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Abstract: A gold electrode was used for the qualitative and quantitative el ectro-
chemical determination of analytical methomyl in a neutral electrolyte (0.050
M NaHCO,) using cyclic linear sweep voltammetry. In the potential range
from —-800 mV vs. SCE to 1000 mV vs. SCE the analytical methomyl was
quantitatively determined in the concentration range 4.0-16 mg L1, In the po-
tential range from —1300 mV vs. SCE to 1300 mV vs. SCE, methomyl was
qualitatively determined by two anodic and four cathodic reactions. Cycling the
potential in this range for 150 min caused the degradation of the molecule, which
was confirmed by HPL C analysis. On the other hand, technical methomy! exhi-
bited an inhibition of the gold electrode surface due to the impurities.

Keywords: insecticide; methomyl; gold electrode; cyclic voltammetry.

INTRODUCTION

Methomyl (Fig. 1) is a broad-spectrum thiocarbamate insecticide, which was
introduced in 1966.1 It is also used as an acaricide to control ticks and spiders,
for foliar treatment of vegetable, fruit and field crops, cotton, commercial orna-
mentals, and in and around poultry houses and dairies. Furthermore, it is used as
afly bait.2 Methomyl is effective in two ways: &) as a “contact insecticide” be-
cause it Kkills the target insects upon direct contact and b) as a “systemic insec-
ticide” because of its capability to cause overall “systemic” poisoning of the tar-
get insects, after it is absorbed and transported throughout pests that feed on the
treated plants. It is capable of being absorbed by plants without being “phyto-
toxic” or harmful to the plant. It is a very toxic and hazardous compound and an
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environmental pollutant of concern because of its high solubility in water (57.9
g/L at 25°C).3
S——CH,

Hy,C——NH N

) CH
// 3 Fig. 1. Structure of methomyl; IUPAC name:
S-methyl-N-(methylcarbamoyloxy) thioacetimidate.

Different thiocarbamate herbicides were the subject of electrochemical stu-
dies using different electrodes. 42 Methomy!l and aldicarb were detected by fast
scan differential voltammetry with a hanging Hg drop electrode.# Later, the elec-
trochemical behaviour of methomyl was studied using d.c. and a.c. polarography,
differential pulse polarography and cyclic voltammetry in ethanol—-water mixtu-
res. It was found that methomy! undergoesirreversible four-electron reductions.®
Mogyorody®-8 published the results of studies of the electrochemical degradation
of several thiocarbamates in NaCl solution using a Pt electrode. Pulsed ampero-
metric detection at a gold electrode was used for the separation of eight pestici-
des in reversed-phase liquid chromatography, including methomyl.® Current—po-
tential curves were abtained by cyclic voltammetry at a gold, rotating-disc elec-
trode in 50 % (v/v) acetonitrile in acetate buffer.

In studies of the degradation of organic compoundsl© and the electrochemi-
cal behaviour of physiologically active compounds,11-13 a study the electroche-
mical behaviour of methomyl was included. Analytical and technical methomyl
were used in order to develop an electrochemical method for the qualitative and
guantitative determination of methomyl. Methomyl was examined at a gold elec-
trode in a neutral electrolyte using cyclic linear sweep voltammetry. HPLC was
used for analysing the bulk electrolyte during the electrochemical reactions.

EXPERIMENTAL

Analytical methomyl (99.8 %, analytical standard) and technical methomyl (98 %) were
obtained from DuPont. Before each experiment, a fresh solution of methomyl in 0.050 M
NaHCO; (methomyl concentration = 16 mg L-1) was prepared. The solution was added direct-
ly into the cell and than purged with nitrogen during each experiment.

The NaHCO; used as the supporting electrolyte was of analytical grade (Merck). The
solutions were prepared with 18 MQ water. Standard equipment and a three electrode el ectro-
chemical cell were used for the cyclic voltammetry measurements, as previously described in
detail.12-13 Polycrystalline gold (surface area 0.50 cm?), which served as the working elec-
trode, was polished with diamond paste and cleaned with a mixture of 18 MQ water and sul-
phuric acid. A platinum wire was employed as the counter electrode and a saturated calomel
electrode (SCE) as the reference electrode. All the potentials are given vs. SCE. The electrode
surface was controlled by cyclic voltammetry before each experiment. Prior to the control of
the electrode surface and before the addition of methomyl, the electrolyte was purged with
nitrogen. All the experiments were performed at room temperature.
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The characteristics of the HPLC instrument were as follows: HPLC Instrument GBC,
pump LC 1120, UV-Vis detector LC 1205, operating at 234 nm, manual injector RHEO-
DYNE 7725i, column ZORBAX Eclipse XDB-C8 (4.6 mmx150 mm, 5 pm), mobile phase
acetonitrile-water (25:75, flow rate 1.0 cm3 min'1).

RESULTS AND DISCUSSION

The reactivity of methomyl (analytical and technical) was investigated on a
gold electrode in 0.050 M NaHCO3 by cyclic voltammetry. On a gold electrode,
in the potential range from —800 mV vs. SCE to 1000 mV vs. SCE, the analytical
methomy! exhibited one anodic and two cathodic reactions and the observed ano-
dic reaction was later used for its quantitative determination. In the potential
range from —1300 mV vs. SCE to 1300 mV vs. SCE, methomyl exhibited two
anodic and four cathodic reactions (Fig. 2). The potential was cycled in this range
for 150 min in order to follow any possible changes of these anodic and cathodic
reactions with time. It is obvious from Fig. 2 that the anodic peak at 1200 mV vs.
SCE increased with time from 0.46 mA cm2 (first cycle) to 0.80 mA cm—2 at the
end of the cycling. The anodic peak, which appeared at the beginning of oxide
formation at the gold electrode, at 600 mV vs. SCE was dlightly higher and shift-
ed 30 mV to more negative potential values at the end of the cycling. The four
cathodic peaks remained unchanged during the cycling.
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Fig. 2. Cyclic voltammogram of an Au electrode in 0.050 M NaHCO; (dashed line) and in the
presence of the methomy! solution (concentration 16 mg L") in 0.050 M NaHCO; (full line;
a,0; b, 30; ¢, 60; d, 90; e, 150 min of continuous cycling);sweep rate: 50 mV s1,

Available online at www.shd.org.rs/JSCS
2009 Copyright (CC) SCS



576 TOMAZEVIC et al.

The observed reactions presented in Fig. 2 indicate the degradation of the
methomyl molecule in 0.050 M NaHCOs. In order to check this assumption,
HPLC analysis was performed before the electrochemical experiment and after
30, 60, 90 and 150 min of potential cycling under the conditions presented in Fig.
2. The results of the HPLC analysis are presented in Figs. 3 and 4. Fig. 3 shows
the change in the methomyl concentration given as normalized concentrations
(c/co, where c is the methomyl concentration at time t and cg is the initial me-
thomyl concentration) vs. time, while Fig. 4 represents the HPLC chromatogram.
As can be seen, the starting molecule, which represents the analytical product,
contained only small amounts of impurities. The HPLC analysis showed a small
decrease in the methomyl concentration after the electrochemical reactions (less
than 6 %).

As mentioned previously, pulsed amperometric detection at a gold electrode
was used for the separation of eight pesticides, including methomyl, in reversed-
-phase liquid chromatography, and the anodic reaction at the beginning of oxide

CiCo

. , , , : Fig. 3. Change in the methomy!
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formation was used for the quantitative determination.® The limit of detection for
methomy!| was found to be below 80 pug cm=3 (80 mg L1).

On the gold electrode, in the potential range from —800 to 1000 mV vs. SCE,
the anodic reaction which commences at the beginning of oxide formation was
used for the quantitative determination of the analytical methomyl. This range of the
potential was selected in order to avoid apparent methomy! degradation at 1200
mV and two cathodic reactions in the potential range from —800 to —1300 mV.

The voltammogram presented in Fig. 5 shows that each investigated metho-
myl concentration gives only one very clear, wide and reproducible anodic peak
in the concentration range 4-16 mg L—1, which followed a linear relationship cor-
responding to the equation:

ipa/ MA cm—2 = 183.8+2.9x10-3 + 3.9+0.2x103 ¢/ mg cm—3 @)
r =0.9953
This type of the equation was successfully applied for the quantitative deter-

mination of different small concentrations of macrolide antibiotics on a gold14.15
and on aglassy carbon electrode.1>-17

3

0.3

i/ mAcm—2

0.2

0.1

st trd
-800 -400 0

E{mV

Fig. 5. Cyclic voltammogram of an Au electrodein 0.050 M NaHCO5 (dashed line) and in the
presence of the methomyl solution (4-16 mg L") in 0.050 M NaHCO;
(full ling; a, 4; b, 8; ¢, 12; d, 16 mg L"1); sweep rate: 50 mV s,

The obtained relationship can be used for the quantitative determination of
analytical methomyl at lower concentrations in comparison to the literature va
lue.® The selected concentration range was based on the methomyl concentra-
tions used in a previous study,10 in which the reaction of methomy! photodegra-
dation was followed by UV spectroscopy. The standard error of the correlation
was found to be 2.37x10-3, while the standard deviation and the error of the
measurements were 2.13x10-3 and 6.15x10~4 mA cm2, respectively. This rela-
tionship isalso givenin Fig. 6.
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On the other hand, when technical methomyl was subjected to the same ex-
perimental conditions, an inhibition was observed due to the presence of impurities.

CONCLUSIONS

A gold electrode was successfully employed for the qualitative and quanti-
tative electrochemical determination of analytical methomyl in a neutral electro-
lyte (0.050 M NaHCOs3) using cyclic linear sweep voltammetry. In the potential
range from —800 to 1000 mV vs. SCE, the analytical methomyl was quantitati-
vely determined in the concentration range 4-16 mg L—L. In the potential range
from —1300 to 1300 mV vs. SCE, methomy! exhibited two anodic and four catho-
dic reactions and its electrochemical treatment for 150 min showed the disap-
pearance of the molecule. HPLC analysis of the bulk of electrolyte showed a de-
crease of the methomyl concentration because of the electrochemical reactions
which had occurred. The same experiments could not be performed with the tech-
nical methomy! due to the inhibition effect of impurities present in such a product.

Acknowledgments. The authors are grateful to the Ministry of Science and Technological
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M3BOJ

TMTPOYYABAE EJIEKTPOXEMUMICKOI' TIOHAITAKBA METOMMJIA
HA EJIEKTPOJU O[] 3JIATA Y HEYTPAJIHOM EJIEKTPOJIUTY

AHBEJIKA B. TOMAILEBARY, MUJIKA JI. ABPAMOB UBWRZ, CJIOBOJIAH JI. [TETPOBUR>?,
MURA B. JOBAHOBUR® u IVIIAH XK. MUTUH®

Ylenimiap 3a fieciuyude u sawi@iuiiy xusoiine cpedune, Banaiicka 316, Beozpad-3emyn, 2UXTM — Lenitiap 3a
eaekiupoxemujy, thezowesa 12, beozpao, 3TexH0ﬂoumo—MelZm/lymeu pakyaitein, Kapnezujesa 4, beozpao u
X emocpapm zpyiia, Papmayeyiticka u xemujcka uHoyciipuja, Bpuay

VY pamy cy nmaté pesyiTaTH MCIHTHBAama €IEKTPOXEMHjCKOT IIOHAIama aKTHBHOCTU METO-
MiIa (aHATUTHYKOT ¥ TEXHHYKOT IIPOM3BO/IA) HA CJICKTPOIHM OJf 3J1aTa Y HEYTPATHOM EJIEKTPOIUTY
(0,050 M NaHCOg). HPLC je xopumhena 3a aHanu3y eIeKTPOJIHTA Y TOKY €JIEKTPOXEMHjCKe pe-
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akiuje. MakciuManHa BpeIHOCT BUCHHE CTPYJHOT BpXa OKCHIALMje YHCTOr MeTommia Ha 600 mV
npema 3KE y 0,050 M NaHCO5 na 50 mV s je nuneapna ¢ynxumja meroBe Konmentpammje y
oncery 4-16 mg L1 mrro je omoryhnno paseujame MeTose 3a HEroBO KBAHTHTATHBHO oxpeljiBa-
Be. AHAINTHYKA METOMIJI je KBaIUTaTHBHO opeleH AeTeKI1joM PenpoayKTHBHE YETHPH aHOHE
U jenHe KaTojHe peakiyje y orcery norenuujana ox —1300 o 1300 mV npema 3KE. Ilorennumjan
je umkim3upan 150 min y HaBeeHOM OICery W aHajn3a aHOJHUX M KaTOJHHX peakiuja Ha Mover-
Ky, y TOKY ¥ Ha Kpajy OUKIN3Mpamka MOTEHIHjala je yKa3aia Ha JAerpaalijy MOJIEKyIa METOMHUJIA.
Toxom nuknm3upama norernujana, HPLC ananm3a enekTponmTa je mokas3aja CMameme KOHIICH-
Tpauuja MeTOMUIIa Kao MOCJIEIUIlY HheroBe aerpajanuje. TeXHHUYKH MEeTOMMII HHje TOroJaH 3a Uc-
MTUTUBAE M0/ HABE/ICHUM yCJIOBHMA jep MPUCYTHE HEUHCTOhe NHXUOMPAjy TOBPIIMHY eIeKTPOJIE.

(Mpumsbero 9. nenemGpa 2008, pesuaupano 16. janyapa 2009)
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