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Analysis of tomato matrix effect in pesticide residue quantification through
QuEChERS and single quadrupole GC/MS
Ana M. Domínguez1*, Fabian Placencia2, Francisco Cereceda1, Ximena Fadic1, and Waldo Quiroz2

The detection of pesticide in tomato (Solanum lycopersicum L.) matrix using Gas Chromatography hyphenated to
Mass Spectrometry detector (GC/MS) can affect the sensitivity of the analysis by enhancement or suppression of their
chromatography response, the percentages of recoveries and leading to errors in the quantification of the pesticides. In
this study, the matrix effect was investigated using nine pesticides, and “Quick, Easy, Cheap, Effective, Rugged and Safe”
(QuEChERS)-GC/MS analytical technique was validated for pesticides multiresidue analysis. The matrix effect was
determined using not statistical and statistical procedures including ANOVA, with similar results. Strong negative matrix
effect was found for the pesticides trifluralin, 4,4’-DDT, and permethrin, resulting in the increment of the chromatogram
background and a decrease in their detection responses. Contrary, an enhancement induced by the matrix presence was
obtained for carbaryl and azinphos methyl, showing a positive medium matrix effect. While, dimethoate, simazine, 4,4’DDE, and iprodione did not exhibit matrix effect. The detection limits (LOD) obtained, varied from 0.003 to 0.1 mg kg-1.
Reproducibility was less than 20% for each pesticide. Recoveries were found to be between 71% and 121%, except for
dimethoate, carbaryl, and azinphos methyl which reached values lower than 70%. Recoveries relative standard deviations
were less than 22%. Quechers-GC/MS technique was used for evaluation of fresh commercial tomatoes samples, detecting
carbaryl in all of them, but in concentration levels lower than the maximum residue limits according to regulations of
Codex.
Key words: Matrix effect, QuEChERS, Solanum lycopersicum, statistical procedures.

INTRODUCTION
One of the main problems in the detection of pesticides
residues in agricultural products are the matrix effect; the
co-extractives compounds such as: pigments, fatty acids,
sugars, among other, interfere with the detection of the
pesticide making the cleanup of the final extract to play
an important role in sample analysis (Fialkov et al., 2007).
At present, there is not a unique extraction technique and
cleanup methods which eliminate completely the matrix
effect. Nevertheless, the “Quick, Easy, Cheap, Effective,
Rugged and Safe” (QuEChERS) methodologies have
been applied in many laboratories, with good results and
high recoveries, for several complex matrices extractions,
such as: soil (Nanita et al., 2009; Rashid et al., 2010),
biological samples (Kalachova et al., 2011), and food
(Wilkowska and Marek, 2011; Hou et al., 2013). This
method was created by Anastassiades and coworkers for
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the extraction of pesticides, which combines the isolation
of pesticides from the complex matrix like food and the
extract clean up (Anastassiades et al., 2003; Lehotay,
2007). Recently, the QuEChERS applications have been
widely spread to determine other contaminants including
cresols (García Pinto et al., 2011), benzene, toluene,
ethylbenzene, and xylenes (BTEX) (Padilla-Sánchez et
al., 2010), polycyclic aromatic hydrocarbons (PAHs) and
polychlorinated biphenyls (PCBs) (Norli et al., 2011).
The matrix effect phenomenon in pesticide analysis
had been studied (Lehotay et al., 2010; Kwon et al., 2012)
using GC/MS and High Pressure Liquid Chromatography
hyphenated to mass spectrometry detector (HPLC/MS). It
was reported that, in the analysis of the pesticides by GC/
MS, the analytes reacted with the remaining active sites
of the deactivated liners, column and detector when the
sample is injected as a solvent solution. This interaction
is due to the polar groups like: hydroxyl, amine and
phosphate (Kwon et al., 2012) present in the pesticide;
as a consequence less amount of analyte than the injected
one is detected. While if pesticides are injected in the
presence of matrix, it may take place two different
effects: (1) a matrix induce chromatographic response
enhancement or (2) a matrix induce chromatographic
response suppression. The first matrix effect occurs due to
interactions of the matrix compounds with the remaining
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active sites of the liner, column and detector, which avoid
pesticides losses by concepts of thermal degradation or by
adsorption, leading to increment the detected pesticides
signals (Hajšlová et al., 1998). The second effect it could
happened when the pesticides interact and co-elute with
the matrix compounds; and, as matrix compounds are not
at trace level, the chromatogram background increase,
producing a suppression of the chromatographic pesticide
signal (Hajšlová et al., 1998).
How can be determined the effect of the matrix? Some
authors use statistical comparison, the matrix effect is
determine, through Fisher’s (variance) and Student’s test
(means), between the slope of the pesticide calibration
curve in the solvent solutions and the slope of the
pesticide calibration curve in matrix extract solutions.
Both curves could be prepared with or without internal
standard (Guerrero, 2003; Ferrer et al., 2011; Moura et
al., 2011). Also, it is had been reported for this purpose
other statistical procedures like ANCOVA (Ahumada
and Zamudio, 2011); or Principal Components Analysis
(PCA) (de Sousa et al., 2012). Besides that, various
studies report the extent of matrix effect (enhancement or
suppression) (Kruve et al., 2009), and the matrix effect
percentage (% ME) (Economou et al., 2009; Ahumada et
al., 2010).
Tomato (Solanum lycopersicum L.) was selected for our
study because is a high consumption vegetable of diverse
cultures, but also because it has a lot of health benefits
including its content of lycopene which helps to decrease
oxidative stress (Itziar et al., 2013). In addition, Chile has
a high annual per capita tomato consumption, around 25 to
35 kg; comparable with the USA and European countries
(Flaño, 2012). Most of them are produced outdoor or in
greenhouses with the well known indiscriminate use of
pesticides. In this scope the development of a fast, cheap,
and reliable pesticide QuEChERS extraction procedure
using Gas Chromatography/Mass Spectrometry (GC/MS)
detection bring a high interest regarding public health
and Chilean regulation, especially for the internal market.
The goals of this work were to determine the influence of
tomato matrix in the detection of pesticides (trifluralin,
dimethoate, simazine, carbaryl, 4,4’-DDE, 4,4’-DDT,
iprodione, azinphos methyl and permethrin) by GC/MS,
using the QuEChERS extraction procedure, in order
to establish the correct quantitation methodology for a
multiresidue determination method and at the same time,
to validate the QuEChERS-GC/MS analytical technique.
MATERIALS AND METHODS
Reagents. Acetone and acetonitrile (pesticide
grade) were purchased from Fisher Scientific (New
York, USA). Pesticide neat standards: dimethoate
(2-dimethoxyphosphinothioylthio-N-methylacetamide),
trifluralin
(α,α,α-trifluoro-2,6-dinitro-N,N-dipropylp-toluidine),
simazine
(6-chloro-N,N’-diethyl-

1,3,5-triazine-2,4-diamine),
carbaryl
(1-naphthyl
methylcarbamate),
4,4’-DDT
(1-chloro-4-[2,2,2trichloro-1-(4-chlorophenyl)ethyl]benzene), 4,4’-DDE
(1-chloro-4-[2,2-dichloro-1-(4-chlorophenyl)ethenyl]
benzene), iprodione (3-(3,5-dichlorophenyl)-N-isopropyl2,4-dioxoimidazolidine-1-carboxamide),
azinphos
methyl
(S-3,4-dihydro-4-oxo-1,2,3-benzotriazin-3ylmethyl O,O-dimethyl phosphorodithioate), and
permethrin (3-phenoxybenzyl (1RS)-cis-trans-3-(2,2dichlorovinyl)-2,2- dimethylcyclopropanecarboxylate)
(Pestanal, with more than 97% of purity, Sigma-AldrichFluka, Madrid, Spain). Certified pesticide liquid 10
µL mL-1 solutions were purchase by Dr. Ehrenstorfer,
Germany. Sodium chloride and anhydrous magnesium
sulphate (Emsure, Merck, Darmstadt, Germany); Selectra
PSA (primary and secondary amine, United Chemical
Technologies UCT, Horsham, Pennsylvania, USA); and
the internal standard triphenylphosphate (TPP, Sigma
Aldrich, Supelco, Bellefonte, Pennsylvania, USA).
Certified pesticide liquid solutions and the stock solutions
were stored in an amber capillary bottle at 4 °C.
Table 1 shows the structure and the agricultural use of
pesticides under study. It is worth noting that 4,4’-DDT
was outlawed in Chile since 1984, but was included in
this study due to its persistence and the persistence of
its degradation compounds, being 4,4’-DDE its main
breakdown product.
Stock solutions of individual pesticides were prepared
in acetone, using the proper amount of each neat pesticide
solid standard, to reach concentrations between 1000 to
3000 mg L-1.
Pesticides working solutions. The multi-residues
working solutions were prepared in acetone, employing
the adequate quantity of each individually stock solution,
to reach 20 mg L-1 of concentration.
Solvent calibration solutions. The solvent calibration
solutions were prepared in acetonitrile, using the
multiresidue working solution to reach pesticide
concentrations ranging from 0.01 to 1 mg L-1 and, adding
100 µL of the internal standard (TPP), from its 15 mg L-1
working solution.
Matrix matched calibration solutions. Matrix matched
calibration solutions were prepared in tomato blank
acetonitrile extracts (obtained by QuEChERS), employing
the multiresidue working solution to reach concentrations
ranging from 0.01 to 1 mg L-1 and, adding 100 µL of
the internal standard (TPP), from its 15 mg L-1 working
solution.
QuEChERS procedure. Two kilograms of organic
tomatoes were sliced and homogenized using a
commercial blender with stainless steel blades and glass
vessel. After that, 10 g of this tomato pulp was weighed in
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Chromatographic analysis. For chromatographic
analysis, Perkin Elmer equipment Clarus 680 GC
hyphenated to SQ8C simple quadrupole mass spectrometry
detector (Perkin Elmer, Waltham, Massachusetts, USA)
was used. One microliter of the extract was injected in
splitless mode, setting the injector port temperature at 200
ºC and using a pulse of 2 mL min-1 for 1 min. Samples were
isolate employing the Elite-5ms (Perkin Elmer) capillary
column of 30 m × 0.25 mm × 0.25 µm. The column oven
was set at 80 ºC for 2 min, after that, temperature was
increased to 180 ºC at 20 ºC min-1 of heating rate, then
it was raised until 250 ºC using a heating ramp of 4.5 ºC
min-1 and maintained for 12 min. Helium working flow
was set at 1 mL min-1. Mass spectrometer transfer line
and the ionization source temperature were set at 200 ºC
and 170 ºC, respectively; and the Register Ion Monitoring
(SIR = SIM) mode method was used for the analysis.
The quantification m/z fragment, chosen for each
pesticide, was show underlined in Table 2. Quantification
ion (or fragment) was selected considering that it is a
fragment of high molecular weight and also has good
intensity. For iprodione was chosen the m/z = 70, because
its high molecular weight fragments had quite low
intensities. On the other hand, integration areas obtained
for this compound and for azinphos methyl were low.
Table 2. Pesticides chemical family, molar mass, their relate retention
time, and principal m/z fragments.
Chemical family
Pesticide
		
Trifluralin
Dinitroaniline
Dimethoate
Organothiophosphate
Simazine
Triazine
Carbaryl
Carbamate
4,4’-DDE
Organochlorine
4,4’-DDT
Organochlorine
TPP
Organophosphate
Iprodione
Dicarboximide
Azinphos methyl Organophosphate
Permethrin
Pyrethroid

Retention time of cis-permethrin.

Molar
mass
g mol-1
335.28
229.26
201.66
201.22
318.03
354.50
326.28
330.17
317.32
391.30

Retention
time
min
9.37
10.30
10.46
13.54
21.47
25.22
26.24
27.28
29.10
32.23*

Main
fragments

145/264/306
87/93/125
173/186/201
115/116/144
246/248/318
165/235/237
326/325/77
70/187/314
77/132/160
163/165/183

*

a 50 mL falcon centrifuge tube, and 10 mL of acetonitrile
was added using a solvent dispenser. The mixture was
vortex for 30 s. Then, 4 g anhydrous MgSO4 and 1 g
NaCl were added and the mixture was vortex again for
30 s; after that, the tomato pulp and the upper organic
acetonitrile extract containing the pesticides were isolated
by centrifuging for 5 min at 5000 rpm (Anastassiades et
al., 2003).
The cleanup step was carried out pouring 8 mL of the
upper acetonitrile layer into a 15 mL falcon centrifugation
tube and adding 200 mg of PSA sorbent and 1.2 g
anhydrous MgSO4; after vortex for 30 s, the mixture was
centrifuged for 5 min at 5000 rpm (Anastassiades et al.,
2003). The organic extract was transferred directly into
the autosampler vial for its chromatographic analysis,
using a GC/MS-Selected Ion Recording (SIR) method.
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RESULTS AND DISCUSSION
Chromatographic analysis. The standards were
analyzed using a full scan (50-400 m/z) method in order to
determine the retention time and main fragments for each
pesticide; then the Register Ion Monitoring (SIR = SIM)
mode method was used for all the analysis. The injector
port, ionization source and transfer line temperature were
optimized to improve the instrumental pesticide response.
Temperature optimization. During instrumental
optimization tests, only one parameter was changed each
time: injector temperature, source temperature and transfer
line temperature, keeping the helium flow at 1 mL min-1
and the oven temperature program as described above.
The injector temperatures studied were 150, 180, 200, and
220 ºC; ionization source (150 and 170 ºC) and; transfer

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 74(2) APRIL-JUNE 2014

line (180, 200, 210 ºC). The plotting area obtained under
each condition for all the pesticides is show in Figure 1a,
1b, and 1c; data were acquired in triplicate.
Dimethoate and simazine integration areas were higher
when the electron energy was reduced, from 70 to 65 eV;
this instrumental change did not influence significantly
the other pesticides studied.
It was observed that the integration area of each
pesticide increased as the temperature of the injector
port was increased until 200 ºC (Figure 1a). A further
increment on the temperature of the injector port produced
a significant decrease in some pesticide integration area
like: carbaryl, trifluralin, 4,4’-DDT, and 4,4’-DDE; while
permethrin, azinphos methyl an iprodione experience an
increase in their integration areas. This effect is probably
related with this pesticides thermal stability and possible
losses by vaporization, adsorption or degradation at the
injector port under the working conditions.

Figure 1. Graphical representation of the obtained areas for
each pesticide, with the respective standard deviation bar, for
the temperature optimization test results of: (a) injector port, (b)
transfer line, and (c) ionization source.

Figure 1b shows the pesticides integration area
behavior with respect to the transfer line temperature
variation; all the compounds studied increase their areas
with temperature, until 200 ºC. When transfer line was set
at 200 ºC, all the pesticides reach maximum integration
areas. When the temperature of the transfer line was
above 200 ºC the integration area was decreased.
On the other hand, the increment in the source
temperature from 150 to 170 ºC only has a significant
influence on carbaryl and permethrin integration areas
(Figure 1c). This could be associated with a better
fragmentation through amide and ester group of carbaryl
and permethrin structures during the ionization step,
which help the formation of 144 and 183 m/z fragments.
These fragments were used respectively for quantitation.
While, reducing the source temperature to 120 ºC cause a
severe loss of the detector sensitivity for all the pesticides
under study.
The response of each pesticide was different in relation
to their thermal stability, fragmentation and volatilization,
so was necessary to get to a compromise based on the
obtained results. In the case of carbaryl, it was affected with
all the temperature studied, but it had a positive response
on its integration areas until 200 ºC; probably, above this
temperature carbaryl becomes thermally unstable. It is
known, that carbamates are thermally sensible and there
are prone to degradation (Przybylski and Bonnet, 2009).
Possibly, that is the reason associated with the appearance
of 1-naphthol in our chromatogram; this compound could
be produced due to the existence of fragile bonds on the
carbaryl structure and/or by hydrolysis (Przybylski and
Bonnet, 2009). It was observed two signals with very
similar mass spectrum, except for the fragment m/z 201, at
retention times 8.01 and 13.54 min. An exploratory assay,
with solutions of carbaryl in acetonitrile at different pH
confirmed the influence of the solution pH in the obtained
value of the ratio of carbaryl/1-naphthol; in which was
higher at pH 4 than pH 6.
Finally, the optimal working temperatures for the
injector port, transfer line and source were set at: 200,
200, and 170 ºC, respectively.
Selectivity. The GC/MS-SIR method performed the
scanning of the three main characteristic fragments for
each pesticide, in their retention time segments. Figure
2a and 2b shows the total Selected Ion Recording (SIR)
chromatograms obtained for the tomato blank extract
(lower chromatogram signals) and for the 0.5 mg kg-1
spiked tomato blank extract (upper chromatogram). From
left to right the chromatogram (a) shows the signals of
trifluralin, dimethoate, simazine, carbaryl, and 4,4’-DDE;
and chromatogram (b): 4,4’-DDT, TPP (internal standard),
iprodione, azinphos methyl, and permethrin. There is not
interference compounds in the analyzed segments; the
organic tomato extract obtained by QuEChERS could be
used as matrix blank for our studies.
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Figure 2. Selective Ion Recording (SIR) chromatograms (a) from 9.00 min to 25.10 min; and (b) from 25.10 min to 33.00 min; obtained for the
tomato blank extract, after the tomato pulp extraction using “Quick, Easy, Cheap, Effective, Rugged and Safe” (lower chromatogram) and for
the 0.5 mg L-1 pesticide spiked tomato blank extract [upper chromatogram]. Analytes from left to right: (a) trifluralin, dimethoate, simazine,
carbaryl, and 4,4’-DDE; (b) 4,4’-DDT, triphenylphosphate (TPP), iprodione, azinphos methyl, and permethrin.

Determination of matrix effect. Different test for the
determination of matrix effect and matrix effect extent
had been reported in the literature (Hajšlová et al., 1998;
Guerrero, 2003; Kruve et al., 2009; Ferrer et al., 2011;
Moura et al., 2011; Ahumada and Zamudio, 2011; de
Sousa et al., 2012; Kwon et al., 2012), some of them were
tested in this scope, besides the ANOVA procedure.
In our study the matrix effect was determined for each
pesticide by means of statistical comparison between
three matrix match calibration curves responses, respect
to three direct solvent calibration curves responses.
This comparison was performed for each agrochemical
compound at 0.05 significance level, employing
Microsoft Excel for the statistical Student test (means
comparison) and Fisher’s test (variances comparison),
of the respective slope values. Each curve had five
concentration levels of pesticide and a blank; they were
prepared in different days and injected in triplicate. The
internal standard was added to all the concentration
levels including the blank, in order to control fluctuations
between injections. Table 3 shows the average slopes
values from solvent and matrix calibration curves
and their statistical comparisons; considering as null
hypothesis the similarity between the respective average
solvent and matrix slopes.
152

These results show that 56% of the studied pesticides
had matrix effect. Those compounds had significant
differences between their solvent and matrix slopes values,
or what it is the same, the similarity hypothesis between
their solvent and matrix slopes values was rejected (Table
3, column 4). The null hypothesis was accepted only for
dimethoate, 4,4’-DDE, iprodione, and simazine; whose
slopes average values in matrix and solvent were similar.
Matrix effect estimation using ANOVA for two sample
comparison. Alternative, the ANOVA was used to confirm
these results, considering the data normal distribution
and employing 0.05 of significance level. In this case all
the solvent and the matrix calibration curves data were
considered as they were two independent samples (for
comparison purpose). The ANOVA test returns a P-value,
which takes into account the mean difference, the variance
and the data size. A Pcalc value < 0.05 indicates the
existence of significant differences in group expression
data; P values are show in Table 3. The results obtained
using both procedures (1) the statistical comparison of the
slopes of calibration curves and (2) through the statistical
comparison of all the data set, between the external
calibration curve (solvent curve) and the matrix match
calibration curve (matrix curve), are in agreement.
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Table 3. Tomato matrix effect: solvent and matrix calibration curves
slope values; results from Student (similarity hypothesis) and
ANOVA (Pcalc and significance) statistical tests; and the calculated
percentage of matrix effect (% ME).
Solvent
Pesticide
slope
Trifluralin
2.46
Dimethoate
0.170
Simazine
0.582
Carbaryl
0.0210
4,4’-DDE
2.97
4,4’-DDT
2.30
Iprodione
0.261
Azinphos methyl 0.0183
Permethrin
7.78

Similarity
slopes
%
Matrix
Pcalc.
hypothesis
slope
bilateral Significance ME
1.08
rejected 0.0058 Significant -138
0.178 accepted 0.53
Non
1.0
0.751 accepted 0.87
Non
17
1.25
rejected 0.00040 Significant 122
3.19
accepted 0.48
Non
22
1.70
rejected 0.029
Significant -60
0.374 accepted 0.26
Non
11
0.310 rejected 0.0032 Significant 29
5.39
rejected 0.0021 Significant -239

After determine the existence of tomato matrix effect
in more than 50% of our studied pesticides, the matrix
effect extension was calculated to elucidate the influence
of the presence of matrix in the analyte response.
Estimation of the matrix effect extent. The type or
extent of the matrix effect (suppression or enhancement)
was evaluated through the matrix effect percentage (%
ME) calculation. This percentage was calculated from
literature report (Ferrer et al., 2011) as: the percentage
of the difference between the slopes values of the matrix
match calibration curve and the solvent one. So, the %
ME could be negative or positive and would be classified
in three categories (Ferrer et al., 2011): no matrix effect;
medium matrix effect and; strong matrix effect, depending
of the signs and the % ME values, as shows Table 4. No
matrix effect is considered as the values of % ME are into
the pesticide accepted analysis repeatability range values
(± 20%). In this case our own repeatability values have
been considered.
The obtained % ME values for each pesticide are
reported in Table 3. From the results, 44% of the studied
pesticides had strong matrix effect, 22% medium, and
33% have not matrix effect.
Trifluralin, 4,4’-DDT, and permethrin have strong
negative matrix effect, showing a great suppression of
their signals in the presence of tomato matrix. This fact
could probably be associated with the presence of coextractives compounds, which reduced these pesticides
ionization. Similar results had been reported for
permethrin in tomato matrix but using Electron Capture
Detector (ECD) and solid liquid partition (de Sousa et al.,
2012); while contrary to our results, it have been reported
the existence of tomato matrix effect for iprodione with
Nitrogen and Phosphorous Detector (NPD) and ECD
detection, although the matrix effect extent was not
informed (Guerrero, 2003). Negative matrix effect had
Table 4. Literature matrix effect (ME) categories.

ME values

Matrix effect
classification

Positive values

No matrix effect
Medium matrix effect
Strong matrix effect

20%
20% to 50%
More than 50%

Negative values
-20%
-20% to -50%
Less than -50%

been found also, for other pesticides and matrices, like
apple (Ahumada et al., 2010).
Azinphos methyl exhibit a % ME categorized as
medium matrix effect. Dimethoate, iprodione, and
simazine results are in the range of the compounds with
no matrix effect (Ferrer et al., 2011). These results were in
agreement with the statistical tests, except for 4,4’-DDE
which classifies within the medium matrix effect category,
but with a % ME value of 22, quite close to the no matrix
effect compounds.
A second method used for evaluation of the matrix
effect extent is the calculation of % ME, through the ratio
of the matrix extract pesticide spiked area and the solvent
spiked area for one or more concentration level and,
for each pesticide or analyte; employing the expression
giving in the following equation (Kruve et al., 2008):
%ME = (analytematrix spike area/analytesolvent area) × 100 [1]
Table 5 show the % ME results, calculated for a
concentration level of 0.10 mg kg-1, using the analytes
areas relative to the internal standard. These results were
also consistent with previously reported in Table 3.
Although it had been reported that the matrix effect
percentage in pesticide analysis (calculated by this
procedure) is more significant at lower concentration
levels than for higher concentration levels, at higher
concentration levels the ME have a tendency to equality
(de Sousa et al., 2012).
More than 50% of the studied pesticides had matrix
effect, for quantitation purpose must be used the matrix
match calibration procedure to avoid under or over
estimation of the sample results.
Reproducibility and repeatability. The mean
reproducibility expressed as % relative standard deviation
(RSD), obtained in three measurements performed per day,
in three different days with newly organic tomato sample
spiked with 0.25 mg kg-1 and extracted by QuEChERS,
of each pesticide was less than 20%. While the obtained
repeatability for carbaryl, iprodione, and azinphos methyl
was 27%, 22%, and 21%, respectively.
Detection and quantification limits. For each pesticide,
the detection limit (LOD) was calculated as the
concentration corresponding to three times of the standard
Table 5. Matrix effect (ME) extent results and its relative standard
deviation (RSD) values evaluated for 0.1 mg kg-1 concentration level.

% ME0.10
Pesticide
(mg kg-1)
Trifluralin
24
Dimethoate
117
Simazine
94
Carbaryl
470
4,4’-DDE
102
4,4’-DDT
85
Iprodione
90
Azinphos methyl
788
Permethrin
62

No matrix effect.

±RSD/%
4
23
7
136
14
3
8
30
6

MEcategory value
< 100%
@ 100%
@ 100%
> 100%
@ 100%
< 100%
@ 100%
> 100%
< 100%

ME
extent
suppression
without ME*
without ME*
enhancement
without ME*
suppression
without ME*
enhancement
suppression

*
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deviation (3S) of 10 tomato extract blank solutions and
the quantification limit (LOQ) was based on 10 times the
standard deviation (10S). The detection and quantification
limit were calculated considering the internal standard
and the matrix match calibration slope.
The LOD for trifluralin, dimethoate, simazine, carbaryl,
4,4’-DDE, 4,4’-DDT, iprodione, azinphos methyl, and
permethrin were: 0.02, 0.1, 0.05, 0.01, 0.005, 0.004, 0.01,
0.04, and 0.003 mg kg-1, respectively. The calculated LOQ
values and other validation results are reported in Table
6, including the correlation coefficient values (r) for each
calibration curve, which indicates a linear relationship
between the areas and concentrations values (ANOVA
regressions P-values < 0.05 were found at 95% confidence
level), from the LOQ values to 0.75 mg kg-1.
Recovery. The recovery percentage was determined
for a spiked 0.25 and 0.75 mg kg-1 of organic tomato
(Table 6). This percentage depends of the pesticide and
the concentration level. Lower recoveries less than 70%
were reaching for azinphos methyl and dimethoate in
both levels and for carbaryl in the lower concentration
level; while trifluralin had recoveries values > 120% in
Table 6. Validation parameters results for pesticide analysis by
“Quick, Easy, Cheap, Effective, Rugged and Safe” (QuEChERS)
and Gas Chromatography hyphenated with Mass Spectrometry
detection (GC/MS).
Recovery

Pesticide

Matrix match
equation

r

LOQ*

			
mg kg-1
Trifluralin
Y = 1.08x – 0.0307
0.998 0.05
Dimethoate
Y = 0.178x – 0.0056 0.988 0.4
Simazine
Y = 0.751x – 0.0361 0.991 0.2
Carbaryl
Y = 1.25x – 0.0124
0.994 0.04
4,4’-DDE
Y = 3.19x – 0.0949
0.997 0.02
4,4’-DDT
Y = 1.70x – 0.0340
0.999 0.01
Iprodione
Y = 0.374x – 0.0112 0.998 0.04
Azinphos methyl Y = 0.310x + 0.0018 0.996 0.1
Permethrin
Y = 5.39x – 0.0995
0.999 0.01

0.25 mg
kg-1

0.75 mg
kg-1

Mean ± RSDa/%
125 ± 20 178 ± 17
65 ± 20
63 ± 22
71 ± 9
84 ± 17
54 ± 20
88 ± 27
94 ± 9
92 ± 7
121 ± 15
93 ± 10
92 ± 22
89 ± 10
49 ± 21
35 ± 19
90 ± 10
75 ± 6

a
Mean of the results and relative standard deviation (RSD), obtained in
triplicate samples.
*
Quantification Limit (LOQ).

both spiking levels; an extra study with this analyte reveal
recoveries percentages in the expected range when, the
calibration curve is prepared by spiking the tomato pulp
in different concentration levels with the internal standard
and; the analyte goes through all the extraction procedure.
The other pesticides studies showed a recovery percentage
between 70% and 120% (SANCO, 2011), which is the
accepted range for this kind of analysis.
Real sample analysis. Four commercial samples were
evaluated in triplicate. The chromatograms were acquired
using the single quadrupole GC/MS-SIR method, after the
extraction of the samples by QuEChERS. From our results
the pesticide carbaryl was detected in all the samples
and, azinphos methyl in one of them; both under their
quantification limits. Those pesticides were also under
their respective MRL values, reported for tomatoes by
Codex Alimentarius (5 and 1 mg kg-1). Also, it was found
a signal in the retention time segment of the 4,4’-DDE,
for all the tomatoes samples with concentrations values
close to the LOQ (0.02 mg kg-1). These concentrations
levels were under the maximum extraneous residue limit
established for carrot (0.2 mg kg-1) by Codex. Probably,
this residual compound was generated by the degradation
of the remaining traces of 4,4’-DDT in soils, which was
a persistent pesticide used until 1984’s. In a previous
Chilean government study was found at national level
sampling, traces of DDT in potatoes, but not in tomatoes
or any other vegetable product (SAG, 2006). Figure 3
shows a chromatogram of one of the commercial sample
analyzed, where the highest signal belongs to TPP
(internal standard).
CONCLUSIONS
From all the pesticides studied, carbaryl signals were
influenced by changing temperature in the injector port,
transfer line, and ionization source. This compound was
thermally unstable, and fragments to give 1-naphthol.

Figure 3. Commercial tomato chromatogram, obtained by Gas Chromatography hyphenated with Mass Spectrometry detection using Ion
Selective Recording mode (GC/MS-SIR).
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Changes in the transfer line temperature affected the
chromatography responses of the pesticides studied.
The optimal temperatures conditions for the Selected
Ion Recording (SIR) mode analysis were 200 ºC at the
injector port and mass inlet transfer line and 170 ºC at
ionization source. Nine pesticides were extracted from
tomato using the QuEChERS procedure, and from them
56% showed matrix effect. The detection of dimethoate,
simazine, 4,4’-DDE, and iprodione was not influenced
by the matrix tomato. The matrix effect was estimated
through non statistical and statistical procedures. The
ANOVA for two sample comparison was in agreement
with the non statistical %ME calculated using the
percentage of the ratio between the analyte spiked matrix
area against the area of the analyte in the solvent solution,
at one concentration level; and also was in agreement
with the statistical student test for slopes comparison of
the pesticide calibration curves in solvent and matrix,
respectively. From all the studied pesticides, 44% had
strong matrix effect (enhancement or suppression),
where trifluralin, 4,4’-DDT, and permethrin experience
a matrix-induced chromatographic response suppression,
contrary to carbaryl, which experience a matrix-induced
chromatographic response enhancement. As result,
for quantification of pesticides residue in tomato was
necessary to use a calibration curve in the presence of
matrix or “matrix match calibration” procedure. The
analytical method was validated giving reproducibility
values ≤ 20% and recoveries between 70% and 120%
except for trifluralin (higher recoveries), azinphos
methyl, dimethoate, and carbaryl (lower recoveries).
Detection limit values ranged from 0.003 to 0.1 mg
kg-1 and the quantification limit 0.01 to 0.4 mg kg-1.
Dimethoate, simazine, and azinphos methyl had the
higher quantification limits (> 0.1 mg kg-1).
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