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ABSTRACT

Gas chromatography-mass spectrometry method is successfully devel-
oped for the determination of pesticide residues monocrotophos,
chlorpyriphos, and endosulfan in cauliflower and capsicum. The samples
were extracted with 1% acetic acid in acetonitrile mixture and cleaned up
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with primary secondary amine (PSA) and magnesium sul phate. Experiments
on two fortification concentrations are carried out, and the limits of detec-
tion are 0.005, 0.003, and 0.004 mg kg for monocrotophos, chlorpyriphos,
and endosulfan respectively. The average recoveries of pesticide residues
in cauliflower and capsicum samplesare 90.0to 105.0 %.
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INTRODUCTION

Indiaisproduces about 109 million metric tones of
vegetablesand it isthe second largest producer after
China, and accountsfor 13.4% of world production.
Surveys carried out by institutions spread throughout
the country indicatethat 50-70% of vegetablesare con-
taminated withinsecticideresdue(1). Theuseof pes-
ticidesto control pest and diseasesareacommon prac-
ticeinthefiedstoincreasecropyield. However, these
chemicalscan reach plant tissues, leaving res duesthat
can be detected in the vegetables. Thismay becomea
sgnificant routeto human exposureto thesetoxic com-
pounds. Inorder to protect consumer’s health, maxi-
mum residuelevels(MRLS) inthesevegetableshave
been established in different countriesand internation-
aly by Codex Alimentarius. Thehigh number of pesti-
cidesto bemonitored inthose matrices, dongwiththe

typicaly low concentrationsof the MRLS requireshighly
sensitiveand sdl ective methods. Consequently, sample
preparation becomesakey step of theanalytical pro-
cedure. In recent times, extensive efforts have been
made to the devel opment of new sample preparation
techniquesthat savetime, labor and solvent consump-
tiontoimprovetheanalytical performance of the pro-
cedure. Analytical instrument are needed to determine,
quantify and confirm pesticide residuesin vegetables
for both research and regul atory purposes. The pesti-
cidesaregenerally anaysed by spectrophotometry4,
thinlayer chromatography (TLC)>7, high performance
liquid chromatography (HPLC)!®19, gaschromatogra-
phy (GC)18 and GC-M S22, The present study de-
scribe method of extraction, cleanup and determination
of a pesticides by using gas chromatography (GC)
equipped with mass detector (M S) for the separation,
identification and quantification of monocrotophos,
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chlorpyriphosand endosulfan on cauliflower and cap-
scumweredevel oped and vaidated. Findly, themethod
was applied to the determination of these pesticidesin
commercia samplescollected fromtheloca markets.
Therefore, the purpose of thisstudy wasto develop an
analysis schemefor the determination of these pesti-
cidesin cauliflower and capsicum by GC-MS.

EXPERIMENTAL

Chemical and reagents

Theorganic solvent acetic acid, magnesum sulphate
HPL C grade and purchased from E Merck and pri-
mary secondary amine purchased from Agilent
Techonlogies. Thetechnical grade pesticide standards
were used for standardizations. The standardswere
stored in afreezer a -5°C. Anhydrous magnesium sul-
phate used during res due extraction was maintained at
300°C overnight and keptinair tight container.

Samplepreparation and clean up

The fresh cauliflower and capsicum 2 kg each
samplesweretaken for theextraction of pesticideresi-
dues. After homogeni zation with ahouse-hold mill
(equipped with stainlesssted knives), a15g portion of
the homogenized sample was weighed into a50 ml
polytetrafluoroethylene (PTFE) tube added 15 ml of
acetonitrile containing 1% acetic acid (v/v not account-
ing for purity). Then, 6 g MgSO4 and 2.5 g sodium
acetate trinydrate (equivalent to 1.5 g of anhydrous
form) were added, and the samplewas shaken force-
fully for 4 min and kept inicebath. The samplewas
then centrifuged a 4000 rpm for 5minand 6 ml of the
supernatant weretransferredto al5 ml PTFE tubeto
which 900 mg MgS0O4 and 300 mg PSA were added.
Theextract was shaken using avortex mixer for 20 s
and centrifuged at 4000 rpm againfor 5 min., approxi-
mately 2ml of the supernatant weretakenin avials.
Thisextractswereevaporated to drynessunder astream
of nitrogen and reconstituted in n-hexanein auto sam-
pler tubefor the GC-MSanalysis.

Sandard preparation

For preparation of stock solution, standardswere
dissolvedin ethyl acetate and four levelsof intermedi-
ate standard sol ution of each pesticidewere prepared
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maintaining thesamematrix concentration for the prepa
ration of calibration curve and stored at -4°C in the
dark. Working solutions were prepared daily by ap-
propriatedilutionwith ethyl acetate.

Instrumentation

GC-MS analysis was performed with a Varian 3800
gas chromatograph with el ectronic flow control (EFC)
and fitted with a Saturn 2200 i on-trap mass spectrom-
eter (Varian Instruments, Sunnyvale, CA, USA).
Sampleswereinjected into aVarian 8200 auto sam-
pler SPI /1079 split/ splitless programmed-tempera-
tureinjector usingal0ul syringe operated in the large
volumeinjectiontechnique. Theglass|iner wasequipped
withaplug of carbofrit (Resteck, Bellefonte, PA, USA).
A fused-silicauntreated capillary column 2 m 30.25
mm |.D from Supel co (Bellefonte, PA, USA) wasused
as aguard column connected to a Rapid-M S [wall-
coated opentubular (\WCOT) fused-silicaCP-Sil 8CB
low bleed of 10m 30.53mm [.D, 0.25 mm film thick-
ness| andytica columnfrom Varian Instruments (Sunny-
vae CA,USA) for high gpeed andyss. Themass spec-
trometer was operated in eectronimpact (El) ioniza-
tion mode. The computer that controlled the system
also held aGC-MS library specially created for the
target anad ytesunder our experimenta conditions. The
mass spectrometer was calibrated weekly with
perfluoro-tributylamine. Helium (99.999%) at aflow-
rateof 1 ml min wasused ascarrier and collision gas.

Instrumental conditions

Samplediquotsof 1.0 ul were injected into the GC
operating at asyringeinjection flow-rate of 100ml s™.
Theinitia injector temperature of 70°C washeld for
0.5 min and then increased at 100°C min*to 310°C,
whichwasheld for 10 min. After injection thecolumn
temperature, initially 70°C, washeld for 3.5 min, then
increased at 50°C min? to 150°C, then increased at
3*C mintto 235°C and findlly raised to 300°C at 50°C
min* and held for 3 min. Theion-trap mass spectrom-
eter wasoperated in EI-MSmode. Thetransfer line,
manifold and trap temperatures were 280, 50 and
200°C, respectively. Theanalysi swas performed with
afilament-multiplier delay of 4.75 minto prevent in-
strument damage. Theautomatic gain control (AGC)
was activated with an AGC-target of 5000 counts. The
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emission current for theionisation filament was set at
80 mA, generating electronswith an energy of 70 eV.
Theaxia modulation amplitudevoltagewas4.0V.

RESULTSAND DISCUSSION

Validation of themethod

In order to check the feasibility of the GC-MS
method for theanalysisof pesticideresiduesinfresh
vegetable sampleextracts, it wasvalidated using cauli-
flower and capsicum extracts.

| dentification and confirmation of tar get analytes

Theidentification of the pesticides wasbased on
theretentiontimewindows (RTW) that are defined as
theretentiontimeaverage 63 S.Dsof theretentiontime
when 10 blank samples spiked at the second calibra-
tionleve of each compound wereanaysed. The con-
firmation of aprevioudy identified compound wasdone
by comparing the GC-MS spectra obtained in the
samplewith another stored asreference spectrumin
the sameexperimentd conditions. Thereference spec-
trawereobtained daily by injecting ablank cauliflower
and capsicum sampl e spiked at the concentration of
the second calibration point.

| dentification and quantification

The compound wasidentified by comparingitsre-
tention timewith respect to technical gradereference
standard. The quantitative determination was carried
out withthehelp of acdibration curvedravnfrom chro-
matographic experimentswith standard sol ution. For

—— Fyll Peper

quantificationanexternd cdibration curvewithfour dif-
ferent concentrations of each pesticide, with matrix
matching were made. The standard solutionsfor the
calibration curveswere prepared in control matrix be-
cause samples may possess co-extractantsinthe ma-
trix which may affect the peak area of the unknown
samples.

L imit of detection and limit of quantification

Thelimit of detection (LoD) was calculated from
thepeak intensity at 0.01mg kg* and blank in recovery
tests. LoD was defined as S/IN>4 so that it isin the
linear range of the standard calibration. The LoD of
monocrotophos, chlorpyriphos, and endosulfan was
0.005, 0.003, and 0.004 mg kg* respectively. LoQ
was obtained for monocrotophos, chlorpyriphos, and
endosulfan was 0.015, 0.009 and 0.012 mg kg™ re-
spectively (TABLE 1). Linear calibration curveswere
found between pesk areasand anayteconcentrationin
thewholerangeof studies. Thelinear regresson(y=a
+ bx) parameters for method calibration were taken
(TABLE 2). Thecorrelation coefficients of analytical
curves were near 0.99, with linearity for each com-
pound, which allows the quantitation of these com-
pounds by the method externa standardization.

TABLE 1: Molecular formula, retention time, LODsand
L OQsof monacr otophos, Chlor pyriphosand endosulfan.

Compound NI (rFr:i-Ir—w) (r#goEgl) (r#goggl)
Monocrotophos C;H1,NOsP 17.89  0.005 0.015
Chlorpyriphos  CgH1;CIsNOsPS 25.12  0.003 0.009
Endosulfan CoHsClgOsS  26.72  0.004 0.012

TABLE 2: Quantitation ion, conformation ion and calibration range of monocr otophos, chlor pyriphosand endosulfan.

Compound Quar_1titati0n Confi_r mation Calibr ation_1 Corre_lqtion C_:ogfficient of
ion ion range (mg kg™ coefficient variation (n =5 %
Monocrotophos 127 98 0.02-1.00 0.991 5.8
Chlorpyriphos 97 314 0.02-1.00 0.988 6.0
Endosulfan 373 237 0.02-1.00 0.989 5.8
Recovery thefinal extractswascalculated (TABLE 3). Theaver-

Recovery studieswere performed to examinethe
efficacy of extraction and clean up. Untreated cauli-
flowersand caps cum sampleswere spiked with known
concentration of the pure pesticides standard solution
and extraction and clean-up were performed as de-
scribed earlier. The concentration of each pesticidein

agerecoveriesof pesticideresiduesin cauliflower and
capsicum samplesare 90.0to 105.0 %.

APPLICATIONTOTHEANALYSISOF
MARKET SAMPLES

In order to test thefeasibility of the GC-MS ap-
—  Analytical CHEMISTRY
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proach for routine anaysisof pesticideresiduesinthe
market samples of vegetables (cauliflower and capsi-
cum) were analysed for the target compounds. The

TABLE 4 : Amounts of pesticides residue detected in
cauliflower and capsicum samples.

M onocr otophos Chlorpyriphos Endosulfan

. C e . Sample _ h )
concentrations of each pesticidein thefinal extractsof . P (mgkg™) (mgkg")  (mgkg?)
the market were obtained and calculated (TABLE 4).  Cauliflower nd nd 0.002

TABLE 3: Recovery of pesticidesin the spiked samples Cauliflower 0.024 nd 0.003

' yore ® i ef':_ > Cauliflower nd 0.002 0.001

oefficient .
Sample Compound  Concentration Recovery of Cauliflower 0.027 nd nd
P (mgkgh) (%) (variat)ion Cauliflower nd nd 0.002
n=5 % :
Cauliflower Monocrotophos 1.0 90.00 4.58 Capgcum nd 0.012 0.008
Cauliflower Chlorpyrifos 10 99.80 4.70 Capsfcum 0.021 nd 0.021
Cauliflower Endosulfan 1.0 10420 440 Capsicum 0.007 0.008 0.027
Capsicum  Monocrotophos 1.0 93.20 4.25 Capsicum 0.018 0.023 Nd
Capsicum  Chlorpyrifos 1.0 100.30 456 Capsicum 0.020 nd 0.026
Capsicum  Endosulfan 1.0 105.00 4.68 nd = non detected
’| I
' .l '. | | P
Figurel: Chromatopgram of monaocr otophost, chlor pyriphos’, and endosulfan®in actual sampleof capsicum.
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Figure2: Massspectraof monocrotophos, chlor pyriphos, and endosulfan.

chlorpyriphos, and endosulfanin actual sampleof cap-  for theanadysisof 3 representative pesticidesin cauli-
sicum and figure 2 shows mass spectra of flower and capsicum were optimized, and sample
monocrotophos, chlorpyriphos, and endosulfan. preparation method was eval uated. Themain conclu-
sionsof the study can be summarised asfollows: (i) a

CONCLUSION good separation and high sensitivity was achieved by

Inthisstudy, the operating parametersof GC-Ms  GC-MSmethod for all pesticidesusingacapillary col-
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umn, (ii) theclassical procedurethat involves extrac-
tionwith 1%acetic acidin acetonitrilec eenupwith PSA
and magnesi um sul phate, showed an efficient remova
of interferences, providingasmple, rapidandreliable
andysisof pesticidesinal matrices, (iii) for most of the
pesti cides assayed the performance characteristics ob-
tained within validation study were acceptable, within
thequality control requirements. Applying thismethod,
anaysistimeis shorter compared to other methods.
Thus, high sample throughput can, therefore, be
achieved, whichisuseful in pesticide monitoring pro-
gramswithalarge number of samplesto andyse.
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