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ABSTRACT

Chlorpyrifos is a crystalline organophosphate insgde. A simple and rapid reverse phase high-pennce
liquid chromatographic method using UV detectiorswiaveloped and validated for the analysis of ghdfos in
selected vegetable samples like cabbage, cauliflamd capsicum under isocratic conditions. A Kroih@xl8

analytical column (150 mm x 4.6 mm |.D.uBn particle size) and a mobile phase constitutingtaaitrile: 1 mM
phosphate buffer (85:15 v/v, pH 4.5 adjusted withaphosphoric acid) were used. The flow rate wasl/min and
the analyses performed using ultraviolet detectoa avavelength of 230 nm. The method responseineer lover
the concentration range of 2 to 1&y/ml. The developed method was validated as perdatd guidelines.
Validation of the developed method demonstratetsysuitability, sensitivity, accuracy, precisiondaselectivity
of proposed method. This rapid and simple methosl sueccessfully applied in the estimation of chlafpyg in

cabbage, cauliflower and capsicum. The resultscatgdid that the chlorpyrifos residues were obserivedll the

samples and the concentration was found to be attw/émit of maximum levels (0.05 mg/kg) recomradruy the
European Union Regulations 396/2005.

Keywords. Pesticides, organophosphate, High Performanceid.i@hromatography, Chlorpyrifos, Quantitative
analysis, Vegetable samples.

INTRODUCTION

Pesticides are substances or mixture of substaintesded for preventing, destroying, repelling oitigating
any pest. The most common use of pesticides idaad$ protection products, which in general protgeints from
damaging influences such as weeds, diseases atdndg. Pesticide management tools are often densd by
farmers to be effective, easy to use and inexpen&mvironmental impact on wild life, increased swosion, and
contamination of surface water and ground watertdyeesticides is enormous.

Prolonged dietary exposure to pesticides may pasathh problems such as respiratory, memory dissrder
dermatological conditions, cancer, neurologicaideficies, miscarriages and birth defects [2]. Hoed Quality
Protection Act became law in 1996 requiring thatalisting pesticide tolerances (maximum residugts) be re-
evaluated for risk using a much stricter set ofestific standards. The Office of Pesticide Programfisthe
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Environmental Protection Agency has to reassessxating chemical tolerances by 2006, with cheakjsato mark
its progress every 3 years. Entire classes of giget that have been used to protect crops sircedHy 1950’s
potentially could be removed from the growers’ aeeduring this reassessment procgjsBanning a pesticide
that has few substitutes can have several efféatan increase the total quantities of pesticisgsd and accelerate
increased resistance of insects, fungi, and bactafso, it can affect the fruits or vegetablessroetic appearance;
raise costs for users switching from the bannedigiéss; reduce income for producers in certainorg and
reduce yields and storability, thereby increasmapfcosts [4]

Chlorpyrifos, chemically known as O,0-Diethyl O-FS8richloropyridin-2-yl phosphorothioate, is a
crystalline organophosphate insecticide. In agtical, it remains one of the most widely used oggdrosphate
insecticides [5]. It acts on the nervous systermsécts by inhibiting acetylcholinesterase. It isd@rately toxic to
humans and chronic exposure leads to neurologifeadte, developmental disorders, and autoimmunerdess [6].
Detailed survey of literature for chlorpyrifos reded several methods have been reported for thay ask
chlorpyrifos residues in different fruits, vegetbland water samples. These analytical technioubsde HPLC
with UV detection [7-15], liquid chromatography-tem mass spectrometry [16,17], HPTLC [18-21], gas
chromatography-mass spectrometry [12,16,22], gasntdtography with electron capture detection [12324],
spectrophotometry [25], reflectance near-infrarpdctroscopy [26], chemiluminescence assay [27], umpassay
[28] and capillary electrochromatography [29]. Orfidgv methods have been reported for the deternoimadif
chlorpyrifos residues in cabbage, cauliflower aagsicum. The methods adopted include HPLC with @iéction
[11,13], capillary electrochromatography [29] arad ghromatography with electron capture detecti@n30].

The methods reported for analysis of chlorpyrif@sidues in cabbage, caulifiower and capsicum sdfer
disadvantage of use of an internal standard, kessits/e, lack of selectivity, use of expensiveedédrs, long time
for analysis and tedious procedures. Considerirgy dhawback, there was a need to develop more &alyaous
methods for its determination in cabbage, caulitownd capsicum. For this reason, an attempt hers ipade to
develop a simple, sensitive, cost effective andhlbed HPLC with UV detection for estimation of chpgrifos
residues in cabbage, cauliflower and capsicum waitithe use of internal standard.

MATERIALSAND METHODS

Experimental

Apparatus

1. High Pressure Liquid Chromatography was performét an isocratic High Pressure Liquid Chromatogsaph
system (Shimadzu HPLC class VP series, Shimadzpdtation, Kyoto, Japan) with two LC-10 AT, VP pumps
variable wavelength programmable UV/Visible dete@BD-10A, VP, CTO-10AS VP column oven, SCL-10A, VP
system controller. A 2@L Hamilton syringe was used for injecting the sagsplData were analyzed by using
PEAK software.

2. Double beam UV-VIS spectrophotometer Model UV-VIS02 (Tech-comp limited, Hong Kong, Japan) was
used for spectral studies.

3. Degassing of the mobile phase was done by usimgsohic bath sonicator (Loba Chemie Pvt. Ltd. Mamb
India)

4. Samples were weighed by using Denver electronighveg balance (Denver instruments, Colorado, USA.).

5. Kromosil C18 analytical column (150 mm x 4.6 mm .[.b um particle size), under reversed phase
chromatographic conditions, is used for the chrog@phic analysis of chlorpyrifos.

Chemicals and solvents

The chemicals and solvents used for the preparatianobile phase are of analytical reagent gradé EHRLC
grade, respectively. Acetonitrile and orthophospha@cid were purchased from Merck Specialities Ryd.,
Mumbai, India. Disodium hydrogen phosphate is frohermo Fisher Scientific India Pvt. Ltd, Mumbaidia.
Milli-Q-water was used throughout.

Mobile phase

The mobile phase consists of a mixture of acetitmiéind 1 mM phosphate buffer (pH 4.5) in the rati®5:15v/v.
The phosphate buffer (1 mM) was prepared by digsglt78 mg of disodium hydrogen phosphate in watet
diluted to 1000 ml with water. The pH was adjusied.5 with orthophosphoric acid. Before use, thabite phase
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is filtered through a 0.4bm Millipore membrane filter and degassed with @itnaic bath sonicator for 15 minutes.
The mobile phase is also used as the diluent fopthparation of stock standard solution.

Stock standard solution
The bulk sample of chlorpyrifos was obtained fronoddrn Insecticide Limited, Punjab, India. A stot¢&nslard
solution containing 1 mg/naif chlorpyrifos was prepared in diluent.

Collection and storage of vegetable samples

Vegetable samples such as cabbage, cauliflowecapsicum were directly collected from differentdbeegetable
markets at Guntur, Tenali, Ongle and Vijayawad@mdhra Pradesh, India. The samples were labeledendyht
to the laboratory. All the samples were stored2&°€ until analysis.

Chromatographic conditions

Column : Kromosil C18 analytical column
(150 mm x 4.6 mm 1.D., bm patrticle size)

Flow rate : 1 ml/min

Column temperature

Injection volume : 201

Detection wavelength : 230 nm

Assay of chlorpyrifos

Working standard solutions equivalent to 2 tou@2ml of chlorpyrifos were prepared by appropriatetin of the
stock standard solution with the mobile phase. fiweL aliquot of each solution was injected into théuoan in
triplicate. The mobile phase was pumped from tHees reservoir to the column at a flow rate of min. The
peaks were recorded at 230 nm.

Extraction of chlorpyrifos residues from vegetable samples

The pesticides such as chlorpyrifos residues wetea@ed from vegetable samples with optimized aetion
method as described by Hussain and Samia [31]. fwggams of vegetable sample was taken and 20 wfiktfled
water was added. The mixture was left undisturloedl minutes, after which 50 ml of acetonitrilesasdded and
the sample was homogenized by crushing in a pesite mortar. The sample was filtered by suction.ti®
remaining residue on the filter, 20 ml of acetoldtwas added and again the sample was homogeairtéiltered
by suction. Both filtrates were combined togethed ¢he volume was increased to 100 ml by addingoadeile.
From this solution 20 ml of sample was taken and) d® NaCl and 20 ml of 0.5 M phosphate buffer wdded and
shaken. The solution was left undistributed for sged of the aqueous layer. The organic layer wasddover
anhydrous sodium sulphate (Sdfine-Chem limited, Mainindia). The dried sample was reconstitutedh wibbile
phase for the analysis of chlorpyrifos by usingphgposed method.

Assay chlorpyrifosresiduesin vegetable samples

The extract prepared from vegetable samples, asided in above section “Extraction of chlorpyrifossidues
from vegetable samples”, was further diluted appadply with the mobile phase for the analyses ldbipyrifos
residues by the proposed method. For this purgibsejegetable sample solution was injected into EIBYstem in
duplicate. The chromatograms were recorded. Tha argler the peak was calculated. The concentraifon
chlorpyrifos in the vegetable samples was calcdlatging the corresponding calibration curve or esponding
regression equation.

RESULTSAND DISCUSSION

M ethod development

Reversed phase high performance liquid chromatbgréRP-HPLC) method is widely used for routine gai of
analyte of interest. In this study, we attemptedéwelop a new HPLC method with UV detection fog tissay of
chlorpyrifos in the vegetable samples that is nswigable in terms of time of analysis, tailing, siéimity, cost and
mobile phase.

To optimize the method, various mobile phase coiitipas under isocratic conditions were tried in lipnénary
tests. The mobile phase containing 1 mM phosphaferpH 4.5) in the ratio of 85:1&v with flow rate 1ml/min
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was found to be the suitable mobile phase for agigethe goal of interest. The selected mobile phgave sharp
and baseline resolute peak for the chlorpyrifo23t nm. Kromosil C18 analytical column (150 mm 8 vmm I.D.,

5 um particle size) column with column temperatureate25 + £ C provides efficient and reproducible separation
and analysis of chlorpyrifos. Under the optimizédoenatographic conditions, the retention time adbgbyrifos
was 6.81 minutes.

M ethod validation

Method validation includes all of the procedureguieed to demonstrate that a method to quantifyctireentration
of chlorpyrifos is reliable for the intended applion. The proposed HPLC method was validated &oameters
like system suitability, linearity, sensitivity, Ieetivity, precision and accuracy.

System suitability studies

The system suitability was studied by performing #xperiments and looking for changes in retertiime, peak
area, peak asymmetry and theoretical plates. Fijections of the standard solution of the chlofmgiwere
injected for this purpose. The results are preskimt Table 1. The percentage relative standardatien values
were in the range of 0.259-0.961%. The values nbth{%RSD < 1.0) demonstrated the suitability &f slgstem
for the analysis of the chlorpyrifos.

Table 1: Results of system suitability studies

Parameter Mean value | % RSD
Retention time 6.81 0.961
Peak area 9836 0.357
Theoretical plates 736¢ 0.452
Peak asymmetry 0.9¢ 0.25¢

Selectivity

Selectivity of the HPLC proposed method was asskebgeexamining peak interferences from other sultgis
present in the vegetable samples and componemi®life phase. This was done by comparing the chimgnams
of blank and vegetable sample extract with theemnug. It was observed that none of the peaksaapp the
same retention time of drug (Figures 1-5). Thisficored the specificity of the proposed method. tidigion, the
well shaped peaks also signify the selectivityhaf proposed method.
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Figure 1. Chromatogram of mobile phase blank
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Figure 2: Chromatogram of pure chlorpyrifos
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Figure 3: Chromatogram of chlorpyrifosin cabbage
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Figure4: Chromatogram of chlorpyrifosin cauliflower
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Figure 5: Chromatogram of chlorpyrifosin capsicum

Linearity

The linearity of the proposed methods was deterthimeconstructing calibration curves. A calibraticurve was
constructed using the least squares method byirmgathe peak aress concentration of chlorpyrifos. The Beer’s
law limit, slope, intercept and regression coefiiti values (Figure 6) of the proposed methods wateulated
using least square regression analysis. The ltyeads found in the range of 2-1@&/ml. The high value of the
regression coefficient (> 0.99) and the small vaifithe intercept of the regression equation prabedinearity of
the proposed method. The concentration against @eakplot of the proposed method was illustrateeigure 6.
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Figure 6: Calibration curvefor chlorpyrifos

Sensitivity

The sensitivity of the proposed HPLC method waduatad by determining the limit of detection (LO&)d limit

of quantitation (LOQ). The limit of detection (LORnd limit of quantitation (LOQ) values were cakeld from
kSDMb wherek = 3 for LOD and 10 for LOQ. SD is the standard déwn of the responses of the minimum
detectable chlorpyrifos concentration, amds the slope of the calibration curve. The low easlwf LOD (0.80
ug/ml) and LOQ (1.5@g/ml) indicated the adequate sensitivity of thepmsed method.

Precision

Precision of the proposed HPLC method was asséssinjlecting five standard solutions of chlorpysfwith fixed
concentration (12ig/ml). The peak areas were determined. Relativedaral deviation of the peak area was then
calculated to represent precision. The relativaddaed deviation was found to be 1.059%, which psowt the
proposed method is adequately precise.

Recovery studies
Accuracy of the proposed HPLC method was assessegtbvery studies through standard addition methothe
standard addition method known quantities of chidfps at three different concentration levels (3@0 and

6
Scholar Research Library



Rama Mohana Rao Chilumuru et al Der Pharmacia Lettre, 2015, 7 (2):1-8

150%) were supplemented to the standard solutieviqusly analyzed. The solutions were once agaatyaed by
the proposed method. The percentage recoverighdachlorpyrifos were calculated and are preseintéde Table
2. Recovery studies showed the proposed method &mlbquately accurate and suitable for the detatiomof the
chlorpyrifos.

Table 2: Accuracy of the proposed method (Recovery studies)

Level (%) | Concentration of chlorpyrifos (ug/ml) | Recovery | Averagerecovery (%)
Fixed Spiked Recovered (%)
50 4 2 5.98 99.66
100 4 4 7.94 99.25 99.40
150 4 6 9.93 99.30

Application of the proposed method for the determination of chlorpyrifosin vegetable samples

The proposed HPLC method was successfully apptiethE determination of chlorpyrifos in the selectegetable
samples (cabbage, cauliflower and capsicum). Theltsewere summarized in Tables 3. The vegetahleb as
cabbage, cauliflower and capsicum for the presemtyswere collected from the different local maskat Guntur,
Tenali, Ongole and Vijayawada. The concentratiohdbrpyrifos in cabbage samples were in the ravfgé.58-
9.84 mg/kg (Table 3). The highest concentration alzerved in sample collected from Ongole and lowmegenali
sample. The chlorpyrifos concentration of cauliflovand capsicum were found to be in the range @7:28.25
mg/kg and 4.27-5.36 mg/kg, respectively (Table Bjghest concentration of chlorpyrifos was obseniad
cauliflower and capsicum samples collected fromalieand low concentration in samples collected f@mmtur.

Table 3: Assay of chlorpyrifosin selected vegetable samples

S.No Sample Vegetable | Collection area | Concentration of chlorpyrifos (mg/kg)
1 Sample -1 Cabbage Guntur 5.63 + 0.67
2 Sample -2 Cabbage Tenali 4.58 +0.35
3 Sample-3 Cabbag Vijayawad: 6.37 £ 0.7
4 Sample-4 Cabbag Ongole 9.84+0.3
5 Sample -5| Cauliflowef  Guntur 10.52 +0.35
6 Sample -6 | Cauliflowerq Tenali 13.67+ 0.46
7 Sample -7 Cauliflower  Vijayawada 18.25+ 0.22
8 Sample -8 Cauliflower  Ongole 12.57 + 0.47
9 Sample -9 Capsicum|  Guntur 4.27 £0.38
10 | Sample-10 | Capsicur | Tenali 5.36+ 0.9.

11 Sample -11]  Capsicunm  Vijayawada 4.71+ 0.87
12 Sample -12|  Capsicun Ongole 5.02 £ 0.32
CONCLUSION

A simple and rapid high performance liquid chrongagéphy with UV detection method was developed fa t
estimation of chlorpyrifos. The developed method walidated for linearity, selectivity, sensitivitgrecision and
accuracy. From the validation data, the developeti\alidated HPLC method was found to be lineansiive,
precise, specific, reproducible and cost-effectRecovery of chlorpyrifos from cabbage, caulifloveerd capsicum
by using acetonitrile was found to be efficient.eTimethod was successfully employed for the quaatibn of
chlorpyrifos in cabbage, cauliflower and capsicdihe chlorpyrifos residues detected in all the sekbwegetable
samples (cabbage, cauliflower and capsicum) weogeamaximum residue limits established by Europdaion
Regulations 396/2005 (0.05 mg/kg) [32].
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