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ABSTRACT

A novel, rapid, robustic and sensitive spectrophwtric method was developed for the determinatfaradaryl in

its formulations, water and grain (rice and wheaimples with newly synthesised reagent. The prdposthod
was based on the alkaline hydrolysis of carbangtipéde and thus resulted 1-naphthol was couplet diazotised
4-bromoaniline to give dark pink colored producvhey Ay.x 518 nm for diazonium method (DM). The formation of
colored derivatives with the coupling agent is amtineous and stable for 48 h (DM). Beer's law wlasyed in the
concentration range of 0.5-10.0 pg-thfor DM .Molar absorptivity and Sandell’'s sensitjviwere found to be
6.596 x 10| mol'cm® and 0.0305.g cni® respectively. The experimental results indicat the procedure can
eliminate the fundamental interferences causedthgropesticides and non-target ions, which madentte¢hods
more sensitive and selective. The method was afydido the determination of carbaryl residue intevaand food
grain samples up to ug level.
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INTRODUCTION

With the world population predicted to rise fronbi@lion to over 9 billion by 2050, population growis a driver of

increased demand for agricultural products. Pelgciare used in agriculture mainly for the purpafsicreasing

plant productivity. Synthetic organic Insecticidésngicides and herbicides are agrochemicals dedigm combat
the attacks of various pests on agricultural créfmsvever, in many cases hazardous residues areoéfoming a
permanent danger to quality of food, environmend @onsumers health [1]. Among all the pesticideedus
carbamates are most common.[2-4].

Carbaryl (1-Naphthyl —N-Methyl carbamate) is a lokapectrum pesticide, extensively used as contatsgstemic
insecticide on agricultural products, introducedhie year1957. Even though it is a cholinesterabibitor, it has
been accepted to have low mammalian toxicity. T of concept is due to upon chemical hydrolysisl
biodegradation carbaryl producing metabolites, agnerhich 1-Naphthol is a major product which doeg no
accumulate in the body, but it excretes in urind #aeces. Despite these merits, recent data shiwatssome
adverse effects have also been reported. It insluditeration of liver microsomal enzymgs, sub chronic
neurotoxicity[6], changes on immunological function in in-vitcalture[7] and the combination of cyano- bacteria
with Carbaryl and 1-Naphthol showing more toxicithen compared to cyano- bacteria alone [8].
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A detailed survey of literature reveals few methaasuding chromatographic [9-12],immunoassay [¥43-and
Spectrophotometric methods [15-23] are reported. tBase reported methods are having their own désner
example HPLC methods are very expensive due to ¢oghof solvents and other spectrophotometric ouxrare
of low sensitivity and multiple steps involved. Téfre the present paper describes simple, semstid rapid
method for carbaryl estimation.

In this paper, a simple and sensitive spectrophetaenmethod is proposed for the determinationaybaryl using
diazotized 4-bromoaniline as a coupling agent. fHaetion mechanism is shown in Fig. 1. The develapethod is
extended to the determination of propoxur in conuia¢formulations and environmental samples

Fig-1:Reaction Mechanisam
O
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2%NaOH

Carbaryl Carbaryl phenolic compound
Step-1:Alkaline hydrolysis of Carbaryl to produce phenolic compoud in presence of 2%NaOH

NH, N, Cl

+ NaNO, + CIH ~
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Step-2:Diazotization of 4-bromoaniline

+ -
N, Cl N:N—QBr
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Br
Carbaryl phenolic Diazonium salts
compound of 4-bromoaniline

MATERIALSAND METHODS
Reagents
All reagents used were of AnalaR grade and douishylldd water was used throughout the experiment.

Preparation of Standard solutions
A stock solution containing thg/ml Carbaryl (Bayer, India) was prepared in 20%thanoland working standards
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were prepared by appropriate dilution of the steckution. Sodium nitrite: 0.5% aqueous soluti®odium
hydroxide: 2% aqueous solution. Hydrochloric adiN: aqueous solution.4-bromoaniline: 0.2% solupogpared in
methanol. Diazotized 4-bromoanilin@:2% 4-bromoaniline, 0.5% sodium nitriged 1N hydrochloric acid were
added withcontinuous shaking. The solution was stable foh 48

Apparatus
A Hitachi U-3400 spectrophotometer with 10 mm glasdls was used for all spectral measurements; pH
measurements wereade with an Elico pH meter Model CL-110.

Preparation of calibration curve

An aliquot containing 0.5 40 pg/ml of carbaryl was taken in a 25 ml standksk anddiazotized 4-bromoaniline
has been added, followdxny 2% sodium hydroxide solution, with continualgking in an ice bath. A yellow dye
formed. The solution wasmade up to the mark and kept for 15 min for fullocaevelopment. The absorbance of
the colored solution waseasured at 518 nm against the reagent blank.

Deter mination of carbaryl in water samples

pH of each water samples was adjusted to 3-4 vt ulphuric acid ,one liter samples of distilledtar and tap
water was fortified with different concentrationsinsecticide dissolved in methanol. Each sampls exdracted
with chloroform (2 x 100 ml). The extracts were dopned and washed with 20 ml of 0.1 M K2CO3 solution
break any emulsions. The chloroform extracts weieddover anhydrous sodium sulfate in a filter fehand the
filtrate wascollected in a 250 ml calibrated flask. The filfannel was washed with 20 ml of chloroform and the
volume of the filtratevas made up to the mark, known aliquots of chlarafextracts were taken and evaporated on
a water bath at about 50°C. Thesidue was dissolved in 10 ml methanol. The smiutias then transferred into a
separating funnel with 25 ml of water. To this,atifzed 4-bromoaniline and 2% sodium hydroxideeradded,
then the yellow color developed spontaneously.

Deter mination of carbaryl in food samples

Different samples of plant materials like grains€rand wheat) 25 g of each were collected fromfitdds where
carbaryl had been sprayed. The samples were wkighecerated and blended in a mixer. It was exdagsing 25
ml of chloroform blended sample and it was extraweteing 25 ml of chloroform. After extraction, teemples were
spiked with different concentrations of carbarybiml of methanol. The spiked samples were blerided further
2 min. The chloroform solution was then decantdd & 250 ml calibrated flasthrough Whatman No. 1 filter
paper. Blending and decanting was repeated twite 1@ ml portions of chloroform. Thextracts were combined
and diluted to the mark. The chloroform extract waaporated off, under reduced pressure using erveath at
about 50°C. The residue was dissolved in 10 mlethanol and the color developed as described hefore

RESULTSAND DISSCUSSION

The optimum conditions were established by alténgatne variable at a time. The yellow colour spedbrmed by
carbaryl derivative shows maximum absorbance atrih8 The reagent blantas negligible absorbance at this
wavelength. Beer's law was obeyed in the range.5f-010pug mf’. Molar absorptivity and Sandell’s sensitivity
were found to be  6.596 x Almol™ cmi™* and 0.0305pg crrespectively. The colour of the dye formed wasfbu
to be stable for 48h.

The suitability of the proposed method was studigdanalysis of six replicate samples containing psnpof
carbaryl. The relative standard deviation valvesgven in Table-1.

Table-1:Optical characteristics, precision and accuracy of the method using diazotized 4-bromoaniline as coupling agent.

Colour of the dye Dark pink

Beer's law Concentration range0.5 - 10ug mi*

A max 518 nm

Stability of the colour 48 hrs

Molar absorptivity 6.596 x 101 mol™* cm*
Sandell's sensitivity 0.0305ug cm?

Recovery experiment was performed with known amewfitthe compounds added to different samples aihgr
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and water. Grains samples were spiked by addingethanol solution of the insecticides to the dryingaand
evaporating the solvent.

The results presented in Table-2 and Table-3 shatréecovery was in the range 95-99%.

Table-2:Recovery of carbaryl from fortified water samples using diazotized 4-bromoaniline as a coupling agent

Sample Fortification level Distilled wate Tap wate
No i Amount recovered Recovery* Amount recovered Recovery*
- ugm 1 1

ug mf percentage ug mf percentage

1 0.6 0.59 98.6+1.0 0.591 98.5+0.9

2 1.0 0.99 99.0+0.8 0.985 98.5+0.75

3 14 1.38 98.9+0.7 1.39 99.2+0.8

4 1.8 1.78 98.1+0.6 1.76 97.7+0.7

5 22 2.16 98.18+0.6 217 98.6+0.7

6 2.6 2.55 98.0+0.6 247 95.0+0.5

* Mean £ S.D. of five determinations

Table-3:Recovery of carbaryl from fortified grainsusing diazotized 4-bromoaniline as a coupling agent

Rice Wheat
Sample | Fortification level | Amount Amount

No. ug mr? recoveged Recovery* percentage recoveged Recovery*
pug mf ug mi percentage

1 0.6 0.58 96.6+1.0 0.585 97.5+0.9

2 1.0 0.983 98.3+0.81 0.979 97.9+0.79

3 14 1.385 96.4+0.7 1.358 97.0+0.82

4 1.8 1.78 98.8+0.65 171 95.0+0.78

5 2.2 2.18 99.0+0.59 2.10 95.4+0.65

6 2.€ 2.52 97.0+0.! 2.t 96.1+0.!

* Mean £ S.D. of five determinations

Comparison of Other Spectrophotometric methodswith proposed method

The data presented in the Table 4 suggests thermiresethod is very sensitive and facile when compdth other

officially reported method.

Table 4. Comparison of Other Spectrophotometric methodswith proposed method

Amax Beer's law range pg Ml

Methods nm Molar absorbity.| mblcm’* Remarks
p-dimethylphenylene 600 0.7-8.0 and 1.41X10 Reagent it selftoxic
diaminodihydrochlorid€l9]
p-aminophendl19] 600 0.8-10 and 1.33x£0 Not much sensitive
2,4-dimethoxyanilin [23] 505 0.4-10 and 3.42x410 Moderately sensitive
2,6-dibromo 4- 505 0.6-10 and 3.42%10 Moderately stable
Metylaniline [20]
4-bromoaniline 518 0.5-10 and 6.59%10 Highly sensitive.

(present method) Stable up to 48h.

CONCLUSION

The proposed spectrophotometric method is simppeetéorm, cheaper and sensitive when compared ity rotoer
existing methods which are shown in Table 4. Thesis@ity, simplicity, temperature independence atability of

the colored product are the advantages of this edetRoes not involve extraction step and the useaofinogenic
solvents. The proposed method does not entail mimgent experimental variables which affect thigafwslity of the

results. From the recovery studies it comes to kibat this method can serve as an alternative rdefbo
determining carbaryl residues in various environtalesamples.
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