
Method Validation for Qualitative and Quantitative Analysis 
of Pesticide Residues in Tomato with GC-MS/MS (TQD) for 
Food Safety Testing
Sreenivasa Rao Cherukuri*, Shashi Bhushan V, Harinatha Reddy A, 
Ravindranath D, Aruna M, Swarupa Rani S, Ramesh B and Hymavathy M

All India Network Project on Pesticide Residues, PJTS Agricultural University, Rajendranagar, Hyderabad-500030, Telangana State, 
India

*Corresponding author: cherukurisrao@yahoo.com

Paper No. 337	 Received: 24 June 2014	 Accepted: 21 May 2015	 Published: 29 June 2015

Abstract

Pesticide residues analysis in fruits and fresh vegetables is a challenge for food safety as the gap between 
pesticide sprays and harvests is very less in vegetables. A multi residue method was developed for 
qualitative and quantitative analysis of 64 pesticides (insecticides, fungicides and herbicides) using 
QuEChERS extraction method and GC-MS/MS (Triple Quadrupole) for analysis. Eight different 
concentrations of certified reference materials from 0.05 ppm to 0.30 ppm were injected in GC-MS/MS 
with MRM method, in six replications, and R2 ranged from 0.990-0.999 with RSD of 0.55 to 11.24. The 
sample preparation approach is through adoption of QuEChERS method, untreated control tomato 
samples were fortified with mixture of pesticides at 0.05, 0.25, 0.5 mg/kg, each is five replications, and 
the recovery of pesticides is in the range of 80-95%, and hence method can be used for qualitative and 
quantitative analysis of 64 pesticides in/on tomato for monitoring studies.

Highlights

•	 The sample preparation and analytical method validated in this study for multiple pesticide residues 
analysis in Tomato is useful for qualitative and quantitative analysis of residues at 0.05 ppm level 
for 64 pesticides

Keywords: Method validation, pesticide residues, tomato, GC-MS/MS (TQD)

Vegetables are the important ingredient of the human 
diet for the maintenance of the health and prevention 
of diseases. Tomato (Lycopersicon esculentum Mill.) is 
widely consumed vegetable in India usually in the 
form of curry, and also in raw form as salad, home-
cooked, or processed as juice, paste, or sauce. As per 
the National Sample survey conducted during 2011-
2012 in India, per capita consumption of tomato 
in rural and urban area is 586 and 806 grams per 

month, respectively (Anonymous, 2014), and the 
total Indian meal constitutes about 150-250 g of 
vegetables per day (Mukherjee and Gopal, 2003). A 
wide range of pesticides are used for crop protection 
against pest infection during the cultivation of 
vegetables (Agnihotri 1999; Kalra, 2003), and the 
literature reveals that vegetables contain the residues 
of pesticides above their respective maximum 
residue limit (Taneja, 2005; Ashutosh K Srivatsava
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Figure 1. Chromatogram of 64 pesticides on GC-MS/MS 
(TQD) in MRM method

Figure 2. Linearity of organochlorines pesticides on GC-MS/
MS (TQD) in MRM method

Figure 3. Linearity of organophosphate pesticides on GC-MS/
MS (TQD) in MRM method

Figure 4. Linearity of synthetic pyrethroid pesticides on GC-
MS/MS (TQD) in MRM method

Figure 5. Linearity of other pesticides on GC-MS/MS (TQD) 
in MRM method
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with 1% phenyl-methyl polysiloxane) maintained 
the column temperatures starting from 50°C to 
290°C with four ramps with a total program of 50 
minutes. Mass spectra detector (Triple Quadrupole) 
with mass range 50 to 400 was operated at 250°C of 
transfer line, 220°C of source, and 40°C of manifold 
temperatures. Limit of detection (LOD), LOQ (Limit 
of Quantification) and%RSD (Relative standard 
deviation) values were calculated for each pesticide 
under the standard conditions.

Field samples and extraction methods

Tomatoes (untreated) were collected from the 
supervised fields of Student farm, College of 
Agriculture. QuEChERS (Quick Easy Cheap Effective 
Rugged Safe) method for extraction and clean up 
was validated as per SANCO/12571/2013 guidelines. 
Tomato fruits (5 kg) collected from control plots 
were homogenized with Robot Coupe Blixer, from 
which 15 g was taken in to 50 mL centrifuge tubes. 
The required quantities of 64 pesticides intermediary 
standards are added to each 15 g sample to get 
fortification levels of 0.05 mg kg-1, 0.25 mg kg-1, and 
0.5 mg kg-1, in three replications each. Acetonitrile 
(30 ± 0.1 mL) was added to tube, homogenized for 
1-3 min using Heidolph silent crusher (low volume 
homogenizer). Then 3±0.1 g sodium chloride was 
added to tube and mixed by shaking gently, and 
centrifuged for 3 min at 2500-3000 xg with Remi R-238 
to separate the organic layer. The top organic layer 
of about 16 mL was taken into the 50 mL centrifuge 
tube to which 9 ± 0.1 g anhydrous sodium sulphate 
was added to remove the moisture content. Extract 
(9 mL) was taken in to 15 mL tube containing 0.4 ± 
0.1 g PSA sorbent (for dispersive solid phase d-SPE 
cleanup) and 1.2 ± 0.01 g anhydrous magnesium 
sulphate, and the sample tube was vortexed for 30 
sec followed by centrifugation for 5 min at 2500-3000 
xg. The extract of (2 mL) was transferred into test 
tubes and evaporated to dryness using concentration 
work station (Turbovap LV of Capiler life sciences) 
with nitrogen gas and reconstituted with 1mL 
n-Hexane:Acetone (9:1) for analysis. The mean 
recovery of the residues was calculated to judge the 

et al. 2011) may pose health hazards to consumers 
(Elliion et al. 2000; Mukherjee and Gopal, 2003). The 
determination of pesticide residues in vegetables and 
fruits is of great concern for all countries to study the 
risk analysis and take up food safety measures for 
both export and domestic trade purposes. The aim 
of this work is to develop procedures for the analysis 
of multi class pesticides and its metabolites through 
best extraction methods, and by gas chromatography 
mass spectroscopy. The studies focus on sample 
preparation, sample extraction following QuEChERS 
method and instrumental analysis using MRM 
methods in GC-MS/MS.

Materials and Methods

Chemicals and Reagents

Solvents like n-hexane, acetone, toluene and 
acetonitrile (HPLC grade) were purchased from M/S 
Merck India. Anhydrous sodium sulfate (Na2SO4) 
and anhydrous magnesium sulfate (MgSO4) were 
purified with acetone and baked for 4 h at 600°C 
in muffle Furnace to remove possible phthalate 
impurities. Primary secondary amine (PSA) bondasil 
40 µm was purchased from M/S Agilent. Certified 
Reference Materials (CRMs) of high purity (≥98%) 
were procured from M/S Sigma Aldrich, USA.

Calibration standards and Linearity studies

Primary (500-1000 ppm) and intermediary standards 
(50 ppm) of pesticides (Table 1) were prepared in 
calibrated volumetric flasks from the CRMs using 
GC PR grade acetone and hexane solvents. Six 
calibration pesticide solutions (working standards) 
were prepared in the range of 0.01 ppm to 0.5 ppm in 
calibrated graduated volumetric flasks using distilled 
n-hexane as solvent. Each concentration level was 
injected (1 µL) six times in Bruker Scion 436 GC-MS/
MS Triple Quadrupole Detector (EI) using Multiple 
Reaction Monitoring (MRM) method (Table 1). 
Standards were injected in split mode (1: 10) at 260°C 
injector temp at column flow of 1 ml/min (Helium 
99.99% purity) using Zebron MR 2 capillary column 
(30 mm length, 0.25 mm ID, 0.20 µm film coated 
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efficiency of the method for qualitative and analysis 
of selected pesticides in/on tomato for national 
monitoring studies.

Results and Discussion

The standard chromatogram with 64 pesticides at 
500 ppb on GC-MS/MS was presented in Figure 1 
and the data on retention time (RT), MRM papmeters 
was presented in Table 1. Eight point linearity curve 
was drawn by injecting mixture of various pesticides 
(Figure 2,3,4,5) and data on regression values 
including% RSD from linearity for each pesticide 
was given in Table 2. It is seen that the R2 value 
(Coefficient of Determination: a measure of goodness 
of fit of linear regression) ranged from 0.990-0.999 
and percentage of Relative Standard Deviation is in 
between 0.55-8.11 explains that the instrument has 
wide linearity for quantitation purposes. Limit of 
detection of organo chlorine pesticides is in the range 
of 0.001 to 0.005 mg/kg, with recovery of 79.91% to 
92.00% at 0.05 mg/kg, 81.24 to 94.62% at 0.25 mg/kg 
and 79.86 to 94.62% at 0.5 mg/kg levels (Table 3). Limit 
of detection for organo phosphate are in the range of 
0.001 to 0.005 mg/kg and recovery is in the range of 
79.96 to 90.66% at 0.05 mg/kg, 79.02 to 91.88% at 0.25 
mg/kg and 80.99 to 93.82% at 0.5 mg/kg fortification 
levels. The percent recovery of synthetic pyrethroid 
pesticides is in the range of 81.02 to 91.02% at 0.05 
mg/kg, 80.86 to 92.08% at 0.25 mg/kg and 81.89 to 
93.62% at 0.5 mg/kg fortification level. The recovery 
of other pesticides such at herbicides and fungicides 
is in the range of 88.81 to 91.69% at 0.05 mg/kg 
81.42 to 92.12% at 0.25 mg/kg and 82.64 to 93.14% 
at 0.5 mg/kg fortification levels. The extraction and 
cleanup methodology followed proved to be rapid 
and highly effective for extraction of 64 pesticides 
from tomato with a recovery of various pesticides 
in the range of 80-120% and the method used for 
estimation of pesticides using MRMs method in 
GC-MS/MS (TQD) is highly useful for identification 
of pesticides at very low levels, as the coefficient of 
determination is very high in the linear range of 0.01 
ppm to 0.50 ppm, which is very useful for monitoring 
studies are the MRLs (Maximum Residue Limits) for 
the targeted pesticides are > 0.01 mg/kg in tomato. 

The method developed by Anastassiades M et al. 
(2003) for fast and easy extraction procedures for 
analysis of multiple pesticides in foods has been 
followed wordwide in various matrices, and during 
the present investigation, it was known that the 
method is good for tomato matrix also as there were 
no matrix interferences. Sample preparation is an 
important step for better extraction and cleanup 
for MS analysis and in the present investigation the 
method described by Lehotey SJ (2011) was followed 
with some modifications, and based on the results 
obtained the present study, it can be recommended to 
be used in the national residue monitoring programs 
as the method is validated as per the internationally 
followed “Guidance document on analytical quality 
control and validation procedures for pesticide 
residues analysis in food and feed” of Health and 
Consumer Protection Directorate General, European 
Commission (SANCO/12571/2013 (2013).
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