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A study was carried out to compare the solvent extraction method for the
determination of organophosphorus and pyrethroid pesticides in vegetables.
Two organophosphorus and one pyrethroid pesticides were extracted by
using ethyl acetate and cleaned up with Florisil and activated charcoal
column other solvent acetonitrile (MeCN) containing 1% of acetic acid,
followed by cleanup of the extract was carried out with primary secondary
amine (PSA) and magnesium sulphate and residues were analysed by gas
chromatography equipped with mass detector. In this study several reasons,
MeCN was found to be the most suitable solvent for extraction of a wide
polarity range of pesticide residues from vegetables. MeCN offers
advantages in extraction selectivity and compatibility with more diverse
analytical techniques compared to EtAc. Pesticides extracted using this

method was determined by gas chromatography equipped with mass
detector. Better recovery was obtained when the samples extracted with
acetonitrile in comparison to ethyl acetate. Recovery of the pesticides were in
the range of 80-102.%.

Copy Right, IJAR, 2014,. All rights reserved

Introduction

Pesticides are a numerous and diverse group of chemical compounds, which are used to eliminate pests in
agriculture and households. They enable the quantities and the quality of crops and food to be controlled, and help to
limit the many human diseases transmitted by insect or rodent vectors. However, despite their many merits,
pesticides are some of the most toxic, environmentally stable and mobile substances in the environment. Their
excessive use has a deleterious effect on humans and the environment; their presence in food is particularly
dangerous. With their environmental stability, ability to bioaccumulation and toxicity, pesticides may place the
human body at greater risk of disease and poisoning [1]. In order to protect consumer’s health extensive efforts have
been made to the development of new sample preparation techniques that save time, labor and solvent consumption to
improve the analytical performance ofthe procedure.

Numerous methods have been developed for the analysis of OP pesticides in fruits and vegetables. Some of
these methods advocate the use of solid-phase extraction (SPE) cartridges. A method using acetonitrile for
extraction of pesticide residues in fruits and vegetables was reported [2]. Acetonitrile (MeCN) [3-10] and ethyl
acetate (EtAc) [11-15] are two extraction solvents most commonly used in multiresidue methods (MRMs) for the
determination of pesticide residues in produce.

The OP insecticides were extracted with methanol dichloromethane (1: 9) and cleaned up using gel

permeation chromatograph and silica gel mini columns. Determination of OP pesticides in fruits and vegetables
using octadecyl, carbon and aminopropyl cartridges was reported (16). Twenty four pesticides representing different
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chemical classes (OPPs, OCPs, carbamates and pyrethroids) were determined in fruits and vegetables using GC-MS.
The pesticides retained were then eluted with 4 mL of ethyl acetate. Recoveries were found to be between 70% and
110% for most of the pesticides (17). Six common organic solvents for gas chromatographic (GC) analysis of
pesticides three of these, acetone, acetonitrile (MeCN) and ethyl acetate (EtAc), represent extraction solvents
commonly used in multiresidue methods for determination of pesticides in produce the other three, isooctane,
hexane and toluene, often serve as exchange solvents. For several reasons, MeCN was found to be the most suitable
solvent for extraction of a wide polarity range of pesticide residues from produce (18).

In this study, it was evaluated two organic solvents commonly featured in either sample preparation
(MeCN, acetone, and EtAc) in pesticide multiresidue analysis. The aim of the study to identify he most suitable
solvent for the determination of pesticides residues in the vegetable samples.

EXPERIMENTAL

Chemical and reagents

The organic solvent acetic acid, acetonitrile HPLC grade, ethyl acetate, magnesium sulphate and sodium
acetate AR grade purchased from E Merck and primary secondary amine purchased from Agilent Technologies. The
technical grade pesticide standards were used for standardizations and it were stored in a freezer. Pesticides used for
supervised trial chlorpyrifos EC 20% (Chloro-20), cypermethrin 25%EC (Molthrin-25) and monocrotophos SL36%
(Monophos-36) purchased from local pesticide suppliers. Anhydrous magnesium sulphate used during residue
extraction was maintained at 300°C overnight and kept in air tight container. Polyethylene or PFTE 15ml and 50 ml
with screw cap tubes.

Sample collection

Supervised trial was conducted on two vegetables viz. brinjal (Agassim variety) and okra crops (Parbhani
kranti variety) at the farmer orchard Vasco-da-Gama, Goa, during summer season (March to June). In supervised
trials, chlorpyrifos, cypermethrin and monocrotophos were sprayed with different concentrations (100, 200 and 300g
a.i.na™ on the brinjal and okra. The sample was not applied any pesticides used as control sample. Samples of okra
fruits were collected on 0, 1, 3, 5, 7, 10, 15 days and at harvest after treatment. Residues were estimated by GC-ECD
system and reached BDL of 0.010 mg kg-1 on 7th and 15th day in case of single and double dose, respectively The
spiked samples were extracted with ethyl acetate and acetonitrile and analysed by GC-MS.

Standard preparation

For preparation of stock solution, standards were dissolved in ethyl acetate and four levels of intermediate
standard solution of each pesticide were prepared maintaining the same matrix concentration for the preparation of
calibration curve and stored at -4°C in the dark. Working solutions were prepared daily by appropriate dilution with
ethyl acetate. The standard solutions were prepared at 0.2 to1.00 mg kg™ concentrations for GC-MS analysis.
Sample extraction and cleanup
Method: 1 Extraction with ethyl acetate

In validation experiments brinjal and okra were used as representative matrices. The fresh samples of brinjal
and okra vegetables collected from supervised field were taken for the extraction of pesticide residues. Each
vegetable was chopped into small pieces; a representative sample (50gm) was macerated with 5-10gm anhydrous
sodium sulphate in blending machine to make fine paste. The macerated sample was extracted with 100 ml of ethyl
acetate on mechanical shaker for 1 h; extract was taken for clean up procedure.

Cleanup

In order to achieve the sensitivity required for analysis, the extract of pesticide residues was cleaned up to
remove any interfering substances co-extracted with pesticide residues. For this purpose, a Florisil column and
charcoal column was used.The clean-up of pesticides were carried out by using column chromatography. Column
(60cm x 22mm) was packed with, Florisil and activated charcoal (5:1 w/w) in between the two layers of anhydrous
sodium sulphate. The column was then filled with Florisil that had been activated at 150°C for at least 24 hours
followed by charcoal and anhydrous sodium sulphate. Just prior to use, the column containing adsorbents was
washed with ethyl acetate before loading the sample and flow rate was adjusted to get optimum recovery of the
analyte. Extract was eluted with 125 ml mixture of ethyl acetate and hexane (3:7 v/v). After concentrating the eluate
on rotary evaporator, final volume was made to 2ml for analysis by gas liquid chromatography (GC).
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Method: 2 Extraction with acetonitrile

The fresh brinjal and okra 2 kg each samples were taken for the extraction of pesticide residues. The
samples were macerated to make paste with Philips mixer (equipped with stainless steel knives), a 15 g portion of
the homogenized sample was weighed into a 50 ml polytetrafluoroethylene (PTFE) tube added 15 ml of acetonitrile
containing 1% acetic acid (v/v). Then, 6 g MgSO4 and 2.5 g sodium acetate trihydrate (equivalent to 1.5 g of
anhydrous form) were added, and the sample was shaken forcefully for 4 min and kept in ice bath. The samples
were then centrifuged at 4000 rpm for 5 min and 6 ml of the supernatant were transferred to a 15 ml PTFE tube to
which 900 mg MgSO4 and 300 mg PSA were added. The extract was shaken using a vortex mixer for 20 s and
centrifuged at 4000 rpm again for 5 min, approximately 2ml of the supernatant were taken in a vials. This extracts
were evaporated to dryness under a stream of nitrogen and reconstituted in n-hexane in auto sampler tube for the
GC-MS analysis.

Instrumentation

The analysis of pesticide was carried out by an integrated system of gas chromatography, equipped with
automatic injection system and coupled to a mass spectrometric system with ion trap analyser. Varian CP-3800 GC,
Saturn-2200 mass spectrometer with auto injector CP-8410 was used for analysis. The mass spectrometer was auto
tuned using perfluorotributylamine (PFTBA). The separation of pesticide was done in a 30 meter length, 0.25 mm
internal diameter and 0.25 um film thickness coated with 5% phenyl-95% methylpolysiloxane Varian VF-5MS
column. Helium was used as the carrier gas at 9.6 psi pressure and 1 ml min-1 flow. The injector was used at
constant temperature 280°C. The initial oven temperature was 80°C (4min. isothermal) to 180°C (at 20°C min™) to
250°C (at 2°C min™) to 280°C (at 10°C min™) isothermal for 4 minutes. The injection volume was 1pL in splitless
mode. The temperature of ion trap, manifold and transference line was 220°C, 50°C and 300°C respectively. The
mass spectrometer was used in SIM mode under electron impact at 70 eV and scan time 1 second. The computer that
controlled the system also held a GC-MS library specially created for the target analytes under our experimental
conditions. The mass spectrometer was calibrated weekly with perfluoro-tributylamine. Helium (99.999%) at a
flow-rate of 1 ml min™ was used as carrier and collision gas.

Method Validatation
In order to check the feasibility of the GC-MS method for the analysis of pesticide residues in fresh sample extracts,
it was validated using control brinjal and okra extracts.

Limit Of detection (LOD) and limit of quantitation(LOQ)

The limit of detection (LOD) is the lowest amount of an analyte in a sample that can be detected, but not necessarily
quantitated, under the stated experimental conditions. It may be expressed as a concentration that gives a signal to
noise ratio of 3 with reference to the background noise obtained from blank sample. The lowest concentration of the
pesticide that gave peak area five times greater than background level was considered as LOD, and the values are in
the range of 0.001-0.004 mgkg™. Limit of Quantitation (LOQ) is the lowest amount analyte in a sample that can be
determined with acceptable precision and accuracy under the stated experimental conditions. A signal-to-noise ratio
of 10 can be taken as LOQ of the method. The LOQ values are in the range of 0.005-0.020 mg kg™ (table:1).

Linearity

The linearity of the calibration plots was studied using calibration solutions prepared in the control/blank
sample extract. The correlation coefficients of analytical curves were near 0.99, with linearity for each compound,
which allows the quantitation of these compounds by the method (table:2)
Recovery

The accuracy of an analytical method is the closeness of experimental results obtained by that method to
true value. The accuracy of the method was estimated through recovery experiment. For this purpose, control
samples (brinjal and okra) were spiked with a 1.0mg kg™ of pesticides. The concentration of each pesticide in the
final extracts was calculated (table 3). The average recoveries of pesticide residues in brinjal and okra samples were
80.0 to 102.0 %.
Application of extraction method to the supervised trial samples

In order to test the feasibility of the solvent extraction methods for the analysis of pesticide residues in the
supervised trial samples of vegetables (brinjal and okra) using gas chromatography and mass spectrometer. The
comparative solvent extraction and recovery of pesticides residue from supervised trails is given in the (table: 4 to
9).
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RESULTS AND DISCUSSION

Acetonitrile and ethyl acetate are two extraction solvents most commonly used for isolation of multiple pesticide
residues from produce and each of them has been demonstrated to give acceptably high recoveries of a wide range
of pesticides (5-8, 9-12,14). In contrast to MeCN, EtAc is practically immiscible with water (19) which can easily be
removed from EtAc extracts by a drying agent (usually anhydrous Na2S0O4). In the case of MeCN, the use of a
proper combination of salts (such as anhydrous MgSO4 and NaCl in the QUEChERS method (3) can provide a well-
defined phase separation without dilution and high recoveries including rather polar pesticides. Moreover,
anhydrous MgSO4 removes residual water remaining in organic phase after the partitioning step more efficiently
from MeCN. In terms of extraction selectivity, MeCN isolates much less lipophilic compounds from samples in
comparison with acetone and EtAc (amount of lipophilic co-extractives decreases in the order: EtAc > acetone >
MeCN (20). For example, dispersive-SPE clean-up used in the QUEChERS method (5) for removing of co-
extractives from MeCN extracts makes the clean-up step relatively fast, inexpensive, and convenient. An additional
important advantage of MeCN versus EtAc is its compatibility with reversed-phase liquid chromatography (LC),
which offers a possibility to analyze both GC- and LC-amenable analytes in the same extract. To summarize, the
three extraction solvents can be ordered according to their suitability for sample preparation in analysis of pesticide
residues in produce as follows: MeCN >EtAc . In terms of cost, MeCN is approx. 1.4 and 1.7 times more expensive
than a similar grade EtAc, respectively. MeCN is also more toxic, but its negative impact on human health and the
environment is much lower than in the case of chlorinated solvents (such as dichloromethane), which are still used
in routine practice. According to the US Environmental Protection Agency (EPA), MeCN is not classified as a
human carcinogen and is not persistent in the environment. Moreover, the lower volatility of MeCN reduces analyst
exposure, which can be further minimized by following proper handling procedures (3).

Table 1: Molecular formula, retention time, LODs and LOQs of monocrotophos, chlorpyrifos and
cypermethrin.

Compound Molecular formula RT LoDs LoQs
(min) (mg kg™) (mg kg™)

Chlorpyrifos CgH11CI3NO3PS 25.12 0.003 0.009

Cypermethrin C22H19CI2NO3 31.32 0.003 0.009

Monocrotophos C7H14N Osp 17.89 0.004 0.012

Table 2: Quantitation ion, confirmation ion and calibration range of chlorpyrifos cypermethrin and

monocrotophos
Compound Quantitation ion  Confirmation ion Calibration Correlation Coefficient
range coefficient of variation (n
(mg kg™) =5) %
Chlorpyriphos 97 314 0.02-1.00 0.991 6.8
Cypermethrin 181 127 0.02-1.00 0.992 6.2
Monocrotophos 127 98 0.02-1.00 0.988 6.4

Table 3: Recovery of pesticides in the spiked samples.

Sample Pesticide Concentration Recovery Coefficient of variation
(mg kg™) % (n=5) %
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Brinjal
Brinjal
Brinjal
Okra

Okra
Okra

Chlorpyrifos
Cypermethrin

Monocrotophos

Chlorpyrifos
Cypermethrin
Monocrotophos

1.0
1.0

1.0

1.0
1.0
1.0

92.50
90.22

102.00

90.50
80.20
101.80

6.8
6.2

6.4

6.8
6.2
6.4

Table: 4 Extraction of chlorpyrifos residue using different solvent system in brinjal samples collected from
supervised field sprayed with 100, 200 and 300g a.i. ha™

Days after Recovery of residues (mg kg™)
treatment
Sample extracted with ethyl acetate residues% Sample extracted with acetonitrile
residues%o
dose (100 g a.i. | dose (200 g a.i. | dose (300 g dose (100 g dose (200 g dose (300 g
ha) ha™) a.i. ha?) a.i. ha?) a.i. ha) a.i. ha?)
0 (2hr) 0.358 0.678 0.874 0.362 0.679 0.876
1 0.223 0.404 0.501 0.229 0.409 0.501
3 0.127 0.240 0.284 0.129 0.242 0.288
5 0.049 0.101 0.138 0.051 0.104 0.141
7 0.033 0.045 0.058 0.035 0.047 0.059
9 0.005 0.017 0.024 0.005 0.018 0.026
11 0.002 0.008 0.010 0.002 0.010 0.012
13 BDL 0.002 0.006 BDL 0.002 0.007
15 - BDL 0.004 - BDL 0.004
17 BDL BDL

Table: 5 Extraction of cypermethrin residue using different solvent system in brinjal samples collected from
supervised field sprayed with 100, 200 and 300g a.i./ha.

Days after Recovery of residues (mg kg™)
treatment
Sample extracted with ethyl acetate residues% Sample extracted with acetonitrile
residues%
dose (100 g a.i. | dose (200 g a.i. | dose (300 g dose (100 g dose (200 g dose (300 g
ha™) ha™) a.i. ha™) a.i. ha™) a.i. ha™) a.i. ha™)
0 (1hr) 0.339 0.657 0.858 0.340 0.661 0.858
1 0.203 0.382 0.483 0.207 0.382 0.488
3 0.106 0.221 0.265 0.106 0.224 0.266
5 0.028 0.085 0.119 0.029 0.088 0.119
7 0.014 0.028 0.038 0.015 0.030 0.038
9 0.005 0.011 0.021 0.005 0.013 0.023
11 BDL 0.004 0.010 BDL 0.004 0.011
13 - BDL 0.004 - BDL 0.004
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15 - - BDL

- - BDL

17 - - -

Table: 6 Extraction of monocrotophos residue using different solvent system in brinjal samples collected from
supervised field sprayed with 100, 200 and 300g a.i./ha

Days after Recovery of residues (mg kg™)
treatment

Sample extracted with ethyl acetate residues% Sample extracted with acetonitrile

residues%

dose (100 g a.i. | dose (200 g a.i. | dose (300 a.i. | dose (100 a.i. | dose (200 a.i. | dose (300 a.i.

ha™) ha™) ha™) ha™) ha™) ha™)
0 (1hr) 0.379 0.689 0.889 0.389 0.689 0.891
1 0.244 0.424 0.518 0.248 0.429 0.521
3 0.148 0.262 0.295 0.148 0.264 0.297
5 0.071 0.122 0.145 0.073 0.128 0.149
7 0.038 0.058 0.068 0.038 0.058 0.068
9 0.021 0.034 0.032 0.024 0.039 0.032
11 0.008 0.008 0.017 0.008 0.009 0.018
13 BDL 0.002 0.008 BDL 0.004 0.008
15 - BDL 0.004 - BDL 0.004
17 BDL BDL

Table: 7 Extraction of chlorpyrifos residue using different solvent system in okra samples collected from
supervised field sprayed with 100, 200 and 300g a.i./ha.

Days after Recovery of residues (mg kg™)
treatment

Sample extracted with ethyl acetate residues% Sample extracted with acetonitrile

residues%

dose (100 ga.i. | dose (200ga.i. | dose (300 a.i. | dose (100 a.i. | dose (200 a.i. | dose (300 a.i.

ha™) ha™) ha™) ha™) ha™) ha)
0 (1hr) 0.385 0.695 0.874 0.389 0.696 0.874
1 0.254 0.432 0.520 0.258 0.432 0.520
3 0.152 0.272 0.292 0.155 0.275 0.296
5 0.073 0.129 0.156 0.078 0.129 0.156
7 0.061 0.072 0.072 0.067 0.075 0.074
9 0.029 0.034 0.044 0.029 0.036 0.044
11 0.013 0.023 0.034 0.015 0.025 0.035
13 0.008 0.014 0.026 0.008 0.016 0.028
15 BDL 0.007 0.012 BDL 0.009 0.013
17 BDL 0.009 BDL 0.009
19 BDL BDL
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Table: 8 Extraction of cypermethrin residue using different solvent system in okra samples collected from
supervised field sprayed with 100, 200 and 300g a.i./ha.

Days after Recovery of residues (mg kg™)
treatment
Sample extracted with ethyl acetate residues% Sample extracted with acetonitrile
residues%
dose (100 g a.i. dose (200 g a.i. | dose (300 a.i. | dose (100 a.i. | dose (200 a.i. | dose (300
ha™) ha™) ha) ha™) ha) a.i. ha')
0 (1hr) 0.374 0.682 0.862 0.378 0.685 0.862
1 0.242 0.421 0.509 0.244 0.424 0.509
3 0.140 0.261 0.280 0.143 0.269 0.284
5 0.062 0.121 0.144 0.062 0.125 0.146
7 0.051 0.062 0.061 0.054 0.064 0.065
9 0.020 0.025 0.032 0.024 0.025 0.032
11 0.008 0.017 0.025 0.008 0.018 0.025
13 0.004 0.009 0.015 0.004 0.010 0.016
15 BDL 0.002 0.008 BDL 0.002 0.008
17 BDL 0.003 BDL 0.003
19 BDL BDL

Table: 9 Extraction of monocrotophos residue using different solvent system in okra samples collected from
supervised field sprayed with 100, 200 and 300g a.i./ha.

Days after Recovery of residues (mg kg™)
treatment

Sample extracted with ethyl acetate residues% Sample extracted with acetonitrile

residues%

dose (100 g a.i. | dose (200 g a.i. | dose (300 a.i. | dose (100 a.i. | dose (200 a.i. | dose (300 a.i.

ha™) ha) ha) ha) ha) ha™)
0 (1hr) 0.389 0.695 0.898 0.389 0.698 0.898
1 0.254 0.434 0.529 0.256 0.435 0.529
3 0.159 0.271 0.302 0.159 0.270 0.302
5 0.084 0.131 0.152 0.089 0.131 0.156
7 0.049 0.065 0.0.72 0.049 0.066 0.072
9 0.035 0.042 0.054 0.039 0.045 0.056
11 0.019 0.037 0.045 0.019 0.039 0.045
13 0.009 0.018 0.023 0.009 0.018 0.023
15 BDL 0.007 0.012 BDL 0.007 0.012
17 BDL 0.004 BDL 0.004
19 BDL BDL

BDL: Below Detection Limit
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4, CONCLUSION

In this study it was evaluated the suitability of two solvents for GC-MS analysis of multiclass pesticide residues.
MeCN offers advantages in extraction selectivity and compatibility with more diverse analytical techniques
compared to EtAc. To conclude, MeCN is the most suitable solvent for extraction of a wide polarity range of
pesticide residues from produce. After acidification, the stability of problematic pesticides in MeCN is acceptable,
and MeCN can also serve as an adequate medium for the GC injection, therefore solvent exchange is necessarily not
required prior to GC analysis
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