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Abstract: A simple kinetic catalytic method for the deterntion of dichlorvos is described. The method is
based on its catalytic effect on oxidation of rhod# B by potassium bromate in sulfuric acid medidime
reaction has been followed spectrophotometricallyneasuring the decrease in the absorbance of mhnd@

at 555 nm. A fixed time method of 240 s from iftiti@ of the reaction was used. Under optimum caorait
the proposed method allows the determination dildigos concentrations in the range 0.04-0.4 pg mith
molar absorptivity of 1.97x2@ mol'cmi’. The limit of detection and quantification wer@D8 and 0.055 pg
mL™, respectively. The method was found to be semsitelective and was applied for the determination
dichlorvos in food materials with satisfactory riésu
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I ntroduction

Pesticides have made major contributions to aducelland disease control, but widespread use has
created serious concerns regarding their effecthe@mnvironment and on human health. During regeats,
organophosphorus pesticides have been widely usedgiiculture because of their low environmental
persistence and high effectivene®®rganophosphorous pesticides are widely used iitudyre and their
properties provide numerous benefits in terms oflpction and quality increas@heir toxicology is important
because of the frequent accidental exposure to hsimaring their widespread use in farming and besai
the non occupational exposure through environmentges “ The organophosphorous insecticides and their
activated metabolites are potent anti-cholinesésrganti- ChEs) which display a wide range of atoxecity
levels in mammals.

Dichlorvos, 2,2-dichlorovinyl®,0-dimethyl phosphate (DDVP), is a chlorinated orgarasphate
insecticide (Scheme 1) that is extensively usethamy countries for controlling insect pests on agtiral,
commercial, domestic and industrial sitéEhe common trade name of DDVP are Dedevap, Ndgagan and
Vapona, etc. Compared to other pesticides, dichkig generally preferred because of its cost ffewess
and wide range of bioactivity. It is a systemicedaticide and acaricide, used to control suckingwihg and
boring insects and spider mites on a very wideeasfgcrops. It is of great value for fumigationvedre houses
and other enclosed places. The formulation is usegpple and pear orchards to control leaf minapgle
moths and on cabbage to control leaf eating célangpietc.
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Scheme 1 Structure of dichlorvos
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Dichlorvos is toxic to fish and aquatic arthropodad highly toxic to birds and honeybees. Concerns
were expressed over acute and chronic toxicityuimdn beings It is readily absorbed through the skin,
because it is volatile. Inhalation is the most canmoute of exposure. Dermal absorption and ingestiso
occurs causing acute toxicityDetection limit for DDVP is 6.8 pug/niL Trace amounts of this insecticide may
remain in foodstuffs or drinking water that threetehuman health. Therefore, simple, fast and atzura
methods I%arlcoe needed to monitor the pesticides residdiood, water sources, so as to minimize thesiptes
health risk' .

A number of methods have been developed for thectleh of dchlorvos Various analytical method
such as flow injectiol}, tandem mass spectrométrypH sensitive fluorescence préb&C-ECD*, GC-FPD®,
GC-MS"®, GC'" '8 partial least square discriminant anal{sisHPLC %, biosensor analysfs TLC??
oxidation by hydrogen peroxiéfe Various methods have been reported for specttopieiric determination of
DDVP?** The method described are generally based olyilysis to produce dichloroacetaldehyde and its
reaction with reagents like resorciffold-acid’, phloroglucinof®, 2,4-dinitrophenyl hydraziféand diphenyl
semicarbazid®. In the present work, a simple catalytic kinetiethod for determination of dichlorvos has been
described based on redox reaction between rhodaBnarel potassium bromate in acidic medium. Seritgifiv
selectivity, rapidity and easy availability of apparatus and reagendstlam simplicity of analytical procedure
are advantages of this method.

Experimental
Apparatus and reagents

A Systronics Visiscan 167 Spectrophotometer wasl fige spectral measurements. All the reagents
were of analytical grade. Distilled water was usie@ughout the experiments for preparation andtidituof
reagents as well as samples.

Dichlorvos (76 %Hindustan Ciba-geigy Bombay, Indlistock solution (0.1316, 1mg ri). was
prepared in ethanol (100 mL). Working standardtsmhs were prepared by appropriate dilution ofgtak.

Potassium bromate (Merck, Mumbai, India) solutibi®854 g, 6.2x18mol L") was prepared in water
(100 mL). Rhodamine B (BDH) solution (0.0201 g,»@* mol L") was prepared in water (100 mL). Sulfuric
acid solution (2 mol L) was prepared by diluting the appropriate volureomcentrated acid.

Procedure

To a series of 10 mL volumetric flask, 1.0 mL a2x410* mol L™ of rhodamine B solution, 1.4 mL of 2.0 mol
L* sulphuric acid and different concentrations iwhtbrvoswere added in sequence. The solution was diluted
to ca. 9 mL with water. Then 1.0 mL of 6.2x3@nol L™ potassium bromate solution was added to the remctio
mixture. Time was measured just after the additibthe bromate solution. After thorough mixing atpmn of

this solution was transferred to a quartz cell initBO s for measurement. The decrease in absorbaince
rhodamine B by bromate in acidic medium was moedousing the “fixed time method” by measuring the
change in absorbance at 555 nm for the first 302#40m the start of the reactiond)AThe blank reaction was
performed according to the same procedure withdditian of dchlorvosand the change in absorbance was
labeled as (4. The standard curve was constructed between iffiereshce between sample and blank
absorbance changaAs—AAy) versus dichlorvosconcentration.

Results and Discussion

Rhodamine B (RhB) is a dye which can be oxidizethwtrong oxidizing agent at very slow reaction
rate. However, this reaction undergoes rapid oiddawhen dchlorvoswas added at trace level. The possible
mechanism of the reaction may be attributed isiitgplest form as (Scheme 2):
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BrOs + H + RhB (Reducedy — Br + RhB (Oxidised)  --—--—- (1) [slow reaction)]
BrOy + H" + dichlorvos — Br + dichlorvos (oxidisedy  --——- (2 [fast reaction]
BrO7 + H + Br —3» Bz + H,O e e e e [fast reaction]
Bry + H" + FhB (Reduced) —— Br + RhB (Oxidised) -4
Haf GHy
H’“\j‘ Sy ® "Ij:v"”’
I

+ Br — =

Scheme 2 Mechanism of the reaction

The rate of reaction depends on concentration lbdirszi acid, bromate and rhodamine B. But, under
the chosen conditions, the sulfuric acid, bromate]l rhodamine B concentrations are greater thanadvos
concentration, and their concentrations are constathe reaction proceeds. Therefore, the vaniatfcsignal
is proportional to theidhlorvosconcentration where the other variables and theti@ time and temperature
are held constant for the given system.

Effect of reagent concentration

The reaction variables were optimized in order taximize the sensitivity and precision of the pragabs
catalytic kinetic method. The effect of reagentaaamtration, temperature and time on the rate auftien was
studied, where each variable was changed in tuepikg all other constant. The optimum conditionduf®
the final working procedure in order to obtain Hegires of merit.

Effect of sulphuric acid concentration

That effect of sulfuric acid concentration on obtiagg maximum sensitivity was investigated for catald and
uncatalyzed reaction (Fig. 1). The results show ttha sensitivity increases with increase in acidoentration
up to 2.8 mol [* whereas; at higher acid concentration decreaserisitivity is observed. Therefore 2.8 mdi L
of sulphuric acid was selected as the optimum wngykioncentration.
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Figure 1 Effect of SO, concentration on the sensitivity

Effect of RhB concentration

The effect of rhodamine B concentration on the itigitg was investigated in the range of 2.1%48.0x10"
mol L™ The results shows that by increasing the rhodanBinconcentration up to 4.2xt0mol L* the
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sensitivity increases and at higher concentratiecrehse in sensitivity is observed (Fig. 2). Acoaydo the
results, 4.2x16mol L™ rhodamine B was selected as the optimum workimgeotration.

Absorbance (Ady-Ady)

a T T T T 1
1 2 3 4 5 &
Fhodamine B concentration =107/ mol L

Figure 2 Effect of rhodamine B concentration on the senigjtiv

Effect of bromate concentration

The effect of bromate concentration on the reactaia was investigated in the range of 3.5%307.4x10
mol L. The results show that by increasing the bromateentration up to 6.2x¥0mol L™ the sensitivity
increased, whereas higher concentration of broweised decrease in sensitivity (Fig. 3). Therefor2x10”
mol L™ bromate concentration was chosen as the optimmeectration.

0.3

Absorbanes (Af-A My

Bromate concentration = 10=/ mol L]

Figure 3 Effect of KBrO; concentration on the sensitivity.

Effect of temperature and time

The kinetic characteristics of the proposed methete studied by measuring absorbance change astofu
of time (Fig. 4). Under the conditions were theentbxperimental variables were kept optimum, eftédtme

was investigated by measuring the absorbance chdungag 30-300 s after initiation of reaction. 24@vas
chosen as optimum time, because it provided thiedoeselation coefficient and sensitivity. The tesngture of
the reaction mixture was varied over the range Q0«5 An increase in temperature caused an incieabe

rate of both catalyzed and uncatalyzed reactionsveier, the rate of the blank reaction increasedmfaster
with increase in temperature causing a net decreabe signal-to-blank ratio. Thus, 30 °C was @roas the
optimum temperature fotichlorvosdetermination.
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Figure 4 Kinetic behavior of proposed reaction in preserfad 80, 2.8 mol L*; rhodamine B: 4.2 x 1bmol
L KBrOs: 6.2 x 10 mol L™. (a) Blank (b) 0.05 pg nit(c) 0.1 ug mt* (d) 0.2 pg mr*dichlorvos.

Analytical characteristics

Under the optimum experimental conditions mentioabdve, the calibration graph was obtained by iplptt
(AAs—AA,) versus dichlorvosconcentration. From the results of experimenkgditime of 240 s was chosen as
the optimal time, because it provided the bestetation coefficient and sensitivity. The calibratigraph was
linear in the range of 0.04-0.4 pg thbf dichlorvos (Fig. 5). The molar absorptivities and Sandeléasitivity

of dichlorvosare given in Table 1. The slope, intercept, ardctbrrelation coefficient were calculated by least
square regression analysis (Table 1).The limidetéction and quantification (LOD = %3S and LOQ = 16

/S, wheres is the slope of the calibration curve), SD of sl@md intercept calculated are given in Table & Th
correlation coefficient was 0.9993, which indicatadgood linear correlation betweeAAs—AAp) and
dichlorvos concentration. Each point in the calibration grayds the average of five replicates. The relative
standard deviation for seven replicate determinatin0.2 and 0.3 pg nitof dichlorvos solution was 1.91 %
and 2.05 % respectively. Comparisons of the praposethod with published spectroscopic methods are
summarized in Table 2.

Table 1 Analytical and method validation parameters

Parameter 2hlorvos
Amax(NM) 555

Limit of Beer's Law (ug mrY) 0.04-0.4
Molar absorptivity (L mofcm?) 1.97x10
Sandell’s sensitivity (g ci) 0.0011
Limit of detection ig mL™) 0.018

Limit of quantification g mL™) 0.055

Regression equation(y = bx + a)*

Correlation coefficient (r) 0.999
Slope (b) 1.99

SD of slope 0.019
Intercept (a) 0.015
SD of intercept 0.004

*Concentration img mL*
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Table 2 Comparisons of the proposed method with publigpttroscopic methods

S.No Reagent used Amax Dynamic range Remarks
(nm)  (pg mL?)

1. Resorcindgf 490 1-20 Dye unstable and high reagent blank
2. J-acid’ 470 1-10 Less sensitive
3. Phloroglucind® 475 0.4-4.0 Less sensitive
4. 2,4-dinitrophenyl hydrazife 450  0.21-1.68 Less sensitive
5 Diphenyl semicarbazid® 490 0.18-1.36 Less sensitive
6 Rhodamine B [Present method] 555 0.04-0.4 Higlsiseity

a9

a8

0.7

Ahsorbance (Ad-Ady)
(=]
L

a 01 0.2 0.3 0.4 a5

Concentration of dichlorvos ‘mol L

Figure5 Calibration line for determination ofahlorvos

Interference study

To study the selectivity of the proposed method, éffect of foreign ions and pesticides expected to
exist in field samples ofichlorvosstudied by adding known amount of different foreigns and pesticides to

2938

the test solution containing 0@ mL™dichlorvos The tolerance limit was defined as the conceomaif the
added ion causing not more than + 2 % relativerdiop the determination of 0.2g mL™ dichlorvos The

results are summarized in Table 3, which clearljidates that most common ions and pesticides do not

interfere with the catalytic determination.

Table 3 The effect of foreign ions and pesticides on rieact

Interfering ions and pesticides Tolerance limit
(g mLY?

Na', K¥, ca*, Mg™, SQ7, 1000

CH,COO, AI*

ziram, propoxur, dinocap, 1000

atrazine, benzene

Cd*, NOy, NH," 800

Formaldehyde, Aniline, glucose 500

Mn*, Zr’*, COy” 450

cr',Fe’® sit’, cu”* 100

dCausing(z) 2 % variation in absorbance value;
®masking by the addition of 0.2 mol'lEDTA

Application

Determination of dichlorvosin vegetable samples

To check the applicability of the method, the aniaafdichlorvos was analyzed in vegetable samples

collected from agriculture fields. The samples wiexend to be free from dichlorvos. Therefore knoamount
of dichlorvos was spiked to 20 g of cabbage andasphi and left for 48 h. The vegetable leaves waténto
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slices. The slices were put into a conical flast troroughly mixed with dichloromethane (30 mL) awndiium
carbonate (15 g). Then the mixture was allowedtdadsfor 12 h in a well-sealed conical flask. Thixtore
was filtered through a filter paper and then tresKl was washed with dichloromethane. The filterqdid
phase was taken in an open watch glass. When dichédhane was dried out, methanol (5 mL) was adoled
extract dichlorvos. The extraction was repeatedawvith methanol (2 mL). These extractions wereetiand
diluted by methanol to 10 mL and analyzed by theppsed as well as reported metffaghd the results are
shown in Table 4.

Table 4 Determination of dichlorvos in vegetable samples

Dichlorvos Proposed method Reported method
Sample  added (ug) Total dichlorvos % Total dichlorvos %
recovery found(ug) recovery found(ug)
Cabbage 2 1.95 97.50 1.93 96.50
4 3.86 96.50 3.88 97.00
Spinach 2 1.91 95.50 1.92 96.C0
4 3.78 9450 3.74 93.50

Mean of three observations.

Determination of dichlorvosin citrusjuice (orange juice)

Citrus juice was fortified with known amount of pegles and extracted with 2x10 mL of acetone. The
crude extract was partitioned between 5% sodiunorictd solution and dichloromethane and the
dichloromethane layer was concentrated by evapgrati dryness. The residue was dissolved in a maxbi
acetone and n-hexane and made up to the mark andlifuot was taken, separated and analyzed by the
proposed as well as reported metfio@ihe results obtained by the proposed method e@rgared statistically
with the reported methdlby applying Student's t-test for accuracy and $¥-fer precision (Table 5).

The results shows that the t and F-values at 958idemce level are less than the theoretical vatues
which confirmed that there is a good agreement &éetwthe results obtained by the proposed methodhend
reported methol with respect to accuracy and precision.

Table 5 Determination of dichlorvos in orange juice

Sample Dichlorvos Proposed method Reported method
added (ug) Total dichlorvos o Total dichlorvos o
recovery found(pg) 0 recovery found(ug) 0
Orange juice 5 4.876 + 0.023 97.52 4.898 + 0 .026 98.96
t=1.391
F=1.278
10 9.836 £ 0.024 98.36 9.746 + 0.022 97.46
t=1.787
F=1.19

Mean of five observations. Tabulated t-value at3B&4 confidence level is 2.306. Tabulated F value
the 95 % confidence level is 5.05.

Conclusions

A simple and sensitive kinetic method for deterrtioraof dchlorvoshas been described. The method
is based on its catalytic effect on oxidation aidhmine B by bromate in sulfuric acid media, withithe need
for extraction, preconcentration and preseparatiooffers advantages like reliability and reproitility in
addition to its simplicity and suffers from lessdrierence.

It has been successfully applied to the deterndnadif dchlorvosin food materials with satisfactory
results. The statistical parameter and recovergtystiata clearly indicates the precision and acguadcthe
method.
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