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ABSTRACT

A selective and sensitive differential pulse polarographic method for the
determination of bromethalin was studied using dropping mercury elec-
trode (DME) inuniversal buffer of pH range 2.0to 12.0. The peak observed
for the bromethalin are attributed to the reduction of nitro groups and
showed to be pH 5.0. A systematic study of various experimental condi-
tions, such as pH, scan rate and pulse amplitude were studied. The rela-
tionship between peak current and bromethalin concentration was linear
within the concentration range of 1.0 x 10°to 1.0 x 10° mol I, The stan-
dard deviation and relative standard deviation were found to bet0.05 and
1.22% respectively. Themethod issimple, sensitive and freefrominterfer-
ences of other pesticides and diverse ions. The method has been satisfac-
torily applied to the determination of bromethalininwater and agricultural
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INTRODUCTION

Bromethain [o,a,0-trifluoro-N-methyl-4,6-dinitro-
N-(2,4,6-tribromophenyl)-o- toluidine] isanew com-
mercia dinitroaniline rodenticide for the control of
comensal rodents.

Current methodsfor the analyss of pesticides con-
taining nitro group compoundsinvolveether liquid—
liquid extraction, solid-phase extraction (SPE)*or
supercritical fluid extraction (SCFE) and solid phase
micro extraction (SPME)@. The main disadvantages
of these methodswere use of large quantities are often
toxic and not eco- friendly solvents, the elaborate clean-
ing up time-consuming procedures and the need for
concentration of ana ytesbeforeandysis®+9. reported

high performanceliquid chromatography with UV-VIS
spectrometric and HPL C negative-ion Atmospheric
pressure chemica ionization (APCI)-Mass spectromet-
ric approches which commonly used for detection and
confirmation of bromethain®, reported TLC extended
by GC/M Sto determine bromethdin in environmenta
sampled”, employed GC-M S method for determina-
tionof bromethdinin dimethilated form.

APPARATUSAND REAGENTS

Thed ectrochemica measurementswerecarried out
with Elico-362 polarographic anal yser. Three ectrode
systems consisting of dropping mercury e ectrode
(DME) asworking e ectrode, AQ/AQCI (saltK Cl) was
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used as areference electrode and aplatinumwire as
an auxiliary displaysnegative potentid dectrode which
range. Elico Li-129 model glass calomel combined
el ectrode wasemployed for measuring pH vaues. All
reagents used were of analytica reagent grade. Double
distilled water was used throughout the experiment. In
the present investigation universa buffers of pH range
2.0to 12.0 are used as supporting e ectrolytesand are
prepared by using 0.2M boric acid, 0.05M citricacid
and 0.1M trisodiumorthophosphate solutions.
bromethdin obtained from RalisIndiaLtd., Bangdore,
India. The purity of the pesticide samplewastested by
thin layer chromatography and a so melting point de-
termingtions.

DIFFERENTIAL PUL SE POLAROGRAPHIC
BEHAVIOUR

At DME bromethdin (1x10°M) exhibitsawell de-
fined differentid pulse polarogram (Figurel). The sys-
tematic sudies of the various experimenta and instru-
mental parametersthat affect the polarogram responseis
carried out in order to establish the optimum conditions.

EFFECT OF PH

ThepH of asolutioniscriticd factor affecting both
therate and equilibrium state of the reduction process
and therate of the e ectrode reaction. Theinfluence of
the pH on the DPP response was studied at dropping
mercury e ectrode of the 1x10° M for bromethalin be-
tween the pH ranges 2.0 to 12.0. It can be observed
from FHgure 2, the maximum pesk currents are obtained
with pH 6.0. When the pH was increased from 8.0 to
12.0, the pesk potentids shifted towards more negetive
vaues

EFFECT OF SCANRATE

Polarograms obtai ned for increasing values of the
scan rate showed the existence of alinear dependence
of the peak current intensity on the scan rate between
40 to 60 mVs?. The peak currents were directly pro-
portional to the scan rate indicating that the system

was adsorption controlled.
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CHARACTERISATION OFWAVES/PEAKS

Thedectrochemica behaviour of bromethain was
examined over the pH rangefrom 2.0t0 12.0. A single
well defined peak is observed throughout the pH range
indl abovetechniques. Thissnglepesk isatributed to
thereduction of two nitro group in bromethaininvolve
in 8 electron processto the corresponding hydroxy-
laminegroup. Thetypica cydicvoltammogramsof these
two compoundsareshown in Figure 3.

In cyclicvoltammetric experiments, asmall anodic
peak (a1) has been observed in the reverse scan at
higher pH values (pH >10.0) for bromethain. In the
second scan, another small cathodic pesk (c2) a more
positive potentia sthan (c1) is noticed. Theanodic pesk
(a1) may be due to the oxidation of hydroxylamine
formed at (c1) to nitroso derivative and the cathodic
peak (c2) may be attributed to the reduction of the
nitroso derivativeto the hydroxylaminegroup again.

IDENTIFICATION OF THE PRODUCT

In acidic medium hydroxylamineisthefind prod-
uct and number of eectronsinvolved inthereduction
processiseight in universalbuffer withpH 6.0 it isevi-
denced by theresultsobtainedin millicoulometrictech-
nique.

KINETIC DATA

Thevaluesfor transfer coefficient (), diffusionco-
efficient (D) and heterogeneous forward rate constant
(k°f h) at various pH vauesin cyclic voltammetry tech-
niqueweregiveninTABLE 1.

The forward rate constant (k% h) values for
bromethalin isfound to decrease withincreasein pH.
Thistrend showsthat the el ectrode process becomes
moreirreversiblewithincreasein pH of thesolution.

ANALYSIS

Differentia pulse polarography hasbeen used for
quantitative estimation of bromethainusing both cali-
bration and standard addition methods. The polaro-
graphic peak is attributed to the reduction of two nitro
groups and is preferred for the analysis of agriculture
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and water samples. Theoptimum pH for obtaining well
resolved peak for gquantitative determination of
bromethainisfoundto be6.

Investigated compound isfound to exhibit well re-
solved peak a pH 6.0, and the sharp well resolved
peak was chosen for quantitative studies. Peak cur-
rentswerelinear over the bromethalin concentration
range of 1.0 x 10°M to 1.0 x10° M with lower de-
tection limitsof 1.09x 10 M. There ative standard
deviation and correlation coefficientsarefound to be
1.25%, 0.996 respectively for 10 replicates.

DETERMINATION OFBROMETHALININ
SPIKED WATER SAMPLES

River water samples, which received run-off wa-
ter from agricultura field, werecollected from penna
river belt, Nelloredistrict, A.P, India. These samples
werefiltered through a Whatman No.41 filter paper
and spiked with known amount of bromethalin.
Aliquotsof water samplesweretakenina25mL gradu-
ated tube, to it buffer solution wasadded and analysed
as described above. The average recoveries obtained
for bromethalin in above two samples ranged from
98.33 t0 99.80% and the resultswere summarized in
TABLE 2.

DETERMINATION OFBROMETHALININ
AGRICULTURAL SAMPLES

Vegetablesamples (peas & spinach) collected from
agricultura fieldsand each of 25gm weretaken. The
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sampleswere socked with two 20ml portions of etha-
nol- demineralized water(1+1), filtered through a
Whatman filter paper No.41 and thefiltratewere added
with known amount of bromethalin and centrifuged at
1850gfor 10 min. Thefiltrate was quantitatively trans-
ferred into a50mL calibrated flask and made upto the
mark with 50% ethanol. Washingswere collected ina
25mL calibrated flask and aliquots were anal ysed by
DPP procedure described above. The residue of
bromethalinwasdissolvedin dimethyl formamideand
transferred to a100 mL volumetric flask. Results ob-
tained for the determination of the bromethdinin veg-
etables samples presented inTABLE 3. Themeanre-
coveries obtained for bromethalin in two vegetable
samplesranged from 98.50 to 99.83%, which indicates
the accuracy and reproducibility of the proposed dif-
ferentid pul se polarographic method.

TABLE 1: Typical cyclic voltammetric data of bromethalin
concentration: 0.5mM, scan rate; 40 mVs?

pHofthe g " j o Dx10° Kk ,h

supporting - = 2o I

electrolyte V. pA TNa cm's™ cms
2.0 072 94 072 403 61'8.‘}3"
40 085 96 083 362 21'323"
6.0 073 68 093 268 91'3?12‘
8.0 114 90 137 245 zl'gﬁé‘
10.0 130 88 145 223 41'(2).817’(
12.0 144 70 154 210 31'(2)?13‘
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Scheme1: Electr ode mechanism of bromethalin
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TABLE 2: Recoveriesof bromethalinin spiked water samples

Amount Amount Recover Standard
Sample  added found (%) y deviation
(ng/mL)  (pg/mL)
0.3 0.299 99.66 0.055
Tap 0.5 0.499 99.80 0.024
water
0.7 0.697 99.57 0.014
) 0.3 0.295 98.33 0.028
River 05 0.498 99.60 0.026
water
0.7 0.689 98.42 0.035

TABLE 3: Recoveriesof bromethalinin spiked agricul-
tural samples

Amount  Amount Recover Standard
Sample added found (%) y deviation
(ng/mL)  (pg/mL)
2.0 1.96 98.00 0.040
4.0 3.95 98.75 0.032
peas
6.0 5.99 99.83 0.038
8.0 7.88 98.50 0.012
2.0 1.98 99.00 0.035
. 4.0 3.98 99.33 0.022
spinach
6.0 5.95 99.16 0.014
8.0 7.96 99.50 0.045
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Figurel: Differential pulsepolarogram of bromethalin at pH
6.0 concentration: 1x10°M; pulseamplitude: 50mV ; drop
time: 2sec.
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Figure3: Typical cyclic voltammogram of bromethalin for an

accumulation time of 80 sec at HM DE; accumulation poten-

tial: -0.5V; rest time: 10 sec; stirring rate: 1500 rpm; scan
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