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ABSTRACT

A selective and sensitive differential pulse polarographic method for the
determination of dinitramine was studied using dropping mercury electrode
(DME) inuniversal buffer of pH range2.0to 12.0. The peak observed for the
dinitramine are attributed to the reduction of nitro groups and showed to be
pH 5.0. A systematic study of various experimental conditions, such aspH,
scan rate and pulse amplitude were studied. The relationship between peak
current and dinitramine concentration was linear within the concentration
range of 1.0x107 to 1.0x10° mol I, The standard deviation and relative
standard deviation were found to be + 0.05 and 1.22% respectively. The
method is simple, sensitive and free from interferences of other pesticides
and diverse ions. The method has been satisfactorily applied to the deter-
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INTRODUCTION

Pesticidesarewiddy used to protect the cropsfrom
avariety of pests. The use of pesticidesbenefitsinin-
creasing agricultural production but the repeated and
indiscriminated usage of certain pesticideshaveledto
their accumulaionin plants, animals, soilsand sediments,
thus effecting widespread contamination of the envi-
ronment™. After application, the pesticide molecules
may undergo different pathwaysin theenvironment, de-
pending on thetypes of interaction with the soil com-
ponents?3. In soilsrichin organic matter or/and clay,
pesticide moleculesmay becomeimmobilised by strong
absorption“® that facilitatestheir degradation by sun-
light, microorganismsor chemical reactions. Inthese

cases, the degradation products may betoxicor not. In
minera soils, wheretheinteractioniscommonly very
weak, they may beleached by rain or irrigation waters
reaching rivers, damsor under-ground waters. Under
such circumstances, therisk of contamination of po-
table sourcesisquiteserious.

Dinitramine (N,N-diethyl-2,6-dinitro-4-
(trifluloromethyl) benzene-1,3-diamine) are selective
herbicide, which act by killing weed seeds asthey ger-
minate. Dueto the continuousincreasein theapplica
tion of such pedticide, the necessity of water andysisis
adwaysgrowing. Thetraditiona techniquesusedfor such
purpose areliquid chromatography and gas chroma-
tography with el ectron capture detection, whichisone
of themost adequate dueto thevery low value obtain-
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ablefor thedetection limit. Theseare HPLC-UVI¢9,
GC-ECDM1 gquare wave voltammetry (SWV)[2214,
However, the above techniques very expensive and
demanding well equipped |aboratory ingtdlaionsanda
well-trained analysisteam. On the other hand, €l ectro
analytical procedurescan overcomemany of such dif-
ficultiesby andysing environmenta sampleswithout ex-
tractionsand purification steps, thus shortening and un-
dervauing the pesticideanaysis. DPP determinations
of some nitro group containing pesticidesweredis-
cussed by Benadikovaet al.[*9,

Theam of thiswork isto study the e ectrochemica
behavior of theherbicidedinitraminein DMF solution
by differentia pulse polarography and to establish the
initia stepsin thedevelopment of an electro anaytical
procedureto analyzedinitraminein spiked waters, e-
ther pure from thelaboratory or polluted from local
urban creeks.

EXPERIMENTAL

Apparatus

Anaysiswerecarried out withanElicoModd CL-
362, three electrode system consisting of adropping
mercury el ectrode (DME) astheworking el ectrode,
anAg/AgCl referencedectrode and platinum el ectrode
ascounter eectrode. It wasoutfitted withaModel LX-
300" X-Y recorder. pH measurements were carried
out with Elicodigital pH meter. Dissolved air wasre-
moved from the solutions by degassing with oxygen-—
freenitrogenfor 10 minutes. All the experimentswere
performed at 28 + 1°C.

Reagents

Dinitramine (C ,H .F.N,O,) was obtained from
RdlisIndiaLtd. Thepurity of the compound wastested
by amelting point determination. Stock solution was
prepared by dissolving the required amount of com-
poundin dimethylformamide. Universa buffersof pH
range2.0to 12.0 wasprepared using 0.2M boric acid,
0.05M citric acid and 0.1M trisodium orthophos-
phate*. All thechemica sused wereof andytical grade.

Recommended analytical procedure
Stock solution (1.0x10-¢ mol 1) is prepared by
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Scheme1 : Reduction mechanism of dinitramine

dissolution of thegppropriateamount of thee ectroactive
speciesin dimethylformamide. 1.0ml of the standard
solutionistransferred into polarographic cell and made
upwith9ml of thesupportingdectrolyte (universal buffer
pH 5.0) and then deoxygenated with nitrogen gasfor
10 min. After recording the polarogram, small incre-
ments of standard solution were added, and the
polarograms are recorded after each addition under
similar conditions. In the present study, the best preci-
sion was obtained at pH 4.0 with adrop time of 2.0
sec, pulseamplitude of 50mV, and apeak potential for
dinitramineof -1.04 V respectively. Therelative stan-
dard deviation and correl ation coefficientswerefound
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to be 1.22% and 0.998 for the respective compound
for Sreplicants.

RESULTSAND DISCUSSION

Differential pulsepolarographicbehavior

The effect of the pH on the dinitramine peak po-
tential wastested. A single, well defined polarographic
peak hasbeen observedinthepH 5.0 (Figure1). This
single peak isattributed to thefacile s multaneousre-
duction of two nitro groups present in thetitle com-
pound in e ght el ectron reduction processto the corre-
sponding hydroxylaminegroup. The e ectrode process
for thedinitramineisfound to befreefrom adsorption
and diffusion controlled in naturewhichisconfirmed
through thelinear plotsof i | versusconcentration, and
i versust®® passing through theorigini*"*8, Thedlight
variation of the peak potential value of thetitle com-
pound wasfound to be pH dependent, and to shift to-
wards more negativeva uesaong with anincreasein
the pH of thebuffer system indicating thee ectrode pro-
cesstobeirreversible?,

Anaysisiscarried out using thecurrents obtained
for nitrogroup reductionin dinitramine. Itisobserved
that at pH 5.0, the nitro group reduction appearsat the
start of the potential. In alkaline solutions (pH 8.0to
12.0), thereduction of nitro group isnot easily facili-
tated owingtolessavailahility of protons. InpH 6.0the
peak observed to beless due to less number of pro-
tonsavailable. Asaresult protonated speci es concen-
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Figurel: Differential pulsepolarogramof dinitramineat pH 5.0
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trationislowered. Hence peak current isa so lowered.
But inpH 5.0 the concentration of protonated species
iIsmore hence high peak current isobserved. There-
fore, pH 5.0 was chosen as optimum pH for further
studies (Figure 2). Polarographic half wave or peak
potential ischaracteristic property for each electro ac-
tive species. Eventhough functional group (reducible
site) present inthe molecule, molecular structure, mo-
lecular weight, surrounding environment makethere-
duction at either lessor more potentialspossible, the
reduction he psinthe r determinationsin environmental
samples. Beforethe analysiswe haveto prepare blank
run for the samples (water and agricultural samples)
which areunder investigation. A definiteamount of the
herbicideisthen added to samplesand polarographic
sudieswerecarried out. If theblank givesany response
based ontheir E_ valueswe can assumethe other for-
eign substanceto be present inthe sample. Thisisthe
maor advantageof polarography rather than other tech-
niques. Inthe present investigation withinthe potential
range (0.80V to 1.60V) no signd other thantitle com-
pound is observed. Thisindicatesthat the proposed
methodisfreefrominterferences. Thepegk heightswere
foundto belinear over theconcentrationrange 1.0x10°°
t01.010”° mol I for dinitraminerespectively. Thelower
detection limitswasfound to be 1.02x107 mol I for
therespectivecompound. The detection limit wascal-
culated using the expression?? dl = 3x Sd/m, where
Sdisstandard deviation and m, the slope of thecali-
bration plot.

Deter mination of dinitraminein polluted water
River water samples, which received run-off water
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Figure2: Effect of pH on peak current in dinitramine
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TABLE 1: Determination of dinitraminein water samples

Sample Amount added Found Recovery D RSD
(ng/mh  (pg/ml) (%) (%)
0.2 0.199 99.50 0.045 0.05
Tap water 0.4 0399 99.75 0.034 0.12
0.6 0597 99.50 0.024 0.03
0.2 0.195 9750 0.018 0.14

River water
(Upper water) 0.4 0.398 99.50 0.016 0.06
0.6 0589 98.16 0.015 0.05
0.2 0.199 99.50 0.042 0.08

River water
(lower water) 0.4 0.400 1000 0.011 0.01
0.6 0599 99.83 0.028 0.06

* Aver age of five determinations + standard deviation

from agriculturd field, werecollected form pennariver
belt, Nelloredistrict, A.P, India. These sampleswere
filtered through aWhatman No.41 filter pgper. Aliquots
of water samplesweretakenina25mL graduated tube,
to it buffer solution was added and analyzed as de-
scribed above. Therecoveriesof dinitramineranged
from 97.50 to 100.0% and theresultsare summarized
inTABLE 1.

Determination of dinitramine in agricultural
samples

Vegetable samples, each of 25gm, weretaken, col-
lected fromagriculturd field, wheredinitraminehad been
sprayed asan herbicide. The sampleswere macerated
with two 20mL portionsof ethanol-demineraized wa-
ter (1+1), filtered throughaWhatmanfilter paper No.41
and filtratewas centrifuged at 1850g for10min. Inthe
filtrate was quantitatively transferred into a50mL cali-
brated flask and made upto the mark with 50% etha-
nol. Washingswerecollectedina25mL cdibrated flask
and aliquots were anal ysed as recommended proce-
dure. The residue of dinitramine was dissolved in
dimethylformamideand transferred to a 100 ml volu-
metric flask. Resultsobtained for the determination of
the herbicidesin vegetables samplesare presented in
TABLE 2. Recoveriesof dinitramineranged from 98.00
t0 99.87%, which indicates the accuracy and repro-
ducibility of theproposed differentia pulsepolarographic
method.

Calibrationgraph

Thecalibration graph waslinear intherangefrom
1.0x10%t0 1.0x10° mol I* and obeyed the equation
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TABLE 2 : Determination of dinitramine in agricultural
samples

Amount
Sample added ound  Recovery o popos)
(ng/ml) (%)
(g/ml)
1.0 0.99 99.00 0.050 0.08
3.0 2.99 99.66 0.022 0.12
Tamoto
5.0 4.98 99.60 0.028 0.04
8.0 7.99 99.87 0.012 0.11
1.0 0.98 98.00 0.045 0.18
. 3.0 2.98 99.33 0.032 0.02
Brinza
5.0 4,99 98.60 0.034 0.06
8.0 7.96 99.50 0.045 0.05

* Aver age of five determinations + standard deviation
y=0.129x + 0.162, wherey and x are the peak cur-
rent (LA) and dinitramine concentration (mol %), re-
spectively. Thedetection limit, estimated from 3times
the standard deviation, was 1.02x107. Differential
pul se polarographic method can be successfully used
for determinationsof dinitraminein water and agricul-
tural sampleswith good precision and accuracy of
results.

CONCLUSIONS

Theéeectrochemicd reduction of dinitraminewas
successfully studied by differentia pul se polarography.
Severa voltammetric parameterswere optimised and
theirinfluenceinthe pesk current or pesk potentid were
adequately described by theoretical modelsinvolving
el ectrode process, with the reagent strongly adsorbed
on the surface and the transference of eight electrons
per dinitraminemolecule. Intheanalytical application,
differential pulsepolarography showedto beavery fast
and sengitive techniquethat allowsreaching detection
limitsin the range of trace analysisin natural water
samplescollected from Pennariver belt, Nellore, A.P,
India. Thisisonemajor advantagesof thise ectroana
lytical techniquesinceit dlowsan economy of timeand
money intheenvironmenta monitoring of pesticidecon-
tamination.
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