeps. 

In both cases, s i m i l a r responses are produced i f the electrode i s held 

at a su i tab le potent ia l (+1.4 or -1.2 V) fo r f i ve minutes. 
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f igure 2 Variation of peat currents v i t h the numDer of sveeps. 
iFen*jiiofi] :5.50 I0" 5M. iFenitnrihiofij :6.40 10"5M 

To opt imize the s t a b i l i t y of the vo l t ammetnc response several 

experiments were performed. A pol i sh ing of the electrode before each 

measurement leads to re su l t s that are not easy to reproduce. We also 


