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Introduction

Gas and liquid chromatographs coupled with single or 
triple quadrupoles or ion trap mass spectrometric detec-
tors are the most widely used analytical tools for routine 
analysis [1, 2]. In the past decade, liquid chromatography 
combined with triple quadrupole spectrometers (LC–MS/
MS) has become the method of choice in the field of rou-
tine analysis for pesticide residues in food and environ-
mental samples [3–10]. Electrospray ionization (ESI) is 
the most predominant ionization technique in LC–MS/MS. 
On the other hand, electron impact (EI) ionization remains 
the most popular technique for GC–MS and GC–MS/MS, 
compared to chemical ionization (CI).

GC–MS/MS did not receive initially the wide accept-
ance one would expect from the fact that historically GC–
MS was the first mass spectrometric technique widely used 
in the field of pesticide residues analysis [11]. This could 
be attributed to the limitations in GC–MS/MS that arise 
from the absence of a universal soft ionization mode, which 
could be used for the efficient production of molecular 
ions of most pesticide classes. [11] EI ionization is more 
universal, but often the total ion current is spread on many 
fragments, resulting in a low intensity of precursor (par-
ent) ions of MS/MS experiments, thus affecting not only 
the sensitivity but also the specificity of the method [1, 
11]. Even so, a good suppression of matrix background is 
obtained by GC–MS/MS systems, in analogy to CI–MS 
and GC–TOF [11].

Negative chemical ionization (NCI) being a “softer” 
ionization technique generates high-intensity ions (in most 
cases molecular ions) of only some pesticide classes [12–
14]. In combination with MS/MS, NCI gives better selec-
tivity for compounds with highly electronegative elements 
such as halogen, oxygen and nitro group. This results 
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in chromatograms with reduced matrix interference [1]. 
However, in single quadrupole GC–MS it was observed 
that the signal intensity of different pesticides (if identi-
cal amounts are injected) varies much more compared to 
EI ionization. Consequently, GC–MS with chemical ioni-
zation has been focused on special substance classes only, 
for example, organohalogen pesticides, pyrethroids and 
organophosphates. It has been rarely used in multi-residue 
methods, because it is not a universal ionization technique 
[11]. However, the initial problem that the mass spectra 
produced by chemical ionization usually contain a smaller 
number of fragments thus offering less information com-
pared with EI has been overcome with the use of the QqQ 
mass analyzer. A number of methods have been developed 
in the past 15 years for the determination of pesticides or 
other pollutants such as polyaromatic hydrocarbons and 
polychlorinated biphenyls using gas chromatography cou-
pled with EI–MS [15], EI–MS/MS [16], NCI–MS [17, 18], 
NCI–MS/MS [19].

Generic sample preparation leading to sample extracts 
that are analyzed by both LC–MS/MS and GC–MS/MS is 
nowadays applied in pesticide residue analysis (PRA) [1]. 
A combination of GC–MS/MS and LC–MS/MS is cur-
rently one of the most powerful approaches in PRA. They 
are complementary techniques that allow the determina-
tion of pesticides and metabolites within the whole range 
of physico-chemical properties, such as volatility, polarity 
and thermal stability. The combined use of both techniques 
allows the monitoring of hundreds of compounds that are 
GC or LC amenable [1].

The present study involves the comparison of perfor-
mance characteristics (linearity of response, sensitivity, 
i.e., gradient of the calibration curve) [20] of six GC–MS 
methods that result from all possible combinations of 
two ionization (electron ionization and negative chemical 
ionization) and three mass scanning techniques (full scan, 
selective ion monitoring and MS–MS) applied in both 
plant matrix and solvent for PRA. Although there is exten-
sive literature presenting applications of each of the above 
methods separately as well as their advantages and disad-
vantages, there is no publication presenting a comparison 
between the six methods based on the quantification of per-
formance parameters. We aim to fill this gap with our cur-
rent study.

Materials and Methods

The analytical standards of the pesticides were provided by 
Dr. Ehrenstorfer (Darmastaad, Germany) and were escorted 
with the appropriate certificate of analysis. Solvents were 
of HPLC grade (Fisher Scientific UK Limited, Loughbor-
ough, UK, Merck, Darmstadt, Germany).

The instrumentation used for the comparisons was a Var-
ian 3800 gas chromatograph (Bruker Corporation, Fremont 
California) with a large volume programmable temperature 
vaporization (PTV) injector, coupled to a Varian 1200L 
triple quadrupole mass spectrometer (Bruker Corporation, 
Fremont California).

Selection of Pesticides

The 27 pesticides selected for this study were representa-
tive of the most common pesticide classes such as pyrethri-
noids, organophosphorus, organochlorines, chlorophenyl, 
pyrimidine, diphenyl ether, dinitroaniline, triazoles and 
dicarboximide. To ensure the flexibility of the scope, the 
selection was also made according to their physicochemi-
cal properties to cover a wider range of different values of 
octanol–water constant (Kow), water solubility and vapor 
pressure. Due to the relatively small number of pesticide 
groups that are GC amenable, the variation of these values 
is rather limited. However, based on EU guidance docu-
ments [21] the selection of representative analytes can be 
used to extrapolate validation data to a whole chemical 
group.

Preparation of Standard Solutions

The stock solutions of the individual pesticide standards 
were prepared by accurately weighing 10–50 mg of each 
analyte in certified ‘A’ class volumetric flasks and dissolv-
ing in acetone. The stock standard solutions were stored 
at −20 °C. A single composite working standard solution 
was prepared by combining aliquots of each stock solution 
and diluting in acetonitrile to obtain a final concentration of 
1 mg L−1. The working standard solution was also stored 
at −20 °C and before each use was left to reach room tem-
perature. Two series of calibration standards were prepared 
within the range 10–200 μg L−1 by serial dilution in ace-
tonitrile and tomato extract.

Preparation of Matrix Extract

The extraction procedure used for the preparation of the 
matrix extract was based on the “QuEChERS” method 
protocol for fruits and vegetables [22]. A 10 g portion 
of homogenized tomato was weighed in a 50 mL PTFE 
centrifuge tube, 10 mL of acetonitrile was added and the 
tube was vigorously shaken for 1 min. A mixture of 1 g of 
NaCl, 4 g of MgSO4, 1 g of trisodium citrate dehydrate and 
1 g of disodium hydrogen citrate sesquihydrate was added 
and the tube was vigorously shaken for 1 min or more to 
prevent coagulation of MgSO4. The sample was then cen-
trifuged at 4,000 rpm for 5 min. An aliquot of 6 mL of the 
acetonitrile phase was transferred into a 15 mL centrifuge 
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tube containing 150 mg of PSA and 900 mg of MgSO4. 
The tube was shaken vigorously for 1 min and centri-
fuged for 5 min at 4,000 rpm. An aliquot of 5 mL of the 
cleaned-up extract was transferred into a screw cup stor-
age vial, taking care to avoid sorbent particles from being 
carried over. The extract was used for the preparation of 
matrix-matched calibration standards by serial dilutions as 
described above.

Gas Chromatography

Aliquots of 5 μL of sample extract were injected into the 
gas chromatograph. The initial injector temperature 90 °C 
was held for 0.75 min and then increased at 200 °C min−1 
to 280 °C, which was held for 5 min. The injector split 
ratio was first set at 30:1. After 0.75 min, splitless mode 
was set until minute 3. At 3 min, the split ratio was set at 
60:1 and at 6 min the split ratio was 30:1. The capillary 
column used for the separation of the analytes was a Var-
ian Factor Four VF-5 MS (30 m × 0.25 mm ID × 0.25 μm 
film thickness) with a deactivated cyano-phenyl-methyl 
guard column (5 m × 0.53 mm ID). The GC oven temper-
ature program started from 70 °C (2 min), increased with 
30 °C min−1 to 180 °C, then with 1.8 °C min−1 to 230 °C 
and finally with 30 °C min−1 to 280 °C (30 min). The tem-
peratures of the manifold and the transfer line were 280 
and 40 °C, respectively, and the electron multiplier was set 
at 1500 V.

Ionization

With electron ionization (EI), the ion source parameters 
were the following: ion source temperature 250 °C, fila-
ment current 50uA, electron energy 70 eV. With nega-
tive chemical ionization, the ion source temperature was 
180 °C, CI gas pressure 6.2 Torr, filament current 50 uA 
and electron energy −70 eV. The source temperature in 
both cases of EI and NCI were determined after optimiza-
tion study for the best signal of the analytes.

Mass Spectrometry

The parameters for the three mass spectrometric modes 
used were: (a) full scan (MS) with scanning range 50–
1,000 amu and dwell time 1 min, (b) selective ion moni-
toring (SIM) using only the first quadrupole for mass 
separation, (c) multiple reaction monitoring (MRM) 
using Q1 and Q3 for mass separation and Q2 as a colli-
sion cell filled with Ar at 1.5 mbar. Su =

SArea/C

b
 The MS 

and MS/MS optimization was conducted for both CI 
and EI mode separately, since the ions formed in each 
case are not identical in most cases. During the optimi-
zation procedure, multiple injections of each analyte at a 

concentration of 100 μg L−1 and different electron energy 
and collision energy values were preformed. MS and MS/
MS spectra were acquired to obtain information about 
the maximum abundance of each ion or ion transition for 
each compound.

In both CI and EI modes, the optimum electron energy 
was 70 eV and the optimum collision energy between 5 
and 70 eV, depending on the analyte. The retention times 
(RT), ions and transitions of each analyte are presented in 
Table 1.

Experimental Design

To estimate the effect of the three variable parameters 
(matrix, ionization and MS technique) on the key perfor-
mance characteristics under study (linearity, sensitivity), 
a series of calibration standards in solvent and a series of 
calibration standards in matrix extract were injected in the 
chromatographic system under the same conditions, as 
summarized in Table 2.

For data processing of the chromatograms, the Varian 
MS Workstation software version 6.8 was used, and for sta-
tistical analysis of the data Microsoft Excel 2007. The sta-
tistical evaluation of the data was conducted using the peak 
area of each peak.

To verify the accuracy of the measurements, control 
chart monitoring during the whole experimental period was 
preformed. The control charts were constructed by inject-
ing for 15 days a quality control standard solution (QCS) of 
the analytes diazinon, chlorpyrifos ethyl, α-endosulfan and 
lambda-cyhalothrin at 10 μg L−1 in acetonitrile. The reten-
tion time, ion ratio and peak area were recorded and for 
each parameter the control limits were set at 2 and 3 times 
the standard deviation(s). To ensure the system suitability 
before the beginning of the experiment and every ten injec-
tions, a QCS was injected. No exceedance above 3 s was 
observed and therefore the measurements are considered to 
be valid.

Linearity

Linearity of the methods was evaluated at five concentra-
tion levels: 10–25–50–100 and 200 μg L−1.

Pair Comparisons: Significance of Influence of Parameters 
on Sensitivity

To study if the two different ionization modes (NCI and EI) 
significantly influence the sensitivity (i.e., gradient of the 
calibration curve) of the detector to the analytes, the slopes 
of the calibration lines obtained by each ionization mode 
were compared using a Student’s t test. In the same way, 
the three different MS modes (full scan, SIM and MRM) 
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were compared as well as the two different matrices (sol-
vent and tomato).

The calculated value tcal used for the comparisons is 
defined in the following equation:

with b1 and b2 the slopes of the two calibration lines com-
pared and Sb1and Sb2 the standard deviation of the slopes. 
If the calculated value tcal is smaller than the theoretical 
value (ttheo) of 2,306 (df = 5 + 5 − 4 = 6, two-sided criti-
cal region, probability 95 %), then there is no significant 
difference between the two calibration lines (accepted null 
hypothesis).

Pair Comparisons: Estimation of Magnitude of Difference

To estimate the magnitude of the difference between two 
parameters, paired comparison between the slopes of the 
calibration lines of these parameters were performed. 
The null hypothesis is that the effect of this parameter is 
not significant. The magnitude of the difference (diff) 
expressed in % sensitivity enhancement or reduction [24] 
was estimated as:

where the parameter factor (PF) is calculated with the fol-
lowing equation:

and b1 and b2 are the slopes of the calibration lines of the 
analytes, respectively.

(1)
tcal =

|b1 − b2|
√

S
2
b1 − S

2
b2

diff(% ) = (PF−1) × 100,

(2)PF =
b1

b2

Results and Discussion

Linearity

As shown in Fig. 1, in most cases the analytes presented 
acceptable linearity with correlation coefficients (r) bet-
ter than 0.95. In solvent, CI–SIM and EI–MS/MS seem to 
perform better for r > 0.98. However, in matrix it is only 
EI–MS/MS that retains good performance and CI–MS/MS 
seems to perform better in matrix than in solvent. The poor-
est linearity was observed in the cases of EI–full scan and 
EI–SIM when the analytes were in matrix. The results are 
in accordance with the findings of Huskova et al. [13] who 
reported better performance in PRA for CI–SIM compared 
to EI–SIM, with better linearity expressed as correlation 
coefficient r as well as better sensitivity and repeatability.

With EI–MS–full scan, the percentage of the analytes 
with r values below 0.9 was 29 % in solvent and 36 % in 
matrix. With EI–SIM the corresponding values were 14 
and 43 %. It is obvious from Fig. 1 that CI–MS/MS and 
EI–MS/MS perform better in matrix with a linearity cor-
relation coefficient r better than 0.95 for 75 and 79 % of the 

Table 2  Experimental design combinations of different ionization 
and MS scan modes

Batch no. Variability parameters

Matrix Ionization mode MS scan mode

1 Solvent (no matrix) EI Full scan

2 SIM

3 MRM

4 CI Full scan

5 SIM

6 MRM

7 Matrix (tomato) EI Full scan

8 SIM

9 MRM

10 CI Full scan

11 SIM

12 MRM
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Fig. 1  Linearity in solvent (a) and matrix (b): axis y represents the 
percentage of analytes that exhibited better correlation coefficient r 
than the figure in axis x. The total percentage is given for each figure 
for the differences between the techniques to be more apparent
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tested pesticides, respectively. However, it must be under-
lined that EI–MS/MS is the only method that performs 
almost equally in both matrix and solvent as far as corre-
lation coefficients better than 0.99, 0.98 and 0.95 are con-
cerned, implying robustness to matrix effect.

Statistical Evaluation of the Results

Significant differences in sensitivity were observed between 
the ionization modes, MS modes and the two matrices 
for most of the analytes. The MS technique (95.2 %), the 
ionization (91.1 %) and the matrix (57.2 %) were found 
to affect significantly the sensitivity of the methods. The 
variation due to the presence of the matrix is observed in 
approximately half (57.2 %) of the comparisons preformed, 
in contrast to the other parameters for which the variation is 
significantly higher in almost the total of the comparisons 
conducted. In most cases for organochlorines (69.6 %), no 
significant matrix effect was observed. These percentages 
are lower for organophosphorus (42.1 %), pyrethrinoids 
(50 %) and for other chemical classes (49.2 %).

Comparison of MS Determination Techniques

To estimate the significance of the effect of the MS tech-
nique on sensitivity, the three different techniques (full 
scan, SIM and MS/MS) were compared in pairs and the 
differences were estimated as % sensitivity increase or 
decrease. In Fig. 2, a graphical presentation of the sen-
sitivity variations from pair comparison of the MS tech-
niques in EI and CI ionization in solvent and matrix are 
presented.

Comparing full scan and SIM, in CI mode, the major-
ity of the analytes diluted in solvent (95 %) showed higher 
sensitivity with the full scan technique and only 4 % of 
the analytes higher sensitivity in SIM. The enhancement 
(increase) in sensitivity using full scan compared with SIM 
was over 1,000 % for 89 % of the analytes. As a matter of 
fact, all organochlorine, organophosphorus and pyrethri-
noid pesticides in solvent and in matrix when analyzed 
with CI–full scan presented 1,000 % enhanced (increased) 
sensitivity than when analyzed with CI–SIM. This is attrib-
uted to the fact that mass spectra produced by CI usually 
contain a smaller number of fragments [11]. For the ana-
lytes that were more sensitive with SIM (4 %), the differ-
ence (increase) in sensitivity was between 50 and 100 %. 
Similar results were observed for the analytes diluted in 
matrix.

In the EI mode, the analytes which show higher sensitiv-
ity in full scan and SIM are approximately 80 and 20 %, 
respectively. However, for the analytes that present bet-
ter sensitivity in full scan the enhancement is more than 
500 %, while for the analytes with better performance in 

SIM the same figure lies between 50 and 100 %. At group 
level, all organochlorines in solvent present more than 
1,000 % better sensitivity with full scan mode in compari-
son with SIM.

Between the full scan and MS/MS in CI mode, the 
majority of the analytes (93 %) in solvent presented more 
than 500 % better sensitivity in the full scan mode. The 
remaining 6 % of analytes exhibited 50–100 % better sen-
sitivity with MS/MS than when analyzed with full scan. 
The corresponding numbers in matrix are very similar, 91 
and 4 %. Organochlorine, organophosphorus and pyrethri-
noid pesticides in solvent and in matrix when analyzed 
with CI–full scan presented an increase of more than 
1,000 % in sensitivity in most cases compared to CI–MS/
MS. As reported by Alder et al. [11], these three pesti-
cide classes are the ones on which chemical ionization is 
focused on.

Contrary to CI, in the EI mode, the majority of the ana-
lytes (68 % both in solvent and matrix) presented higher 
sensitivity in the MS/MS mode. The remaining analytes 
were more sensitive with the full scan technique. How-
ever, as seen in Fig. 2, the differences in sensitivity that 
arise from the comparison of the two techniques are not as 
intense as in the previous cases. From the experiments, it 
was made clear that when in matrix, organochlorines have 
better sensitivity with the MS/MS technique. For organo-
phosporus pesticides, both in solvent and in matrix, no 
clear differences were detected from the comparison of 
the two techniques. All pyrethrinoids were more sensitive 
to MS/MS with difference of up to 100 % when compared 
with full scan. Flucythrinate is the sole exception, being 
more sensitive with full scan in matrix.

Comparing the two techniques (SIM and MS/MS) where 
a pre-selection of ions is required, in CI mode 65 % of 
the analytes in solvent performed better in SIM. This fig-
ure drops slightly when the analytes are in matrix (57 %). 
All organochlorine analytes are more sensitive to SIM, in 
contrast to organophoshorus and pyrethrinoids which are 
spread between SIM and MS/MS equally.

Most notably, in EI mode, all analytes both in solvent 
and matrix present higher sensitivity in the MS/MS tech-
nique with an increase up to 100 % for most of them. This 
is very well represented in Fig. 2 and  3, where the black 
columns (rods) have their higher values corresponding to 
EI–MS/MS in both solvent and matrix. This explains why 
it is the most used ionization mode for the determination of 
pesticides in food [1].

Comparison of the Two Ionization Modes

For an estimation of the significance of the ionization mode 
in sensitivity, the two different ionization modes, EI and 
CI, were compared and the differences were estimated as 
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% increase or decrease of sensitivity. In Fig. 3, a graphical 
presentation of the sensitivity variations from pair compari-
son of EI and CI with the three MS techniques in both sol-
vent and matrix are presented.

As obvious from Fig. 3, the sensitivity of the analytes 
was found to be higher in CI when the analytes were 

detected using full scan and SIM either in solvent or in 
matrix. On the contrary, when MS/MS was applied, a 
significant percentage of the analytes (52 % in solvent 
and 47 % in matrix) presented higher sensitivity in EI 
mode. This is in accordance with reported results in 
literature and is attributed to the fact that mass spectra 
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Fig. 2  Graphical presentation of the sensitivity variations from pair 
comparison of the MS modes in EI and CI ionization in solvent and 
matrix: The first and second MS mode that are compared in each 

category of the x axis are refered to as A and B. By convention, the 
terms “increase” refers to enhanced sensitivity of mode A and the 
term “decrease” refers to enhanced sensitivity of mode B
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produced by CI usually contain a smaller number of 
fragments [11].

At group level, all of the organochlorine pesticides 
detected with MS/MS presented greater sensitivity in the 
EI in comparison with CI with an enhancement ranging 
between 50 and 100 %.

Assessment of Matrix Effect

To estimate the influence of the matrix in sensitivity, two 
different batches of working solutions were compared and 
the differences were estimated as % sensitivity increase or 
decrease. In Fig. 4, a graphical presentation of the sensi-
tivity variations from pair comparison of the solvent and 

matrix in the two ionization modes and with the three MS 
techniques are presented.

In most cases, the sensitivity of the analytes is 
enhanced when they are diluted in matrix. This is also 
reported by Hernandez et al. [1]. The sensitivity of the 
analytes varies depending on the ionization and MS tech-
nique. In CI mode, 65 % of the analytes determined with 
full scan, 89 % with SIM and 86 % with MS/MS exhibit 
better sensitivity when diluted in matrix. In most cases 
for full scan and SIM, the difference in sensitivity of the 
analytes when analyzed in matrix and in solvent is up to 
50 % except in the case of MS/MS, in which the differ-
ence is up to 100 %. Similar behavior is observed in EI 
mode, in which 44 % of the analytes determined with 
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full scan, 59 % with SIM and 51 % with MS/MS present 
higher sensitivity when diluted in matrix. Likewise, the 
increase is up to 50 % in most cases, except in full scan 
in which 23 % of the analytes present increase between 
50 and 100 %.

At group level, organochlorines present higher sen-
sitivity in matrix in CI mode and higher sensitivity in 
solvent with EI mode. Pyrethrinoids present higher 
sensitivity in solvent in both ionization modes with 
an increase up to 100 %. Organophosphorus presents 
higher sensitivity in solvent in CI and EI modes with an 
increase up to 50 % and in CI–MS/MS up to 100 % and 
higher sensitivity in matrix in EI–SIM with an increase 
up to 100 %.

Conclusions

Analyses with MS/MS present very good correlation coef-
ficients r for linearity of response both in EI and CI with the 
analytes in tomato matrix. MS/MS also proved to be more 
sensitive than SIM in EI mode in both solvent and matrix. 
In CI mode it was vice versa, with SIM being more sensi-
tive than MS/MS in both solvent and matrix. In comparison 
to full scan, SIM proved to be more sensitive in CI, but not 
in EI mode in which the opposite behavior was observed. 
In addition, full scan proved to be more sensitive than SIM 
in CI mode, but with the EI mode the variation between the 
analytes did not lean toward either technique. Comparing 
ionization modes, CI proved to be more sensitive than EI 
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in all cases. Regarding one of the most crucial analytical 
problems, in most cases the sensitivity of the analytes is 
enhanced when diluted in matrix regardless of MS or ioni-
zation technique. The findings are in accordance with the 
reported results in literature.
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