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ABSTRACT 
Cereals are an essential component of human diet. Pesticides constitute an important component 
in agriculture development and protection of public health in India since the tropical climate is 
very conductive to pest breeding. Several hundred pesticides of different chemical nature are 
currently used for agricultural purposes all over the world. QuEChERS (quick, easy, cheap, 
effective, rugged and safe) sample preparation was used for the determination of 16 
Organophosphate Pesticide Residues (OPP’s) in food grain samples, wheat and cereal collected 
from local market of Lucknow city, India. The pesticide residues analysis method was based on 
QuEChERS in which the best approach to extract with ethyl acetate followed by clean-up of 
extracts using anhy.MgSO4 and Primary Secondary Amine (PSA). The analyses were carried out 
with gas-chromatography (GC–NPD/MS). The method was standardized in samples spiked at 
0.10 and 0.50 mg/kg and the average recovery varied from 70.20% to 95.25% with Relative 
Standard Deviation (RSDs) < 15%. The method showed Limit Of Detection (LODs) ranged 
from 0.001 to 0.010 mg/kg Out of 16 OPP’s only chlorofenvinfos and ethion were detected 
above Maximum Residues Limit (MRL).  
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INTRODUCTION 
Environmental pollution is one of the serious 
predicaments of the modern world.1 Pesticides 
are widely applied in a variety of different 
ways during the production of food to control 
the growth of weeds and fungi or to prevent 
crop damage by insects, mites, rodents. 
Pesticides are also frequently used on crops 
post harvest to prolong storage life, improve 
quality and as agricultural pests or as threats to 
the human health through the transfer of 
dangerous diseases.2-4 The ever-increasing 
trend of population growth and the higher rate 
of food consumption have forced the producers 
to intensify their efforts to increase food 
products. Mostly, cereal crops are cultivated 
under high pressure for achieving higher 
production. This involves repeated application 
of pesticides for the control of various insect-
pests. Pesticide    residues   in food items have  

been a concern to environmental and consumer 
groups of their wide spread use.5 During the 
last decade, due to the significant increase in 
the environmental pollutants and lack of 
precautionary measures or observance of the 
environmental regulations, it has become a 
global problem.1, 6-8 The farmers as one of the 
main components of this chain are also using 
escalating amounts of pesticides to protect 
their crops.2 The most important effects of the 
synthetic pesticides, especially Organochlori-
nated Pesticides (OCP’s) and Organ 
Phosphorus Pesticides (OPP’s) are water and 
soil pollutions, as well as the contamination of 
vegetables, fruits, milk, food products and 
other living organisms.9 These compounds 
have been or continue to be used in large 
quantities.10 Most pesticide residues find their 
way into the human body through fruits, 
vegetables, cereals, water and other food 
commodities. Due to low persistence and high  *Author for correspondence 
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bio-efficiency of OPPs, many farmers 
regularly use this group of pesticides for 
various grains, vegetable and fruit crops.  The 
continuous use of pesticides has caused the 
deleterious effects to ecosystem.11 Because of 
wide spread use of pesticides, the presence of 
their toxic residues have been reported in 
various environment commodities.12-18 
Monitoring of pesticides are conducted 
throughout the world to assess the environment 
load of pesticides. Thus, the determination of 
pesticide residues in food and other 
environmental matrices like cereal, pulses, 
vegetables, fruits and total diet has become 
increasingly essential requirements for 
consumers, producers and authorities for food 
quality control.12 Many analytical methods 
have been developed for the extraction of 
pesticide residues from different matrices like 
vegetables, fruits, grain, biological and 
environmental samples.12,19-24 QuEChERS 
(Quick, Easy, Cheap, Effective, Rugged and 
Safe) is a sample preparation approach used 
prior to pesticide residue analysis.20 The 
QuEChERS method has been widely used 
around the world because of its flexibility and 
unique facilities since the mid 1990’s.  With 
various modifications the method can be 
applied to determining many types of pesticide 
residues in various samples. These methods are 
usually linked with gas and/or liquid 
chromatographic analyses with Mass 
Spectrometric (MS) detector.24 The data would 
help in assessing the risk of human exposure to 
pesticides and implementing integrated pest 
management programme. 

MATERIAL AND METHODS 
Chemicals and pesticide standard 
Organophosphates pesticide standards 
(Dichlorvos, Phorate, Dimethoate, Diazinon, 
Methyl Parathion, Chloropyrifos Methyl, 
Phorate Sulfone, Phorate Sulfoxide, Fenitro-
thion, Malathion, Chloropyrifos, Chlorofen-
vinfos, Profenophos, Ethion, Edifenfos and 
Phosalone) were procured from Supelco, 
Sigma-Aldrich USA, Fluka, Sigma-Aldrich 
Schweis and Rankem Pvt. Ltd. New Delhi, 
India. All solvents like n-hexane, acetone and  

ethyl acetate (HPLC grade) were purchased 
from Sigma-Aldrich Co. USA, Spectrochem 
Pvt. Ltd. India. Sodium chloride (NaCl) and 
anhydrous magnesium sulphate (MgSO4) were 
procured from Himedia Pvt. Ltd. India. PSA 
bondasil 40 μm part 12213024 of Varian was 
used for sample preparation. 
Sampling, transport and storage of samples  
Food grains, wheat and rice obtained from 
market basket samples from Lucknow, India. 
Samples were collected and transported to the 
laboratory in clean polyethylene bags within 1 
day. Each sample was identified clearly and 
indelibly by allocating a unique identification 
number. All analyses were undertaken within 
the shortest time possible (within 2 days) to 
minimize potential analyte losses. 
QuEChERS sample preparation 
100 gm sample was grind in warring blander 
and 10 g macerated sample of each food 
commodities was weighed into 50 ml polypro-
pylene centrifuge tubes. In standardizing 
method, the analytical procedure consisted of 
the following steps : (a) placing a sample of 10 
g of grain into a polypropylene centrifuge tube, 
(b) adding 10 ml distill water (c) spiking 
OPP’s standard mixture which were allowed to 
stand for 3-4 hr at room temperature (d) adding 
10 mL of EtoAc, 4 g of MgSO4 and 1 g of 
NaCl in each tube, and rotospin it at 50 rpm for 
10 min and  centrifuging it at 8,000 rpm for 10 
min. (e) transferring 1 mL of EtoAc extract to 
a micro centrifuge tube containing 100 mg 
PSA, 150 mg activated MgSO4 and rotospin it 
at 50 rpm for 10 min and  centrifuging it at 
8,000 rpm for 10 min, (f) 1.0 mL of the extract 
was transferred to an autosampler vial 
(Shimadzu GC-2010 autoinjector) for analysis 
by GC–NPD/MS. The volume analyzed       
was 1µL. 
Instrumental analysis 
GC-NPD analysis 
Residues were analyzed on Shimadzu GC-
2010 equipped with fused silica capillary 
column, DB-1 (30 mt. × 0.25mm. id) coated 
with 100% dimethylpolysiloxane (0.25 µm 
film thickness) using NPD. General operating 
conditions   were    as   follows,   Injector   port  
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temperature : 2500C, detector temperature 280, 
carrier  gas  Nitrogen  (N2),  flow  1.46 ml/min, 
Hydrogen (H2) makeup is 30 ml/min and zero 
air 60 ml/min, column temperature program, 
initially 950C for 4 min, increase at 2.50C/min 
to 1700C hold for 7 min, then increase 
2250C/min hold for 10 min; injection volume, 
1µl split ratio 1:5. The total run time was 37 
min and Shimadzu, GC Solution software was 
used for instrument control and data analysis. 
Quantification of the pesticides was done by 
peak area using the external standard method. 
GC-MS confirmation 
A Perkin Elmer GC-MS consisting of auto 
system XL Gas Chromatograph with a Turbo 
Mass Spectrometer was used for analysis. The 
column used in this study is Elite-5MS fused-
silica capillary column (30 m X 0.32 mm I.D., 
0.25 mm film thickness). Carrier gas used was 
helium (purity 99.999%) with a flow rate of 
1.6 ml/min. A 1µl aliquot of the extract was 
injected using the splitless mode. The oven 
temperature program is 100oC for 1 min and 
then @ 20oC/min to 210oC  and hold for 1 min, 
then @45oC/min to 300oC and hold for 1 min.  

RESULTS AND DISCUSSION 
An aliquot of 10 g grind sample was fortified 
with 1 ml of 16 OPP’s mixture in which each 
pesticide had a concentration of 0.10, 0.50 
µg/ml and another aliquot without OPP’s 
fortification was served as a control. Recovery 
ranges were 70.20% - 95.25%. Repeatability of 
the method was evaluated through the Relative 
Standard Deviation (RSD%) associated the 
measurement of the pesticide taken during 
recovery. The LOD were calculated from the 
standard deviation of this determination.  LOD 
and LOQ for 16 pesticides ranged from 0.001 
to 0.010 mg/kg and 0.004 to 0.033 mg/kg were 
analysed respectively as shown in Table 1. 
The results of the proposed method indicate 
that the QuEChERS sample preparation 
coupled with GC-NPD analysis is suitable for 
the determination of 16 OPPs viz; dichlorvos, 
phorate, phorate-sulfone, phorate-sulfoxide, 
dimethoate, diazinon, methyl-parathion, chlor-
pyrifos-methyl, fenitrothion, malathion, chlor-
pyrifos, chlorofenvinfos, profenofos, ethion, 
edifenophos and phosalone. Wheat and        
rice  samples were analyzed in triplicate for the  

presence of pesticides residues as shown in 
Table 2. The level of pesticide residues in 
wheat and rice were compared with their 
MRL fixed by Prevention of Food 
Adulteration Act. (PFA), Govt. of India 
1954.25-27 Chlorofenvinfos (BDL-
0.304mg/kg) were found above MRL in one 
of wheat sample. The pesticides residue 
recorded below the detection limit were 
considered BDL. Fig. 1 shows the 
representative GC-NPD chromatogram for 
standard of 16 OPP’s mixture solution in 
which no interference peaks was obtained.  
Fig. 2 shows the representative GC-MS/MS 
chromatogram for standard of 16 OPP’s 
mixture. However, in rice samples chloro-
fenvinfos (0.218-0.356 mg/kg) and ethion 
(BDL-0.034 mg/kg) were also found above 
MRL. Chlorpyriphos methyl (BDL-0.533 
mg/kg), Chlorpyriphos (BDL-0.024 mg/kg) 
and Methyl Parathion (0.026-0.262 mg/kg) 
were detected in wheat samples. In rice three 
samples contained chlorpyriphos methyl 
(0.468-0.707 mg/kg), Chlorpyriphos (0.029-
0.038 mg/kg) and Profenophos (BDL-
0.010mg/kg). It is interesting to note that 
profenophos and ethion was not detected in 
any wheat samples. While methyl parathion 
was not detected in any of rice samples. In 
instrument analysis several gradient profiles 
are studied obtaining better response with the 
gradient describe in material and method 
section of instrument analysis. The used 
chromatographic condition resulted to 
maximise the resolution among the peaks and 
minimize the total run time (about 37 min.). 
The sensitivity was better as split ratio 1:5 
under these conditions retention time of 
organophosphate were constant ranging from 
retention time from 3.99 (Dichlorvos) to 
34.71 (Phosalone) (Table 1). The technique 
described in the study reflects on rapid 
extraction with ethyl acetate and GC-NPD 
analysis for the determination of OPP’s in 
different food samples. It has reduced the 
amount of solvent, minimizes the number of 
analytical steps and avoids time consuming 
cleanup steps. Initially, experimental 
conditions were established on the basis of 
our previous experience in the determination 
of pesticides in vegetables.12  
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Table 1 : Retention time tR(min), Recovery (%) at different spiking level, Limit Of Detection (LOD),  
Limit Of Quantification (LOQ), Chemical composition, m/z ion of the selected pesticides 

 Pesticides Elemental 
Compositions Fortification level  (mg/kg) (%)  Recovery   LOD (mg/kg)  LOQ 

(mg/kg) 
tR, 
min Masses,  m/z 

Dichlorvos C4H7Cl2O4P 0.1-0.5 80.23-84.57 0.003 0.010 3.99 109*+127+185 

Phorate C7H17O2PS3 0.1-0.5 75.45-78.20 0.002 0.007 11.82 75*+121+260 

Dimethoate C5H12NO3PS2 0.1-0.5 71.45-74.60 0.010 0.033 12.05 87*+92+125 

Diazinon C12H21N2O3PS 0.1-0.5 80.00-85.25 0.003 0.010 14.95 137+179*+304 

Methyl Parathion  C8H10NO5PS  0.1-0.5 80.45-85.10 0.003 0.010 16.77 109+125+263* 

Chloropyrifos methyl  C7H7Cl3NO3PS 0.1-0.5 86.30-90.00 0.001 0.004 16.99 286+288*+125 

Phorate Sulfone C7H17O4PS3 0.1-0.5 88.35-93.45 0.001 0.004 18.20 109+183+277* 

Phorate Sulfoxide C7H17O3PS3 0.1-0.5 83.70-88.90 0.003 0.010 18.34 29+109+183* 

Fenitrothion C9H12NO5PS 0.1-0.5 70.20-74.50 0.010 0.033  18.66 277+260+125 

Malathion C10H19O6PS2 0.1-0.5 82.50-85.55 0.002 0.008 18.92 125+127+173* 

Chloropyrifos C9H11Cl3NO3PS 0.1-0.5 92.40-95.25 0.001 0.004 19.49 314*+286+197 

Chlorofenvinfos  C12H14Cl3O4P 0.1-0.5 90.75-93.25 0.003 0.010 21.27 323*+269+267 

Profenofos  C11H15BrClO3PS 0.1-0.5 80.25-83.45 0.004 0.013 23.39 97+337+374* 

Ethion  C9H22O4P2S4 0.1-0.5 80.40-85.70 0.005 0.017 25.96 97+153+231* 

Edifenfos  C14H15O2PS2 0.1-0.5 90.40-93.50 0.001 0.005 26.95 310*+173+110 

Phosalone C12H15ClNO4PS2 0.1-0.5 80.50-86.25 0.003 0.010 34.71 182*+184+367 
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Table 2 : Level of pesticide residues in wheat and rice samples 

Pesticides Commodity Residues range (mg/ kg) 

Chlorpyriphos methyl Wheat BDL-0.533 
Rice 0.468-0.707 

Methyl Parathion Wheat 0.026-0.262 
Rice ND 

Chlorpyriphos Wheat BDL-0.024 
Rice 0.029-0.038 

Chlorofenvinfos Wheat BDL-0.304 
Rice 0.218-0.356 

Profenophos Wheat ND 
Rice BDL-0.010 

Ethion Wheat ND 
Rice BDL-0.034 

ND – Not Detected, BDL- Below Detection Limit 
 

 
 

 

 

 

 

 

 

 

 

 

 

Peak identification : 1. Dichlorvos , 2. Phorate , 3. Dimethoate, 4. Diazinon, 5. Methyl Parathion, 6. Chloropyrifos Methyl, 7. Phorate 
Sulfone, 8. Phorate Sulfoxide , 9. Fenitrothion, 10. Malathion, 11.Chlorpyrifos, 12.Chlorfenvinfos, 13. Profenofos, 14. Ethion, 15. 
Edifenofhos, 16. Phosalone 

Fig. 1 : GC-NPD chromatograms of organophosphate pesticides following QuEChERS extraction 
: Separation was performed using a DB-1 column 

Some modifications to the original QuEChERS 
method have been introduced to ensure efficient 
extraction of pH dependent compounds to 
minimize degradation of susceptible compounds 
(e.g. base and acid labile pesticides) and to 
expand the spectrum of food matrices amenable 

by the method. To improve stability of base-
labile compounds in the sample extracts, a small 
amount of formic acid is added to the final 
extract after cleanup using a Primary Secondary 
Amine (PSA) sorbent.20, 21, 26 However, in the 
present study attention has been played to the 
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cleanup stage. In addition, identification of 
pesticides were made through either GC/NPD or 
GC-MS in selection ion monitoring scan mode 

which were considered as the combination of 
choice because of their high selectivity and 
confirmation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : GC-MS chromatograms of organophosphate pesticides standard:  Elite-5MS fused silica 
column 

CONCLUSION 
The proposed method shows good sensitivity, 
recovery and allows for rapid analysis. The 
method requires only a small volume of solvent 
per sample and needs no special equipment. It 
covers a wide range of pesticides, applicable to 
various food commodities is ideally suited for 
use in a regulatory laboratory. The major 
advantage of the QuEChERS method is that it 
provides quantitative recovery of pesticides after 
PSA cleanup and the final extracts have greatly 
reduced matrix interference. The aim of this 
work was to evaluate the simple and rapid 
QuEChERS multiresidue method for the determ-
ination of OPP’s in food commodities using GC-
NPD system with capillary column. This study 
describes the extension of QuECh ERS 
methodology for the determination of organo-
phosphate pesticide residues in wheat and rice. 
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