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A simple, rapid and sensitive multiresidue method has been developed for the determination of ten
organophosphorus and organochlorine pesticides, commonly used in crop protection. The analysis uses a
miniaturised extraction with ethyl acetate followed by large volume injection (10 mL) GC-EI-MS analysis in SIM
(selective ion monitoring) mode. Sensitivity and selectivity of the method were acceptable with limits of detection
(LODs) lower than 0.01 mg kg21, except for endosulfan a and b (0.05 mg kg21). Average recoveries of between
63–99% were obtained and good linearity was observed in the range from 0.01 to 1.00 mg kg21. Repeatability and
reproducibility studies yielded relative standard deviations lower than 20% in all the cases. The method was
applied to the analysis of 110 tomato, pepper and cucumber samples, as part of the monitoring programme of the
Association of Producers and Exporters of Fruits and Vegetables of Almería.

Introduction

The monitoring of pesticide residues in food is nowadays a
priority objective in pesticide research in order to get an
extensive evaluation of food quality and to avoid possible risks
to human health. A large number of multiresidue extraction
methods (MRMs) has been developed in the last 20 years.1 The
most frequently used methods employ solvent extraction with
acetone2,3 or ethyl acetate4–8 and gas chromatography (GC)
with selective detection. In recent years, GC-MS has become a
useful tool in pesticide residue detection9–11 because it offers
simultaneous confirmation and quantitation of a large number
of pesticides, avoiding successive analyses with different
selective detectors. Nevertheless, the continous decrease in the
maximum residue limits (MRLs) imposed by the European
Union, makes it necessary to improve the limits of detection
reached by the current MRMs since many matrix–pesticide
combinations are reported with MRLs between 0.01–0.05
mg kg21. Such is the case of methamidophos in pepper for
which the MRL has been recently reduced to 0.01 mg kg21

(Directive 98/82/CE). Accurate identification and quantitation
of these residue levels is only possible with MRMs that provide
LODs five to ten times below these MRLs. Preconcentration
can help to reduce the LODs, but time-consuming clean-up
procedures have to be introduced in order to avoid contamina-
tion of the GC system with matrix components, thereby
increasing the cost of analysis.

An elegant alternative for improvement of analyte detect-
ability without drastic modifications in the validated MRMs is
the use of injection volumes larger than the typical 1–2 mL.
Automated large volume injection (LVI) systems based on cold
on-column and programmable temperature vaporizing (PTV)
injection are being commonly used in trace determination of
pesticides in food and environmental matrices12–14 with good
results. Variables affecting the sampling process have been
extensively discussed.15,16

In this study a conventional split/splitless injector has been
used for the injection of 10 mL of sample in the analysis of 10
representative pesticides in vegetables. The developed method
has been applied to the analysis of 110 vegetable samples from
the Association of Producers and Exporters of Fruits and
Vegetables in Almerı́a (COEXPHAL) monitoring pro-
gramme.

Experimental

Reagents

Pesticide standards (purity > 98.0%) were purchased from
Riedel de Haën (Seelze, Germany). Triphenyl phosphate
( > 98.0%) was from Fluka (Buchs, Switzerland). Individual
stock standard solutions (100 mg L21) were prepared in ethyl
acetate and stored in the dark at 220 °C. Working standard
mixtures in ethyl acetate, containing 10 mg mL21 of each
pesticide, were used for spiking samples. Calibration standards
were prepared in both ethyl acetate solutions and blanks extracts
of vegetables. In the last case, 200 mL aliquots of the extract
were evaporated to dryness under a gentle stream of nitrogen
and dissolved again, with sonication, in 200 mL of ethyl acetate
containing the pesticides studied.

Pesticide grade ethyl acetate and sodium sulfate (pro analysi)
were obtained from Merck (Darmstadt, Germany). Helium
(99.999% purity) used as carrier gas and nitrogen (99.999%
purity) for drying were from Air liquide (Madrid, Spain).

Apparatus and equipment

(a) Food processor. Model UM 12 (Stephan, Hameln,
Germany).
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(b) High-speed blender. Polytron PT-2000 Kinematic AG
(Littau, Switzerland).

(c) Rotary vacuum evaporator. Rotavapor Model VV 2000
(Heidolph, Germany).

(d) Centrifuge. Centrifuge Varifuge GL 4100 Heraeus
GMBH (Osterodde, Germany).

(e) GC-MS. Analyses were run on a HP 6890 Series gas
chromatograph (Hewlett Packard, Palo Alto, CA, USA) inter-
faced to a HP 5973 mass selective detector. Data acquisition and
processing, and instrument control were performed by the HP
MSD ChemStation software. Analytes were separated in a
Hewlett Packard HP-5MS capillary column (5% diphenil 95%
dimethylsiloxano), 30 m 3 0.25 mm id, 0.25 mm film thickness.
A 2.5 m 3 0.25 mm id uncoated retention gap (Hewlett
Packard) was coupled to the front of the analytical column, via
a press fit connector. A split/splitless injector was used in
splitless mode. An empty liner filled with 0.5 cm Carbofrit
(Restek, Bellefonte, USA), placed at 3.6 cm from the upper part
of the liner, was used. After several tests, the injector operating
conditions were optimised as follows: injection volume 10 mL;
injector temperature 250 °C; initial pulse pressure 30 psi
(1.5 min); split flow 50.0 mL min21 and split time 1.5 min. The
helium carrier gas flow was maintained at 1 mL min21. The
oven temperature programme was 1.0 min at 105 °C,
25 °C min21 to 180 °C, 5 °C min21 to 230 °C, 30 °C min21 to
260 (2 min) and the transfer line temperature was set at 280 °C.
Typical MSD operating conditions were optimised by the
autotuning software. Electron impact (EI) mass spectra were
obtained at 70 eV electron energy and monitored from 50 to
400 m/z. The ion-source and quadrupole analyser temperatures
were fixed at 230 °C and 106 °C respectively.

Samples

Samples of the different matrices used in this study were
provided by the Association of Producers and Exporters of
Fruits and Vegetables of Almería (COEXPHAL). Pesticide-free
vegetables controlled by the Residue Control Laboratory of
COEXPHAL were used as blanks and to prepare fortified
samples for recovery assays and matrix matched standards for
calibration.

Extraction procedure and analysis

A 15 g portion of sample previously homogenised was weighed
in a 200 mL PTFE centrifuge tube and fortified with an aliquot
of the 10 mg mL21 spiking solution. Approximately 15 min
were allowed for the solvent to evaporate. Triphenyl phosphate
was added to the sample just prior to extraction to give a final
concentration in the analysis of 0.33 mg mL21. Then, 60 mL of
ethyl acetate and 13 g of anhydrous Na2SO4 were added and
blended in the Polytron PT-2000 for 30 s. The extract was
centrifuged at 4000 rpm for 2 min and the supernatant liquid
was filtered by suction through a Büchner funnel containing a
thin layer of 20 g of anhydrous Na2SO4. The extraction and
filtration steps were repeated one more time by adding in this
case 30 mL of ethyl acetate. A 30 mL aliquot of the combined
extracts was evaporated to dryness in a vacuum rotary
evaporator maintained at 60  °C in a water bath. The residue was
redissolved in 5 mL of ethyl acetate and the extract thus
obtained, containing 1 g of sample per mL, was ready for GC-
MS analysis.

Validation

All validation procedures were performed by using pesticide-
free peppers previously analysed. The linearity in the response
was studied with standard solutions prepared in both blank
matrix extract and ethyl acetate solvent, for comparison
purposes. The concentration range studied was from 0.01 to 1
mg kg21. Recovery studies were determined in triplicate at two
concentration levels, 0.05 and 0.50 mg kg21. The calibration
curves generated from the standards in blank sample extracts
were used for quantitation. In this way, possible quantitation
errors originated by the matrix effect were eliminated. Inte-
grated peak area data of one selected mass were used to
construct the curves. Control of the extraction step was done by
the addition of a known amount of triphenyl phosphate to the
sample before the extraction. 

The repeatability of the chromatographic method was
assessed by the analysis in the same day of ten pepper extracts
fortified at a 25 mg kg21 concentration level (100 mg kg21 for
endosulfan). For the reproducibility a spiked sample at 50
mg kg21 was analysed each day for five days. The limit of
detection (LOD) was determined as the analyte concentration
that gave a S/N of 3, as calculated by the instrument software,
and empirically verified by analysing pesticide mixtures at these
concentration levels in matrix extracts.

For confirmation purposes three diagnostic ions were
selected in the SIM (selected ion monitoring) mode for each
pesticide. The presence of these diagnostic ions at the correct
retention time (±10 s) and in the correct abundance ratio (±25%)
was used as identification criteria. A S/N ratio > 3 was also
required.

Results and discussion

GC-MS analysis

In order to increase sensitivity in the analysis a SIM programme
was selected, which provided response factors from 10 to 150
times higher than full scan mode for the target compounds. SIM
mode provides highly selective methods, but reduces the
identification power. However, in order to achieve a com-
promise between sensitivity and identification capability, the
three most abundant fragments in the spectra were selected as
diagnostic ions (Table 1), so reducing the generation of false
positive results. Fig. 1 shows the SIM chromatogram obtained
from a pepper sample spiked at a concentration level of 0.01
mg kg21. It can be observed that most peaks are well resolved
and only two compounds, vinclozoline and methyl parathion,
co-elute. However, they could be easily identified and quanti-
fied by selecting single ion chromatograms for their selected
diagnostic ions. All the analytes studied eluted at a total analysis
time of 14 min. This short analysis time per sample contributed
to the increase of sample throughput, however, it is convenient
to maintain a higher temperature for 1–2 min after the elution of
the target compounds, in order to avoid memory effects between
injections. The retention times obtained for the pesticides are
included in Table 1.

Optimisation of the injection volume

A conventional split/splitless injector provided with electronic
pressure programmer (EPP), can conveniently be used for the
injection of at least 10 mL of sample with good results
concerning sensitivity increase and acceptable peak shape. The
injection of a large volume of sample can cause losses of the
analytes because of the rapid expansion into a large gas volume,
causing part of the sample to be blown into the gas lines filling
the injection port. In order to increase the capacity of the
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injector and to improve the efficiency of sample transfer the
carrier gas inlet pressure can be increased just before the
beginning of a run (pulse pressure) and returned to the normal
value after a specified amount of time. Parameters such as the
injection pulse pressure, time of the pulse, split vent time and
initial oven temperature have to be optimised when this
injection mode is applied.

A preliminary study was performed in order to determine the
adequate injection volume and fix operational conditions. After
several tests the injection pulse pressure was fixed at 30 psi for
1.5 min At higher injection pressures (45 psi) the appearance of
split peaks was observed. The splitless time was set at 1.5 min
to permit the introduction of the whole sample into the column.
The initial column temperature is of great importance for the
peak shapes. It has been reported that recondensation of large
solvent volumes causes peak distortion especially with analytes
of moderate and low volatility.17 In this study the application of
a temperature of 105 °C resulted in a narrow bandwidth for all
the compounds. A retention gap placed in front of the analytical
column also helped to improve the peak shape11 and prevent
damage of the analytical column.

The effect of increasing injection volume from 2 to 10 mL can
be observed in Fig. 2 for the analysis of a pepper extract
containing some of the pesticides at a level of 0.01 mg kg21. An
important increase in the pesticide signal is observed but also an
important increase in the baseline. Accordingly, the injection of
sample volumes much higher than 10 mL is not recommended,
as it does not result in a relevant improvement in the S/N ratio
and makes it necessary to carry out frequent maintenance of the
GC system (injector, columns) in order to operate under optimal
conditions.

In order to maximise the trapping of high-boiling matrix
compounds and to avoid extensive matrix effects, the injection-
port liner was filled with Carbofrit. The efficiency of this
packing material has been proved in previous works.18,19 The
Carbofrit has to be carefully placed just below the extreme of
the needle, in such a way that the discharge of the sample into
the injector takes place over the Carbofrit surface. In this way,
interactions between the sample and the glass liner surface are
avoided. Carbofrit must be changed after about thirty sample
injections in order to avoid the gradual decrease of the GC-MS
response observed for compounds such as methamidophos and
chlorothalonil.

Matrix effect and linearity

The linearity in the response was studied with standard
solutions prepared in both blank matrix extract and pure solvent.
Integrated peak area data of one selected mass were used to
construct the curves. In both cases, a linear correlation was
observed for all the compounds in the studied range (from 0.01
to 1.0 mg kg21), with relative standard deviations (RSDs) of at
least 0.998. However, if the matrix effect in the signal was

analysed it was shown to be dependant upon the type of matrix.
Pepper and cucumber represented extreme case. When pepper
extract was used in the analysis, the signal observed in the
presence of matrix was higher than the one obtained in pure
solvent in all the cases. Nevertheless, this effect was the
opposite when cucumber extract was employed. The matrix
enhancement effect in the signal has been explained by some
authors10,20 who suggest that matrix components in the extracts
filled active sites on the glass injector liner or in the Carbofrit
producing an increase in the analyte introduction efficiency. But
the diminution of the signal in the presence of matrix suggested
the existence of other sources of error based on the different
composition of the matrix and probably on its effect on the
ionization step. This matrix effect in the signal was especially
intense (between 20–35% deviation at the higher concentration
level in the calibration curve) for methamidophos, methyl
parathion, chlorothalonil and endosulfan a and b. In the case of
methamidophos, methyl parathion and chlorothalonil it can be
explained by the high polarity of these compounds. For
endosulfan, this fact can be attributed to its chlorinated
moiety.

Mass spectral interferences coming from the matrix were also
observed in the chromatograms, especially when low m/z ions
were selected. For that reason good reproducibility in the
retention times and in the ratio between the relative abundances
of the diagnostic ions are critical for the correct identification of
pesticides in samples. An example can be observed in Fig. 3
which shows selected ion chromatograms obtained for two
pepper extracts. In the first chromatogram (Fig. 3A) methami-
dophos was identified at a concentration of 7 mg kg21. In the
second chromatogram (Fig. 3B), the peak obtained at 3.77 min
corresponded to a false positive, as it is demonstrated by the
small difference observed in the retention time with respect to
the standard (at 3.61 min) and the inadequate relative abundance
of the fragment ion at m/z 141 with respect to the fragment ions
at m/z 94 and 95.

The repeatability in the retention times and relative intensities
of the diagnostic ions was studied by the injection of pepper
extracts fortified at a 25 mg kg21 concentration level (100
mg kg21 for endosulfan). Results obtained are showed in
Table 1. Good repeatability was obtained in all the cases with
coefficients of variation (n = 20) lower than 0.06% for the
retention times and lower than 11% for the relative intensities of
the ions.

Recoveries and limits of detection

The recoveries of the extraction procedure were studied by
spiking pepper samples (n = 3) at two concentration levels
(0.05 and 0.50 mg kg21). The calibration curves generated from
the spiked sample extracts were used for quantification.
Average recoveries obtained for the pesticides studied are
shown in Table 2. All the recoveries are in the range of 80.5 to

Table 1 Reproducibility study (n = 20) of the pesticide retention times (Rt) and relative abundance (RA) of quantitation and diagnostic ions

Quantitation ion Diagnostic ions

Rt/min RSD (%) m/z (RA, %) RSD (%) m/z (RA, %) RSD (%) m/z (RA, %) RSD (%)

Methamidophos 3.61 (0.06) 94 (100) — 95 (93) 8 141 (55) 4
Diazinon 7.94 (0.06) 179 (100) — 137 (95) 5 304 (69) 3
Chlorothalonil 8.29 (0.06) 266 (100) 9 268 (55) — 264 (78) 3
Vinclozoline 9.08 (0.06) 212 (100) — 198 (91) 9 285 (89) 11
Parathion methyl 9.12 (0.06) 263 (41) 9 109 (100) — 125 (77) 10
Pyrimiphos methyl 9.80 (0.07) 290 (100) — 276 (83) 1 305 (74) 2
Chlorpyriphos 10.33 (0.07) 314 (88) 0.5 197 (100) — 258 (49) 5
Procymidone 11.74 (0.05) 283 (85) 3 96 (100) — 285 (56) 4
Endosulfan I 12.31 (0.06) 241 (100) — 195 (89) 8 339 (50) 6
Endosulfan II 13.82 (0.03) 195 (100) — 237 (75) 4 207 (88) 3
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99.3%, except for methamidophos (63.2% at 0.05 mg kg21 and
74.6 at 0.50 mg kg21). This well-known behaviour of
methamidophos can be attributed to its polarity. The coeffi-
cients of variation obtained were lower than 16%, indicating the
good performance of this method.

Possible errors coming from variations in the GC-MS
response were minimised by injecting check samples, which
correspond to one calibration standard (50 mg kg21). Analysis
of these check samples, were performed for each of the four
samples during a sequence of injection. In this way the response

of the detector is checked by matching the response of the
calibration standard with the response of the same concentration
level of the calibration curve. The response is satisfactory when
variations founded in these values are lower than 15%.
Otherwise the last group of samples analysed before the last
check sample was not considered and they were reanalysed. In
this way validity of the calibration curve is assured and
quantitation errors minimised.

Control of the extraction procedure was obtained by the
addition of a control standard (triphenyl phosphate) to the
samples prior to the extraction. The presence of this compound
in the final extract at the correct abundance (±20%), guarantees
the effectiveness of the sample handling procedure and is used
for quality control.

The quantitation masses were selected based on selectivity
instead of intensity criteria. So, in some cases they did not

Fig. 1 GC-MS chromatogram under SIM mode obtained by the injection
of 10 mL of a pepper extract spiked with (1) methamidophos; (2) diazinon;
(3) chlorothalonil; (4) vinclozoline; (5) parathion methyl; (6) pyrimiphos
methyl; (7) chlorpyriphos; (8) procymidone; (9) endosulfan I and (10)
endosulfan II each at 0.01 mg kg21.

Fig. 3 Selected ion (m/z = 94, 95 and 141) chromatograms obtained for real samples where: (A) methamidophos has been confirmed at a concentration
of 7 mg kg21 and (B) a false positive of methamidophos has been detected.

Fig. 2 GC-MS-SIM chromatograms obtained by the injection of 2 mL and
10 mL of a pepper extract fortified with a group of target compounds.
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correspond to the base peak in the spectrum (parathion methyl,
chlorpyriphos and procymidone). Nevertheless they provided
the best selectivity and S/N ratio in the presence of matrix. The
selected quantitation masses are indicated in Table 1.

The limits of detection (LODs) were determined in both, pure
solvent and spiked matrix. Results are showed in Table 2. It can
be observed that the LODs for some pesticides were 5 to 10
times higher in the presence of matrix. Nevertheless, in most of
the cases they were satisfactory, from 6 to 500 times lower than
the MRLs admitted in the European Union for these commod-
ities. Only in the case of endosulfan the LODs obtained (0.05
mg kg21) were higher than the most exigent MRL (0.01
mg kg21), but it can be considered enough for the majority of
the pesticide–matrix combinations.

Application to vegetable samples

As an application, the presence of the studied pesticides was
investigated in 110 samples in order to test the routine
efficiency of the proposed method. Samples analysed came
from greenhouses located in Almería as a part of the
COEXPHAL monitoring programme. Table 3 summarises the
results obtained. Positive residues could be detected in nearly
46% of all samples analysed. Methamidophos (37%), endo-
sulfan (31%) and procymidone (29%) occurred more frequently
followed by chlorothalonil (18%) and pirimiphos-methyl (9%).
No presence of the rest of the target pesticides was found in any
case. A 23% of the positive residues exceeded the EU tolerances
(or Spanish regulation in the case of pirimiphos-methyl) and
most of them (94%) corresponded to methamidophos in pepper.
This fact is a consequence of the recent EU Directive, which
reduced its MRLs to 0.01 mg kg21 and shows clearly the need
to develop analytical methods to cover these low levels.

Conclusions

A multiresidue method has been developed in the present work,
including a rapid and non-selective ethyl acetate extraction and

a very sensitive and selective GC-MS-SIM detection by using
large-volume injection (10 mL). This method allows the
simultaneous identification and quantication of a group of ten
pesticides in different commodities. The use of large volume
injection allows us to reduce the preconcentration step, resulting
in lower analysis times with respect to other ‘classical’
multiresidue methods, and therefore increases sample through-
put. The method provided satisfactory repeatability and repro-
ducibility and recoveries higher than 80% for most of the target
compounds, except methamidophos. The limits of detection of
this method fulfil the most exigent requirements of the actual
legislation.

The effectiveness of the proposed method was evaluated by
analysing of 110 pepper, cucumber and tomato samples,
proving its applicability to routine analysis. The results obtained
reveal positive residues in nearly 46% of the samples analysed
and 23% of the positive residues exceeded the tolerances. The
method can easily be extended to other vegetables. Never-
theless, it is recommendable to realise blank analyses, in order
to avoid mass spectral overlap, and to prepare the calibration
standards in blank sample extracts because of the strong matrix
effect observed.

Software of the equipment also allows the introduction of
more pesticides in the SIM programme.
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