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In this study, a version of the "quick, easy, cheap, effective, rugged, and safe" (QuEChERS) method was modified to use ethyl acetate
(EtOAc) rather than acetonitrjle (MeCN) for extraction in the determination of multiple pesticide residues in fruits and vegetables.
EtOAc is better suited than MeCN for gas chromatographic (GC) analysis with electron capture detection (ECD) and nitrogenphosphorus detection (NPD). The method entailed extraction of 30 g chopped sample plus 5 g NaHCO 3
and 30 g anhydrous Na 2 SO4
with 60 mL EtOAc using a probe blender. After a centrifugation step, removal of residual water and cleanup were performed using
dispersive solid-phase extraction (dispersive-SPE) with MgSO 4 and primary secondary amine (PSA) sorbent.
4
chlorpyrifos
with liquid scintillation counting was used to assist in optimizing and characterizing the method, and GC-ECDC-labeled
and GC-NPD
were
used for analysis of 24 selected pesticides. The method was validated using tomato, apple and frozen green bean matrices spiked at
0.05,
0.5, and 5 mg/kg. For 22 of the analytes, recoveries averaged 93% for all three commodities over the validation range with a relative
standard deviation of 10% (n = 1182). Lower recoveries of dichlorvos were obtained with the method and iprodione determination
was compromised in the green beans by an interfering peak. Typical limits of detection were 0.005-0.01 mg/kg with the method.
Keywords: Multi-residue pesticide analysis; gas chromatography (GC); validation.
Introduction
Analytical methods must be available to determine pesticide
residues in crops, feeds, and food commodities for a variety of purposes, which include regulatory monitoring and
enforcement, import/export certification, risk assessment,
field-application trials, organic food verification, and marketing to consumers. For all of these purposes, the methods should be robust, give accurate results, meet detection
limit needs, and cover the desired scope of matrices and
analytes.['l
The most common methods in current use for pesticide
residue monitoring stem from methods developed in the
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USA; E-mail: steven.lehotay@ars.usda.gov
D isclaimer: Mention of brand or firm name does not constitute
an endorsement by the FAO/IAEA or U.S. Department of Agric ulture above others of a similar nature not mentioned.
Received March 1, 2007.

1960s and 1970s. [2-41 However, due to the increasing cost of
labor, solvents, equipment, and laboratory space, there is an
urgent need for residue chemists to develop and use more
cost-effective procedures. [51 Moreover, many advances have
been made in residue analysis in recent decades, even in the
traditional case of gas chromatography (GC) coupled to
selective detectors.
In light of the modern prevalence of good laboratory
Practices, proficiency testing, and laboratory accreditation,
many monitoring laboratories do not need to follow the
prescribed traditional methods any longer. L6.71 The analytical method used in many applications may be developed
in-house, taken from the literature, or otherwise obtained
from a third party, provided that defined validation criteria
have been met in the laboratory and proficiency testing results are acceptable. Validation is performed to verify that
the method is fit for purpose, which means that the desired
commodities and analytes are evaluated to achieve acceptable recoveries, reproducibilities, and detection limits.
Multi-residue pesticide analysis in fruits and vegetables
typically involves so many possible analyte/matrix pairs
and concentration levels that it is impractical for a method
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to be fully validated for each combination. Thus, represen- which is a common GC selective detector for organophostative pesticides and commodities are typically selected to phorus (OP) and GC-amenable organonitrogen pesticides,
assess the laboratory performance of the method? ] The is not usable with MeCN as the injection solvent unless
chemical and physical properties of common pesticides dif- the instrument is equipped with a solvent bypass valve for
fer considerably, and this diversity causes challenges in the the detector. The MeCN solvent front produces a high redevelopment of a universal analytical method for residues, sponse in the sensitive NPD, and re-equilibration in ionization would only be reached after many hours, depending
which usually needs to have the widest scope possible.91
The "quick, easy, cheap, effective, rugged, and safe" on the condition of the detector's bead.
The main purpose of this study was to modify the
(QuEChERS) method was first published by Anastassiades
QuEChERS
method by using EtOAc for the extraction,
et al. in 2003 for the monitoring of pesticide residues in fruits
thus
permitting
analysis by GC-NPD for common OPs
and vegetables. 01 The method uses acetonitrile (MeCN) for
and
GC
with
electron-capture
detection (ECD) for repextraction followed by the addition of anhydrous MgSO4
resentatives
of
various
types
of
pesticides. This combinaand NaCl to induce partitioning of the MeCN extract from
tion
of
detectors
constitutes
a
popular
instrumental conthe water in the sample. The initial extract is then mixed with
figuration
to
monitor
pesticides
in
laboratories
that are not
primary secondary amine (PSA) sorbent and anhydrous
equipped
with
GC-MS
and
LC-MS/MS.
Also,
we sought
MgSO4 in a simple approach termed dispersive solid-phase to identify critical steps of the procedure by using a radioextraction (dispersive-SPE) cleanup. Dispersive-SPE with
PSA effectively removes many polar matrix components tracer technique, and to validate the method performance in
common in food matrices, such as organic acids and certain the 0.05-5 mg/kg concentration range for a set of 24 GCpolar pigments. However the researchers originally evalu- amenable pesticides in representative fruit and vegetable
ated the method only with GC-mass spectrometry (MS) for commodities.
quantitative and qualitative analysis of GC-amenable pesticides. Follow-up studies demonstrated that the method also Materials and Methods
worked well using flame photometric detection (FPD) and
electrolytic conductivity detection (ELCD) in GC and liq- Apparatus
uid chromatography (LC) with post-column fluorescence
The samples were analyzed with Agilent 5890 and 6890 GCs
derivatization 1111 and liquid chromatography-tandem mass
(Little Falls, DE; USA) both using HP-5 capillary columns
spectroscopy. 1 2-161
Since that time, the QuEChERS method using MeCN for of 30 m, 0.25 min and 0.25 jm film thickness. The
extraction has been successfully validated in several labora- GC-NPD (using the 6890 GC) was equipped with a protories and in interlaboratory trials. The method (with minor grammable temperature vaporization (PTV) injector, which
modification differences) has become an Official Method of was used in the splitless mode. Helium was used as carrier
gas as at a constant flow rate of 2 mL/min. The NPD temAOAC International and the European Standard Organizaperature was 300°C and gas flows consisted of 3 mL/min
tion (CEN). 115161 However, as previously stated, prescribed
methods are not required in many cases, and the QuECh- for H 2 , 60 mL/min for air and 34 mL/min of make-up gas.
For the GC-ECD system, on-column injection was made
ERS approach is flexible and easily adaptable.
In the original paper, 1101 four different extraction solvent at 73°C, the He flow rate was 2 mL/min and the ECD temcombinations were evaluated, all of which were known to perature was 300°C and gas flows of 42 mL/min of He with
achieve high recoveries for a wide range of pesticides. Both constant pressure of 46 psi. Injection volume was 1 jL in
MeCN and ethyl acetate (EtOAc) showed a similar degree both cases, and the oven-temperature programs were the
of matrix co-extractrives in fruits and vegetables, but MeCN same: 70°C for 1 mm, ramped to 160°C at 20°C/mm, folwas chosen in the final method because EtOAc presented lowed by a 4 0 C/mm ramp to 270°C and held for 5 mm.
Other equipment used in the study included a Stephan
problems with fatty matrices, was not amenable in reversedUM
5 universal chopper to comminute fruit and vegetable
phase LC, and gave lower recoveries for certain pHsamples;
an UltraTurrax with T25 head to homogenize
dependent analytes. Also, EtOAc is a stronger partitioning
samples
during
extraction; a Beckman LS 6000 TA liquid
solvent in dispersive-SPE than MeCN, thus it gave slightly
scintillation
counter
(LSC) to measure radioactivity in the
dirtier extracts than MeCN after cleanup. However in the
samples
fortified
with
radiolabeled chlorpyrifos; a Sigma 4
case of GC analysis, EtOAc is a better solvent than MeCN
K15
centrifuge
to
centrifuge
the 250 mL extraction bottles
in that it is less polar, provides a smaller liquid-to-gas exand
20
mL
conical
glass
tubes;
a Labinco L46 vortexer to
pansion volume, and greater stability to certain pesticides
shake
the
dispersive-SPE
tubes;
Sartorius CP 225D ana[17] Other recent papers also have com(e.g. chlorothalonil).
lytical
and
top-loading
balances
to
weigh standards, salts
pared the use of different solvents, including EtOAc and/or
and
samples;
and
a
Zymark
Turbo
Vap
LV to concentrate
MeCN in pesticide residue analysis, essentially showing adextracts
when
necessary.
vantages and disadvantages in each instance.t18191
For extraction, 250 mL high-density polyethylene cenOne critical advantage in the use of EtOAc instead of
trifuge
bottles (Merck 525 H 2361) were employed, and
MeCN is that the nitrogen-phosphorus detector (NPD),
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20 mL glass conical Zymark tubes were used for dispersiveSPE cleanup. For LSC, 20 mL polyethylene vials were
utilized.
Chemicals

The 24 pesticide reference standards consisted of azinphosmethyl, chlorfenvinfos, diazinon, dichlorvos, dimethoate,
coumaphos, cyfiuthrin, a-endosulfan, EPTC, fenarimol, fenitrothion, fenpropathrin, fenvalerate, folpet,
heptenophos, iprodione, lindane, methidathion, mevinphos, pirimicarb, propachlor, propiconazole, triazophos,
and vinclozolin, which were all near-100% purity and
were obtained from Dr. Ehrenstorfer GmbH (Augsburg,
Germany). Full LUPAC names for these pesticides are given
in Table 5. Stock solutions of I mg/mL were prepared in
85:15 (v:v) acetone: isooctane, and working solutions containing the 24 pesticides at 5, 50, and 500 ng/.iL for the 3
fortification levels were prepared in EtOAc. A mixture of
cold chlorpyrifos (Dr. Ehrenstorfer) and 14C-chlorpyrifos
(Dow Chemicals, USA) to make a total chlorpyrifos concentration of 150 ng/L was prepared in EtOAc. 14 Cchlorpyrifos recoveries were measured by LSC. The spike
contained 120,000 dpm activity of 14 C-chlorpyrifos yielding 2,000 dpm/mL activity in the 60 mL EtOAc extract.
As a quality control (QC) check of the performance of the
GCs, a 15 ng/JLL bromophos-methyl solution (QC-std) was
also prepared in EtOAc and added to all final extracts prior
to injection.
All organic solvents used in the study were pesticide
or HPLC grade. High purity anhydrous Na 2 SO 4 and
NaHCO3 were obtained from Merck, and anhydrous
MgSO4 (> 98% purity) was from Fluka. The MgSO4 was
baked at 500°C for 5 h in a furnace to remove phthalates.
Primary secondary amine sorbent of 40 j.m particle size
was obtained from Varian (Harbor City, CA; USA). Perkin
Elmer Ultima gold liquid scintillator solution was used for
the radioassay in LSC.
Blank samples of tomatoes, apples, and frozen green
beans were purchased from a local store. These were used
in fortification experiments and to prepare matrix blanks
for matrix-matched calibration standards.

Fruit and vegetable samples of 1-2 kg were comminuted
using the Stephan chopper and homogenous samples were
stored in plastic bags in a deep-freezer, or sub-samples were
taken immediately for extraction. A number of 100 and
40 mL vials containing 30 ± 0.1 g anhydrous Na 2 SO 4 and
5 ± 0.1 g NaHCO3 were prepared separately in advance
and were stored capped at room temperature until needed in
experiments. For dispersive-SPE, 0.25 ± 0.01 g PSA sorbent
and 1.5 ± 0.1 g anhydrous MgSO4 were weighed and mixed
into 20 mL conical glass centrifuge tubes and stored capped
at room temperature until needed.
Extraction and cleanup

In validation experiments, tomatoes, apples and frozen
green beans were used as representative matrices. Each commodity was spiked with the appropriate 24-pesticide solution at 0.05, 0.5 and 5 mg/kg; 6 replicates at each level (i.e.
3 matrices at 3 levels/matrix and 6 replicates/ level = 54
spiked samples). For each batch of samples, a matrix blank
and reagent blank (27 mL of deionized water) were also
analyzed.
Aliquots (30 ± 0.1 g) of previously comminuted sample were weighed into each centrifuge bottle. The samples were fortified with the appropriate pesticide solution
(300 tL) to yield 5, 0.50, or 0.05 mg/kg concentration,
and 14 C-chlorpyrifos (100 L of 150 ng/iiL, equivalent to
0.5 mg/kg in matrix) was added. The fortified samples were
allowed to stand for 20 min for the pesticides to interact with
the matrix and some of the solvent to evaporate. NaHCO3
(5 g) and anhydrous Na 2 SO4 (30 g) were mixed with the
samples. EtOAc (60 mL) was added, and immediately, each
sample was extracted with the probe blender for 1 mm. The
tubes were centrifuged (3 mm, 2,500 rpm). Three portions
of I mL were transferred from each extract supernatant
to scintillation vials for radio-assay. Scintillation cocktail
(12 mL) was added and the activity measured on a LSC to
determine the efficiency and repeatability of the extraction
step. Further aliquots (10 mL) of the EtOAc extract were
Table 1. ' 4 C-Chlorpyrifos recoveries (Q) and precision (RSD) as
determined by liquid scintillation counting in the different matrices at each step in the method and overall.

Extraction"

Preliminary steps

Quantification was performed using external calibration
Using matrix-matched standards, which entailed preparing blank extracts for use as the solvent in calibration
s olutions. [201 The standard solutions were prepared at 2,
12.5, 25, 50, 100 and 125 pg/jiL concentrations for ECD
and 125, 250, 500, 1000, 1250 and 2500 pg/JLL for NPD.
The equivalent pesticide concentrations in the samples can
be calculated from the 0.25 mg/jiL and 2.5 mg/It L sample
equivalen t concentrations for ECD and NPD, respectively.
All injected solutions also contained bromophos-methyl as
the QC-std at 150 pg/iL.
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Matrix
Tomato
Apple
Frozen
green bean

Clean up'

Overair

Q RSD Q RSD Q RSD
(%)
()
(%)
()
()
()
89
94
87

3.1
2.2
2.7

100
101
100

1.2
1.8
2.3

89
95
87

2.9
2.8
2.8

"Triplicate aliquots and measurements of 18 samples.
h Duplicate aliquots and measurements of 18 samples; recovery for
cleanup step only.
h Combination of triplicate extraction and duplicate cleanup measurements for 18 samples.
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transferred to the dispersive-SPE cleanup tubes and vortexed (45 s). The tubes were centrifuged (1 mm, 1,900 rpm)
and 2 portions of 1 mL were taken from each extract supernatant for radio-assay, as described above, to determine
the efficiency and repeatability of the clean-up step. The remaining extracts in the dispersive-SPE tubes were taken for
GC analysis.
GC analysis

For GC/ECD, 500 1iL aliquots from the low-spike
(0.05 mg/kg) and mid-spike (0.5 mg/kg) extracts were

taken and diluted with 500 jL EtOAc in the GC vials;
and 50 tL aliquots from the high-spike (5 mg/kg) extracts were diluted with 950 jiL of EtOAc in the GC vials.
For GC/NPD, the low-spike extracts were concentrated
5-fold using the Turbovap, while the mid- and high-spike
extracts were injected directly. The QC-std (10 jiL) containing 15 ng/JLL bromophos-methyl was added to all extracts
prior to GC injection. We checked bromophos-methyl response in each chromatogram to ensure that the injection
process had no problems. For quantitation, we used only
external standard calculation. We used '4C-chlorpyrifos-to
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Fig. I. Representative GC-NPD and GC-ECD chromatograms of pesticides for a) blank apple matrix; b) matrix-matched standards
at 250 pg/,iL (0.5 mg/kg) in NPD and 12.5 pg/iL (0.05 mg/kg) in ECD; c) apple fortified at 0.5 mg/kg in NPD and 0.05 mg/kg in
ECD. Chromatograms for tomato and green bean (not shown) were similar. See Table 5 for names of the labeled peaks.
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check potential losses after each step of the procedure and
separately measured its quantity in the extracts using only
LSC.
Results and Discussion
Sample size and extraction

The first step in the laboratory when conducting an analysis is to comminute and homogenize the sample collected in
the field so that a reasonable and representative sub-sample
140
120

A) Tomato

can be extracted. To minimize wasted time, effort, cost, and
reagents in the analytical method, the smallest sub-sample
possible should be taken that achieves accurate results for
the original sample. For this study, a 30 g comminuted subsample of a 1-2 kg original sample was chosen for analysis. This decision was based on results using the same
chopper in the same laboratory, which demonstrated that a
30 g sub-sample gave representative results within generally
8% relative error of the mean concentration of the original sample. [21,221 The subsampling constant (K s) showed
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Fig. 2. Individual pesticide recoveries at different levels in each matrix (n = 6 at each level).
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Table 2. Overview of method validation characteristics for the different matrices (n = 132)
Precision

Accuracy
Matrix

Average
Spiking level (mg/kg) recovery (%)

0.05
Tomato
0.5
Apple
Frozen Green Bean

Codex acceptable Repeatabilit y of recoveries
range
RSD ( RSD)
70-120
70-110
70-110
70-120
70-110
70-110
70-120
70-110
70-110

91
94
97
95
95
98
88
86
90

5

0.05
0.5
5
0.05
0.5
5

that a 10 g sub-sample also would achieve representative
results with higher relative uncertainty, but this depends on
the matrix and care exercised during comminution J5.21.221
We felt that a 30 g sample would ensure that a representative
sample would be analyzed independent of these factors.
Efficiency of extraction by shaking also requires that
the sample be finely chopped to increase accessibility of the
solvent to the pesticides within the sample. Again, to remove
this issue as a factor, we decided to aid extraction by using
a probe blender to guarantee that the solvent would reach
any pesticides encased in the sample.
One of the difficulties in analyzing fruits and vegetables for pesticide residues is that the many different types
of samples have different pH, which can affect recoveries of pH-susceptible pesticides and their stability in the
extracts. 1101315 ' Adjustment of the pH of the different food
samples through buffering or other means serves to avoid
this problem, especially for pesticides such as chlorothalonil
and captan. 1171 Thus, 5 g NaHCO 3 was added during the
method for the 30 g sample to give a consistent pH during
extraction independent of the original sample pH.
For extraction, EtOAc has an advantage of partial immiscibility with water, which makes the addition of other nonpolar solvents to separate water from the extract unnecessary. To increase recoveries of polar compounds, sodium
sulfate (NaSO 4 ) is usually added in multi-residue method

Codex
acceptable range
20
15
10
20
15
10
20
15
10

10
7
8
II
5
4
13
9
10

procedures. 1t8 ' 23 ' 24 ' Morever, EtOAc can form an emulsion
with water in the sample unless a drying agent is added to
minimize the amount of free water to interact with the solvent. The drying agent also serves as a dispersant to increase
surface area for sample exposure to the solvent. In this
study, the decision was made to mix the sample I: I (w:w)
with anhydrous Na 2 SO 4 and use a 2:1 (v:w) EtOAc:sample
ratio because this had been evaluated previously to achieve
high recoveries. 1t8 ' 21221 Subsequently, it has been demonstrated that shaking of a 10-IS g finely chopped sample
using a 1:1 (w:v) sample:solvent ratio (with MeCN and
MgSO 4 ) achieved equal results as blending for a variety of
fortified and incurred pesticides over a wide concentration
range in many different matrices.t1061
Recovery ()f 14 C-chlorpyr,fos

When possible, the use of isotopic tracers is an exceptional
approach to follow the pathway of a substance through a
chemical, physical, or biological system. The unique advantage of radioisotopes is that their behavior in a system
is usually identical with that of their stable counterpart,
and they can be identified easily with very high sensitivity
by their characteristic radiation, even in unclean extracts.
[25-28] We took advantage of the IAEA laboratory capability to use radioactive tracers and measured the recovery of

Table 3. Overview of method validation characteristics of the method at different levels independent of the matrix. Analysis uncertainty
is expressed as CV A (n = 396)
Precision

Accuracy
Spiking level
0.05 mg/kg
0.5 mg/kg
5 mg/kg

Overall

Average
recover y ()

Codex
acceptable range

Reproducihilitt of
recoveries CV.,(/)*

Codex
acceptable ranges

92
92
95
93

70-120
70-110
70-110

12
8

32
23
16

*coefficien t of variation for the analysis (excluding contribution from sample heterogeneity).

8
10

Met hod for analysis of pesticide residues in fruits and vegetables
the 14C-chlorpyrifos after the two main steps in the method
(extraction and dispersive-SPE). As described in Materials
and Methods, 14C-chlorpyrifos was applied at a consistent
concentration to all samples. Table I shows the recoveries of
14 C-chlorpyrifos during the extraction and dispersive-SPE
clean-up steps, which gave overall results of 89, 95 and 87¼
in tomato, apple and green bean, respectively, with very
good precision of 1-3% relative standard deviation (RSD).
The dispersive-SPE step had no losses of the chlorpyrifos in
any of the matrices. Also, there is no reason that tomato, apple, or green bean would cause real differences in the overall
method or LSC measurements, thus it is safe to conclude
that the chlorpyrifos recovery averaged 90% among the different matrices.
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Table 4. Calculated LOD of the 22 pesticides yielding acceptable recoveries in all matrices as determined from the weighted
regression calibrations of the analytes
LOD (mg/kg)
Detector

NPD

Pesticide

EPTC
Mevinphos
Heptenophos
Folpet
Dimethoate

Recoveries offortified pesticides
Figure 1 presents the GC-ECD and GC-NPD chromatograms of the analyses for calibration standards of the
stated concentrations in matrix and matrix blanks for apple. The individual peaks, with their retention times, are
identified in Table 5. Chromatograms for tomato and green
bean (not shown) were similar. As shown in the apple chromatograms, peak shapes for the pesticides were good and
the matrices were quite clean. Only green bean gave an interference for iprodione, and otherwise, all analytes could be
integrated in all matrices at concentrations <0.05 mg/kg.
The consistency of the QC-std, 0.5 mg/kg equivalent of
bromophos-methyl, in the injection sequences ranged from
6% to 18% RSD among the replicates for ECD and NPD
and different matrices.
Many of the pesticides contained nitrogen, phosphorus,
and chlorine, thus both ECD and NPD could be used
for their analysis. In the final results, we used ECD for
propachlor, lindane, vinclozolin, a-endosulfan, propiconazole, cyfiuthrin, and fenvalerate and NPD for all of the other
analytes.
Individual pesticide recoveries of the replicates for the
different levels and matrices were calculated using weighted
linear regression templates. To check for suspected outliers,
the Dixon Test was performed and any data rejected as
outliers were excluded from calculations. In all, only six
outliers were removed from the data set of 1,200 results.
Figure 2 shows the recoveries for all spiked pesticides
at each level in each matrix. As shown in Figure 2A, all
pesticide recoveries fell within the 70-110% recovery range
at all spiking levels in tomato, with nearly all recoveries at
100%. In the case of apple (Fig. 213), most recoveries again
were 100%, but dichlorvos at the 0.05 and 0.5 mg/kg
concentrations dipped just below 70% average recovery.
The recoveries for dichlorvos were even lower in the frozen
green bean at all fortification levels, and iprodione at 0.5
and 5 mg/kg levels gave average recovery just below 70%
(Fig. 2C). The aforementioned interferant affected the integration of iprodione in the green bean chromatograms,

Diazinon
Pirimicarb
Fenitrothion
Chlorfenvinphos
Methidathion
Triazophos
Fenpropathrin
Azinphos-methyl
Fenarimol
Coumaphos
ECD

Fenvalerate
Cyfluthrin
Propiconazole
a -Endosulfan

Vinclozolin
Lindane
Propachlor

Spike Level
Green
(mg/kg) Tomato Apple Bean
0.05

0.5-5
0.05
0.5-5
0.05

0.5-5
0.05

0.5-5
0.05
0.5-5
0.05
0.5-5
0.05

0.5-5
0.05
0.5-5
0.05
0.5-5
0.05

0.5-5
0.05
0.5-5
0.05
0.5-5
0.05

0.5-5
0.05

0.5-5
0.05
0.5-5
0.05

0.5-5
0.05
0.5-5
0.05
0.5-5
0.05
0.5-5
0.05
0.5-5
0.05
0.5-5

0.05
0.5-5

0.020 0.006 0.015
0.010 0.016 0.012
0.020 0.015 0.010
0.010 0.012 0.018
0.018 0.013 0.011
0.013 0.013 0.003
0.013 0.009 0.004
0.008 0.008 0.007
0.022 0.020 0.015
0.010 0.005 0.004
0.015 0.014 0.012
0.010 0.003 0.004
0.014 0.010 0.006
0.006 0.011 0.005
0.017 0.018 0.015
0.008 0.004 0.002
0.011 0.015 0.013
0.008 0.004 0.007
0.014 0.022 0.012
0.009 0.003 0.006
0.014 0.015 0.011
0.008 0.005 0.006
0.024 0.016 0.009
0.004 0.012 0.008
0.023 0.018 0.014
0.009 0.014 0.023
0.024 0.017 0.002
0.005 0.011 0.007
0.017 0.010 0.008
0.006 0.014 0.010
0.001 0.001 0.003
0.001 0.001 0.016
0.016 0.014 0.003
0.016 0.014 0.028
0.004 0.002 0.005
0.004 0.002 0.020
0.003 0.002 0.001
0.003 0.002 0.028
0.002 0.004 0.002
0.002 0.004 0.020
0.003 0.003 0.001
0.003 0.003 0.032
0.003 0.002 0.003
0.003 0.002 0.032

LOD: limit of detection.

which is the most likely explanation for this lower result.
In the case of dichlorvos, the low recovery may have been
connected with the use of the evaporation step prior to GCNPD analysis, since dichlorvos is the most volatile pesticide
analyzed and is susceptible to volatilization losses during
solvent evaporation. Dichlorvos recoveries were also lower
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Table 5. Identification and retention times (tR) of peaks in the chromatograms presented in Figure 1
Peak #

tmin
5.59

Pesticide

IUPAC Name

Dichiorvos
EPTC
Mevinphos
Heptenophos
Folpet
Dimethoate
Diazinon
Pirimicarb
Fenitrothion
Chlorpyrifos

2,2-dichiorovinyl dimethyl phosphate
S-ethyl dipropyithiocarbamate
2-methoxycarbonyl- 1 -methylvinyl dimethyl phosphate
7-chlorobicyclo[3 .2.0]hepta-2,6-dien-6-yl dimethyl phosphate
N-(trichloromethylthio)phthalimide
0, 0-dimethyl 5-methylcarbamoylmethyl phosphorodithioate
0, 0-diethyl 0-2-isopropyl-6-methylpyrimidin-4-yl phosphorothioate
2-dimethylamino-5,6-dimethylpyrimidin-4-yl dimethylcarbamate
0, 0-dimethyl 0-4-nitro-m-tolyl phosphorothioate
0, 0-diethyl 0— 3,5,6-trichloro-2-pyridyl phosphorothioate

Bromophos-methyl

0-4-bromo-2,5-dichlorophenyl 0, O-dimethyl phosphorothioate

Chlorfenvinphos
Methidathion

2-chloro- 1 -(2,4-dichlorophenyl)vinyl diethyl phosphate
S-2,3-dihydro-5-methoxy-2-oxo- 1,3,4-thiadiazol-3-ylmethyl 0, 0-dimethyl
phosphorodithioate
0, 0-diethyl 0-1 -phenyl- I H-I ,2,4-triazol-3-yl phosphorothioate
3-(3,5-dichlorophenyl)-N-isopropyl-2,4-dioxoimidazolidine- 1 -carboxamide
(RS-c-cyano-3-phenoxybenzy1 2,2,3,3-tetramethylcyclopropane carboxylate
S-(3,4-dihydro-4-oxobenzo[(fl-[1,2,3]-triazi-3-ylmethyl) 0, 0-dimethyl
phosphorodithioate
(±)-2,4'-dichloro--(pyrimidin-5-yl)benzhydryl alcohol
0-3-chloro-4-methyl-2-oxo-2H-chromen-7-yl 0, 0-diethylphosphorothioate
2-chloro-N-isopropylacetanilide
1 ,2,3,4,5,6-hexachlorocyclohexane
(R5')-3-(3,5-dichlorophenyl)-5-methyl-5-vinyl 1 ,3-oxazolidine-2,4-dione
(1 ,4,5,6,7,7-hexachloro-8,9, 10-trinorborn-5-en2,3-ylene bismethylene)sulfite
(±)- I -[2-(2,4-dichlorophenyl)-4-propyl- 1 ,3-dioxoIan-2-ylmethyl- I H- 1,2,4triazole
(RS)-c-cyano-4-fluoro-3-phenoxybenzy1 (IRS, 3RS; 1 RS,3SR)-3-=(2,2dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate
(RS)-c-cyano-3-phenoxybenzy1 (R5)-2-)4-chlorophenyl)-3-methylbutyrate

10
11

6.45
7.10
8.80
9.28
11.00
12.24
13.13
14.88
15.7 1-npd
I 2.66-ecd
16.34-npd
I 3.41-ecd
17.36
17.93

12
13
14
15

21.97
24.52
25.36
26.25

Triazophos
Iprodione
Fenpropathrin
Azinphos methyl

16
17
18
19
20
21
22

27.40
8.14
9.93
12.23
14.43
22.40

Fenarimol
Coumaphos
Propachior
Lindane
Vinclozolin
a-Endosulfan
Propiconazole

23

25.23

Cyfluthrin

24

30.58

Fenvalerate

7

3
4
5
6
7
8
9
'4c-chl.
QCstd

29.45

than those of most of the other analytes in the tomato and
apple. However, recoveries of most of the compounds were
lower in green beans than in the other matrices, so it is probable that the extraction conditions were more optimal for
the tomato and apple matrices than for green beans, and a
combination of these factors resulted in the observed low
recovery for dichlorvos in green beans.
Otherwise, the differences between recoveries for the 22
other analytes in all matrices and levels were not found to
be statistically significant. This can be observed from the
averaged results in Tables 2 and 3 for those 22 pesticides
from the combined results for each matrix and/or level.
For all 22 pesticides, three matrices, and three levels, overall
recovery of the method was 93% with RSD of 10% (n =
1,182). As would be expected, this matches the recovery
determined for 14C-chlorpyrifos by the LSC method.
Limit of detection (LOD)
LOD is another important parameter to be determined in
method validation experiments. One simple way to estimate

LOD is use of the calibration curves in matrix. The standard
deviations of relative y (response) residuals (Srr), which is
a decisive parameter in internal quality control, should be
<0.1 126 291 This was the case for all analytes in the study.
LOD values for analytes at different fortification levels are
summarized in Table 4. Typical LOD were 0.01 mg/kg using GC-NPD and 0.005 mg/kg using GC-ECD. All LOD
were <0.05 mg/kg.

Conclusions
The IAEA-modified QuEChERS method using EtOAc
for extraction and GC-NPD and GC-ECD for multiresidue analysis was successfully validated for 22 of the
24 pesticides in all three matrices and all three spiking
levels. Only dichlorvos in green beans gave unacceptable
recoveries, even though acceptable results were obtained
in apple and tomato matrices. Iprodione also gave intermittent difficulties in the green beans due to an interferant. LODs were <0.05 mg/kg, and were typically

Method for analysis ofpesticide residues in fruits and vegetables
0.005-0.01 mg/kg for the pesticides in the different
matrices.
This method could be very useful for the analysis of pesticide residues in non-fatty foods, especially in laboratories in
developing countries which are not equipped with expensive MS instrumentation. There is also a cost advantage
in the use of EtOAc rather than MeCN as the extractant
because EtOAc is typically 30-50% cheaper than MeCN,
which may be an important factor especially in developing
countries. The method can also be used for any other GC
selective detector and for GC-MS, making it applicable for
many purposes in a wide array of laboratories.
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