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ABSTRACT

The electrochemical reduction behavior of Mevinphos has been studied
by using, differential pulse voltammetry, cyclic voltammetry,. The determi-
nation of mevinphos in spiked human urine samples is carried out by
using polythiophene modified glassy carbon electrode. Mevinphos ex-
hibited single, well-defined peaksat pH 2.0 in Britton-Robinson (BR) buffer
solution. The standard deviations of various spiked urine samples were
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found in between 0.060 to 0.20 and relative standard deviations were ob-

served in between 0.50t0 1.21%.

INTRODUCTION

Organophosphate pesticidesused in agricultureare
highly toxicto variouscrop pestsandinsects. Dueto
their toxicity, they present serioushealth hazardswhen
enter food and water. Hence, accurate determination
of these pesticidesismoreimportant to control pesti-
cide pollution. Themost widely used methodsfor the
determination are based on GC1Z LC!¥ and HPL C-UV-
MS4. Electroandyticd techniquesoffer smpleandre-
liablemethodsfor theanalysisof pesticides®. Thesen-
Sitivity and selectivity of voltammetric techniquescan
beincreased manifold by using chemically modified
electrodesfor their detection. OP pesticidesare deter-
mined using electrode modified with clay!®,
hexadecane!”, ZrO,!¥, nafion'® Bismuth film*% and
NanoAg/nafion™. Conducting polymershaveattracted
attention because of their well-defined e ectrochemica
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properties. Conducting polymer modified el ectrodes
provideenhanced senstivitiesand fast el ectrochemica
response based on increased surface areaof the elec-
trode and electrical conductivities. A large number of
investigations areavail able on the use of conducting
polymer based sensorsand biosensorsfor the determi-
nation of pesticides. Acetyl choline esterase biosensor
based on CNT/Polypyrrole-polyaniline copolymer is
devel oped for the determination of OP pesticides*?.
Au-polypyrrole nanocompositebased on acetylcholine
esteraseisused for the determination of methyl par-
athion*3, Conducting polymer/multi walled carbon
nanotube based el ectrodes are empl oyed for the de-
termination of somecommon pesticides*. Polypyrrole
modified dectrodeisused for thedetermination of pes-
ticides, carbendazim and i soproturon®®.,
Mevinphos(2-methoxycarbonyl-1-methylvinyl dim-
ethyl phosphate) is an organophosphate insecticide
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whichismost commonly used for the control of mites
andinsects. Thestructureisshownin Schemel. It acts
asan acetylcholinesteraseinhibitor to control insectsin
awiderange of crops. The present work isfocussed
onthedetermination of mevinphosingpiked humanurine
samples by using polythiophene coated glassy carbon
electrode by differential pulse adsorptive stripping
voltammetry and cyclic voltammetry.
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Scheme1: Sructureof mevinphos

EXPERIMENTAL

Apparatusand reagents

Electrochemicd studieswerecarried out by Autolab
PGSTAT 101 supplied by MetronmAutolab B.V., The
Netherlands. A three el ectrode system comprising of a
glassy carbon electrode (GCE) asworking e ectrodes,
Ag/AQCI as areference electrode and Pt wire as a
counter el ectrode obtained from Metrohm, The Neth-
erlandswasemployed. An Elico LI-120 pH meter sup-
plied by Elico LTD, Hyderabad, Indiawasused to de-
terminethepH of the buffer solution.

All thereagentsused in thisstudy were ana ytical
grade. Doubledistilled water was used throughout the
experiment. Mevinphos pesticide and thiophenewas
obtained from SigmaAldrich, India. Britton-Robinson
buffer was prepared from the appropriate amounts of
orthophosphoric acid, boric acid, sodium hydroxide
monohydrate and acetic acid. all other chemical were
obtained from E-Merck (India).

Prepar ation of polythiophenemodified electrode

Conducting polymers are generally used for the
preparation of e ectrochemical sensors becausethey
have good e ectrical conductivitiesand high surfacear-
eas. Among thedifferent polymers, polythiophenefilms
appear to bean dternativemethod for e ectrochemica
studies. Prior to usetheworking el ectrode (glassy car-
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bon) was polished with duminapowder (AlLO,, 5 um)
onapalishingclothandrinsedwithdoubledidilled water.
Using cyclic voltammetry, pol ythiophenewas depos-
ited by scanning the potential of the el ectrode from -
0.1V to+1.8V vs.Ag/AgCl inasolution of 0.1 M
thiophene and 0.02 tetrabutyl ammonium perchlorate
in acetonitrilesolution. Thethickness of the polymer
film (100 nm) was controlled by the number of poten-
tid cyclesweeps. Thedectrodewasrinsed with double
distilled water and takeninthedectrolyticcell.

Voltammetric deter mination of mevinphos

A suitable amount of mevinphoswas accurately
welghed and then dissolved in ethanol. The content was
alowed to settleafter stirring magnetically for 10 min-
utes. Thesamplesolutionwasfiltered through awhatman
no.42 filter paper. Appropriate solutionswere prepared
by taking suitable aliquotsof theclear supernatant lig-
uid and diluting them with B-R buffer solutionin order
to obtainafinal solution of 1.0 X 10°M mevinphos.
Thesolutionwastransferred to avoltammetric cell and
the voltammograms were subsequently recorded fol -
lowing theoptimized conditions. Typicd differentia pulse
adsorptive stripping voltammogram and blank signal
wereshownin Figure 2.

16

B -

5.6

4.6

rent/pd

36

Cur

pa-

1.6

1) = - =
2B =L -3 _14 “1.5 B PR R . |

Potential /'

Figure 1 : Differential pulse stripping voltammogram of
M evinphos(a) at pH 2.0. Concentration: 0.01 mM, Deposition
time: 30 sec., Pulseamplitude: 50 mV and blank solution (b)

RESULTSAND DISCUSSION

Effect of pH

Electrochemical reduction behaviour of mevinphos
has been examined over the pH range of 2.0t0 12.0.
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In acidic solutions (pH<7) mevinphoswasfoundtogive
asinglewell defined cathodic wave/peak which was
attributed to thereduction of the carbonyl grouptothe
corresponding hydroxyl derivativein atwo electron
process. Nowavesare observed inthebasic medium
(pH>7) dueto the precipitation of the electro active
species. Thedight variation of thewave potential val-
ues of thetitle compound wasfound to be pH depen-
dent and potentid shiftstowards more negativevalues
alongwith anincreaseinthe pH of the buffer system
indicating the e ectrode processto beirreversible. The
diffusion current and diffusion coefficient valuesare
found to decreasewithincreasein thepH the solution.
Thistrend showsthat thereaction schemeinvolvessuc-
cessiveproton and eectrontransfersin acidic media.

Cyclicvoltammetric studies

Typical CV plot for title compound was shownin
Figures2. Millicoulometry employed at pH 2.0tofind
out thenumber of electronsinvolved inthe electrode
process.
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Figure2: Cyclic voltammogram of mevinphosat pH 2.0;
concentration: 0.01 mM; scan rate: 50mVs?

A peak at wasfound dueto thereduction of >C=0
group of thecompound under study. Therewasno an-
odic peak observed inreversedirectionwhichindicates
that thereactionisirreversiblein nature. Based onthe
results obtained, the ectrochemical reduction mecha:

nism of mevinphos can be proposed asin Scheme 2.
Research & Reotews On

-

Thenumber of electronsinvolved inthereduction pro-
cesswasfoundtobe 2.
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Scheme2: Electr oder eduction mechanism of mevinphos

Standard addition method was used for the analy-
sisof themevinphos. The peak current wasfound to
vary linearly with the mevinphos concentration over the
rangeof 1.0x 10°to 1.25x 10°M. Thedetection limit
wasca culated usngtheexpressond =3x Sd/m (where
Sd wasthe standard deviation and m wasthe d ope of
thecalibration plot) isfoundto be0.32 x 10°M.

Deter mination of mevinphosin spiked human urine
samples

Mevinphoswas andysed by the standard addition
method. Thestandard solution (1.0x 10°M) waspre-
pared by dissolving the appropriate amount of the
mevinphosin Ethanol. Oneml of the tandard solution
istransferred to the polarographic cell and madeupto
10 ml withthesupporting el ectrolyteto get therequired
concentration and then deoxygenated by purging nitro-
gen gasfor 10 min. After recording the polarogram,
smdll incrementsof the standard solutions (0.5ml) were
added and then polarograms were recorded for each
addition under similar conditions. Theoptimum condi-
tionsfor thedetermination of mevinphosat pH 4.0 were
found to beadrop timeof 2 sec, apulseamplitude of
50mV and an accumulation potential of -0.27V. The
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relative standard deviation and correl ation coefficient
values were found to be 1.64%and 0.9423 respec-
tively for 6 replicate determinations.

For analysisof mevinphosin spiked human urine
samples, different amountsof mevinphoswereadded
to afixed volume of urine sample. A small portion of
these spiked urine sampleswerediluted with support-
ing el ectrolyte and polarogram recorded. Therecovery
was found to be 97.6-99.0% with relative standard
deviation of 0.60-1.21%. The determination of
mevinphosinurinesamplesarepresentedin TABLE 1.

TABLE 1: Recoveriesof mevinphosin spiked human urine
samples

Relative
Aangggt Found Recovery® Standard Standard
Sample . mM (%) deviation deviation
inmM
(%)
10 9.87 98.7 0.0919 0.925
sample A
20 19.76 98.8 0.1697 0.854
10 9.76 97.6 0.1697 1.718
sample B
20 19.6 98.0 0.2828 1.428
10 9.88 98.8 0.0849 0.854
sampleC
20 19.8 99.0 0.1414 0.711

a. number of determinations = 6

To assessthereliability of the proposed method
weeva uated thecritical factorssuch asdetection lim-
its, rangeof calibration, accuracy and precision. The
surface adsorption and catalytic activity of the
polythiophene coated GCE provided high sensitivity thet
can be applied for the determination of mevinphos.

I nterferencesstudies

Therequired quantity of mevinphoswasdissolved
in Ethanol to achieve stock solution concentration of
1.0 X 10°M and 1.0 ml of stock solution was added
to each human urine samples. They were stirred mag-
neticaly for 10 minutes and filtered through afilter pa-
per (whatman no.42) and added 9.0 ml of B-R buffer
solution. The sampleswere determined by above de-
scribed method without any significant deviation of Sg-
nal in the presence of 500 ppm of uric acid, ascorbic
acid and dopamine.

CONCLUSION

The voltammetric study and determination of
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mevinphosis carried out using polythiophene based
nanosensor in human urine samples. Theaccuracy and
precision of the present method was checked by the
analysisof known amount of mevinphospesticidein
spiked human urinesamples. Theresultsobtained im-
ply that the devel oped method issimple, rapid, very
sengitiveand sdectivewith good cost effectivity.
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