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Abstract A rapid, simple, and sensitive multiresidue meth-
od for analysis of 53 pesticides in fruit and vegetables by
ultra-performance liquid chromatography (UPLC) coupled to
triple-quadrupole tandem mass spectrometry (MS-MS) has
been developed and validated. Prior to analysis, analytes
were extracted by use of buffered QuEChERS (quick, easy,
cheap, effective, rugged, safe) methodology without further
cleanup for non fatty matrices. Chromatographic conditions
were optimised in order to achieve a fast separation in
multiple reaction monitoring (MRM) mode. Indeed, more
than 50 pesticides can be separated in less then 10 min. Four
common representative matrices (cucumber, orange, straw-
berry, and olive) were selected to investigate the effect of
different matrices on recovery and precision. Mean recover-
ies ranged from 70 to 109% with relative standard deviations
lower than 20% for all the pesticides assayed in the four
selected matrices. The method has been applied to the
analysis of 200 vegetable samples, and imidacloprid was the
pesticide most frequently found, with concentrations ranging
from 0.01 to 1.00 mg kg−1. This methodology combines the
advantages of both QuEChERS and UPLC-MS-MS produc-
ing a very rapid, sensitive, and reliable procedure which can
be applied in routine analytical laboratories.

Keywords UPLC . Sample throughput . Tandemmass
spectrometry . QuEChERS . Vegetables . Pesticides

Introduction

Pesticides are among the most investigated priority pollutants
in agricultural products due to their wide use and toxicity.
The control of pesticide residues in food for commercial
purposes involves many samples and pesticide residue
analyses are usually costly and time-consuming, hence
multiresidue methods are usually applied in regulatory
pesticide monitoring because they increase the productivity
of laboratories and reduce the cost of analysis.

During recent years, a number of papers have been
published on the analysis of pesticides, and some of their
degradation and transformation products, by gas chromatog-
raphy coupled to tandem mass spectrometry (GC-MS-MS)
[1–3] and liquid chromatography (LC)-MS-MS [4–7],
providing good sensitivity, selectivity, and efficiency. Now-
adays, LC-MS-MS is replacing GC methodologies, since
pesticides are often more polar and less volatile, and it has
been accepted as a routine technique for regulatory moni-
toring purposes in pesticide residue analysis [8].

The main drawbacks of the most commonly used
procedures are that they require too much labour and time,
and use large amounts of hazardous solvents [9]. For a
method to be practical, it is necessary to consider cost of
analysis, including reagents, equipment, labour, and envi-
ronmental restrictions [10]. That is why high-throughput
analyses are specially desired for rapid screening of
numerous samples in routine laboratory analysis using fast
and environmentally friendly methods.

Pesticide residue analysis methods involve two steps:
extraction of target analytes from the matrix and chromato-
graphic separation and determination; sample preparation is
the bottleneck in the analysis of pesticide residues.
Traditionally the extraction of pesticides from vegetables
has been carried out by homogenization with organic
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solvent such as ethyl acetate [11] usually in a shaking
apparatus or using a Polytron homogenizer [12]. In general,
these methods are complicated, time-consuming, expensive,
and require large amounts of solvents, so several
approaches have been proposed to increase the performance
of sample extraction, such as pressurized liquid extraction
[13], microwave assisted extraction [13], and the QuECh-
ERS (quick, easy, cheap, effective, robust, safe) method
[14, 15]. This last technique minimises the number of
sample-preparation steps and has become very popular in
the last few years since it has been shown to be a powerful
technique in analysis of pesticide residues in foodstuffs
[16–18] and other compounds, for example drugs, in blood
[19]. This methodology is based on the extraction of
pesticides from the sample with acetonitrile. Removal of
residual water and clean-up are performed simultaneously by
using a rapid procedure, called dispersive solid-phase
extraction [14], in which anhydrous MgSO4 and primary-
secondary amine (PSA) sorbent are added before determi-
nation, reducing analysis cost, labour, waste, and glassware
and increasing sample throughput.

The separation step also requires considerable time so it
is mandatory to use fast analytical methodologies. In order
to reduce chromatographic analysis time, several strategies
have been used. Thus, different alternatives based on
altering the basic geometric structure of the stationary
phase (silica and polymer monoliths) [20] or exploiting the
physicochemical conditions of the mobile phase (such as
reducing the viscosity of the mobile phase by operating at
higher temperatures) have been proposed [21]. Finally a last
possibility, which has become very popular in the last few
years, is the use of columns filled with particles of size
below 2 μm, in what has been called “ultra-performance
liquid chromatography” (UPLC) [22, 23]. This technique
takes advantage of the flat nature of the van Deemter plot
for stationary phases formed by particles smaller than
2 μm, generating higher chromatographic performance, and
improving resolution, speed, and sensitivity [24]. The
combination UPLC-MS-MS provides significant advan-
tages concerning selectivity, sensitivity, and speed. Up to
now, UPLC has been mainly applied to pharmaceutical and
metabolomic fields [25–28]; few papers have been found
for the determination of pesticides in food samples [29–32].

Considering these characteristics, UPLC can therefore
provide high sample throughput and good sensitivity when it
is combined with QuEChERS extraction procedure. Further-
more, sample pretreatment can be minimized when MS-MS
detection is used, so some modifications of the QuEChERS
procedure are proposed in this work, such as eliminating a
clean up step and reducing sample preparation.

Thus, in this paper, a rapid multiresidue method has
been developed which uses UPLC-MS-MS with an
electrospray interface (ESI) and an extraction procedure

based on QuEChERS methodology for the determination
of 53 multiclass pesticides which are commonly used in
southeast Spain. Some of these pesticides, for example
thiamethoxam, fensulfothion, azaconazole, spinosad, flu-
talonil, and trycresyl phosphate, have not previously been
investigated by use of QuEChERS. In order to evaluate
the applicability of the proposed procedure, sample
matrices representative of a variety of fruits and vegeta-
bles, following SANCO European guidelines [33, 34],
have been selected. Thus cucumber was chosen as a
representative commodity with a high water content,
orange as a fruit with a high acid content, strawberry as
a commodity with a high sugar content, and olive as a
commodity with a high fat content. The high resolving
capacity of the UPLC method combined with the fast
sample preparation approach will offer significant benefits
for pesticide residues analysis in food, which can be used
in routine laboratories.

Experimental

Chemicals and reagents

Pesticide reference standards (purity higher than 99%) were
purchased from Dr Ehrenstofer (Augsburg, Germany) and
Riedel-de Haën (Seelze-Hannover, Germany). Stock standard
solutions of individual compounds (with concentrations
ranging from 200 and 300 mg L−1), were prepared by exact
weighing of the powder and dissolution in 50 mL methanol,
acetonitrile, or acetone. They were stored at 4 °C in the dark,
for no more than 4 months, checking that no changes in their
concentrations were detected within this period. A multi-
component working standard solution (2 mg L−1 concentra-
tion of each compound) was prepared by appropriate dilution
of the stock solutions with methanol; this solution was stored
under refrigeration at 4 °C. Anhydrous sodium sulphate,
sodium hydroxide, acetic acid (content >97%), formic acid
(content >98%), and ammonium acetate were obtained from
Panreac (Barcelona, Spain). Primary-secondary amine (PSA)
bonded silica (100 g, bulk) was supplied by Supelco
(Bellefonte, PA, USA). Varian (Harbor City, CA, USA)
500 mg Florisil cartridges were used for clean-up of fatty
matrices. Methanol, acetone, and acetonitrile (pesticide
residue grade solvent) were purchased from Panreac. Highly
purified water (Milli-Q, Millipore, Bedford, USA) was used
throughout for the preparation of buffers, mobile phase, and
other reagents.

Apparatus

Chromatographic analyses were performed with an Acquity
UPLC system (Waters, Milford, MS, USA) and separations
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were achieved using an Acquity UPLC BEH C18 column
(100×2.1 mm, 1.7-μm particle size) from Waters.

MS-MS detection was performed on a Micromass
Quattro Premier tandem quadrupole mass spectrometer
(Waters, Manchester, UK). The instrument was operated
using an electrospray (ESI) source in positive mode. The
ionisation source parameters were: capillary voltage 3.0 kV,
extractor voltage 5 V, source temperature 110 °C, desolva-
tion temperature 350 °C, cone gas flow 80 L h−1 and
desolvation gas flow 600 L h−1 (both gases were nitrogen).
Collision-induced dissociation was performed using argon
as collision gas at a pressure of 4×10−3 mbar in the
collision cell. The multiple reaction monitoring (MRM)
transitions and the cone and collision energy voltages
applied are summarized in Table 1. Data acquisition were
performed using MassLynx 4.0 software with QuanLynx
software (Waters).

Centrifugation was performed with a high-volume centri-
fuge equipped with a bucket rotor (4×250 mL) from Orto
Alresa, Mod. Consul (Madrid, Spain). A Heidolph model
Reax 2000 vortex mixer and an analytical AB204-S balance
(Mettler Toledo, Greinfesee, Switzerland) were used. All pH
measurements were made with a Crison Basic 20 pH-meter
(Insulab, Valencia, Spain) equipped with a combined AgCl-
glass electrode assembly. A Braum MX 32 kitchen blender
(Barcelona, Spain) was used to process samples.

Extraction procedure

Pesticides were extracted from non-fatty fruit and vegeta-
bles using an extraction procedure based on the buffered
QuEChERS procedure [16]. Briefly, 1 kg sample was
reduced by half by quartering and using two opposite
quarters. These quarters were homogeneously mixed with a
blender until the texture of the sample was homogeneous,
and ca 200 g was transferred to a screw-top container. A
representative subsample (10 g) was then weighed in a
polypropylene centrifuge tube (40 mL), 10 mL 1% of acetic
acid in acetonitrile solution was added, and the mixture was
vortex mixed for 1 min. Afterwards, 4 g anhydrous
magnesium sulfate and 1 g ammonium acetate were added
and the tubes were shaken immediately for 1 min. After
centrifugation at 4,300 g for 5 min the supernatant was
analysed by UPLC-MS-MS.

For the extraction of pesticides from fatty matrices, after
the centrifugation step, the upper layer was transferred on to a
Florisil cartridge, collecting the cleaned extract. Finally, 1 mL
was transferred to a vial and analysed by UPLC-MS-MS.

Chromatographic analysis

The standards and sample extracts were separated by UPLC
with a mobile phase gradient prepared from 0.01% formic

acid in water (eluent A) and methanol (eluent B). The
gradient profile started at 90% eluent A and decreased linearly
to 10% in 5 min. This composition was held for a further
2 min before being returned to the initial conditions in
0.5 min, followed by a re-equilibration time of 2.5 min,
giving a total run time of 10 min. The column temperature
was maintained at 30 °C and the flow rate was 0.35mLmin−1.
The injection volume was 5 μL.

Validation study

Four validation data sets were carried out for each type of
sample, based on the European SANCO guideline [34] and
European Commission Decision 2002/657 [35]. Linearity
was studied using matrix-matched calibration by analysing
samples of orange, strawberry, cucumber, and olive spiked
at four concentrations between 10 and 500 μg kg−1 (10, 50,
150, and 500 μg kg−1). Precision and accuracy of the
method were tested with spiked samples of each commod-
ity. Thus, recovery and repeatability were evaluated at three
concentrations (11.5, 50, and 150 μg kg−1), analyzing six
replicates for the lowest and highest levels and five for the
middle level. Interday precision was evaluated at 11.5 μg
kg−1. For that purpose, five spiked samples were analysed
daily for a period of 6 days. Furthermore, limits of
detection (LOD) and quantification (LOQ), and uncertainty,
were also evaluated in the four matrices.

Samples

For development of a multiresidue method applicable to a
variety of vegetable matrices, blank samples of four types
of commodity were obtained from local organic produce
stores and used to prepare fortified samples and matrix-
matched calibration standards for validation purposes.
Thus, orange was selected as a food commodity with high
acidity, strawberry as a high sugar-content commodity,
cucumber as high water-content commodity, and olive as a
representative matrix with a high fat content.

Samples of the different matrices were obtained from
greenhouses located in the province of Almeria (southeast
of Spain) and were analysed within 24 h.

Results and discussion

Selection of MS-MS conditions

To optimise the MS-MS conditions for each analyte, experi-
ments were carried out by infusion of a standard solution of
15 mg L−1 of each pesticide using electrospray ionisation in
positive mode. Full-scan mass spectra and MS-MS spectra
were acquired in order to obtain at least one precursor and
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Table 1 UPLC-MS-MS conditions and retention time windows (RTWs) for the pesticides analysed

No. Pesticide RTW (min) Precursor ion (m/z) Product ion (m/z)a Cone voltage (V) Collision energy (eV)

1 Pymetrozine 1.45–1.60 218 105 20 20
79 20 35

2 Propamocarb 1.59–1.73 189 102 20 17
74 20 23

3 Oxamyl 1.96–2.09 220 90 5 5
72 5 5

4 Nitenpyram 1.97–2.11 271 225 20 10
99 20 17

5 Methomyl 2.18–2.30 163 106 20 10
88 20 10

6 Carbendazim 2.26–2.40 192 160 30 15
132 30 30

7 Thiamethoxam 2.29–2.42 292 181 25 25
132 25 25

8 Monocrotophos 2.38–2.52 224 193 15 8
127 15 14

9 2,6-Dichlorobenzamide 2.39–2.52 190 173 30 16
145 30 26

10 Thiabendazole 2.59–2.73 202 175 20 30
131 20 30

11 Imidacloprid 2.69–2.84 256 209 25 15
175 25 15

12 Vamidothion 2.91–3.04 288 146 15 13
118 15 20

13 Acetamiprid 2.97–3.11 223 126 25 18
56 25 18

14 Cymoxanil 3.17–3.31 199 128 20 10
111 20 20

15 Thiacloprid 3.25–3.38 253 186 25 16
126 25 16

16 Aldicarb 3.50–3.60 208 116 10 12
89 10 12

17 Thiophanate methyl 3.87–4.01 343 160 25 25
151 25 15

18 Carbofuran 3.92–4.05 222 165 20 14
123 20 20

19 Bendiocarb 3.92–4.06 224 167 20 10
109 20 15

20 Ofurace 3.94–4.08 282 254 20 15
160 20 25

21 Carbaryl 4.10–4.24 202 145 10 6
127 10 30

22 Imazalil 4.11–4.25 297 201 20 25
159 20 20

23 Fensulfothion 4.43–4.56 309 281 30 15
157 30 26

24 Fenpropimorph 4.53–4.66 304 147 10 30
97 10 35

25 Ethoxyquine 4.54–4.66 218 174 20 30
160 20 30

26 Azaconazole 4.54–4.68 300 231 20 16
159 20 23

27 Spiroxamine 4.62–4.76 298 144 25 20
100 25 33

28 Diethofencarb 4.71–4.85 268 226 20 10
152 20 20
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Table 1 (continued)

No. Pesticide RTW (min) Precursor ion (m/z) Product ion (m/z)a Cone voltage (V) Collision energy (eV)

29 Methiocarb 4.85–4.99 226 169 20 20
121 20 20

30 Flutalonil 4.88–5.03 324 262 27 20
242 27 25

31 Paclobutrazol 4.90–5.03 294 125 25 30
70 25 20

32 Promecarb 4.92–5.06 208 151 15 10
109 15 13

33 Cyprodinil 4.96–5.10 226 108 20 30
93 20 30

34 Triazophos 5.02–5.16 314 162 25 18
119 25 30

35 Iprovalicarb 5.04–5.18 321 203 20 8
119 20 15

36 Triadimenol 5.10–5.23 296 99 16 15
70 16 8

37 Fenhexamide 5.10–5.25 302 97 25 25
55 25 30

38 Diphenylamine 5.11–5.25 170 152 20 25
93 20 25

39 Spinosad 5.17–5.30 732 142 30 25
545 142 30 25

40 Epoxiconazole 5.20–5.34 330 141 25 20
121 25 20

41 Fenbuconazole 5.19–5.33 337 125 30 20
70 30 25

42 Diflubemzuron 5.26–5.40 311 158 20 12
141 20 23

43 Flusilazol 5.28–5–39 316 247 25 20
165 25 20

44 Diclobutrazol 5.33–5.45 328 159 30 30
70 30 20

45 Triflumuron 5.47–5.62 359 156 25 17
139 25 35

46 Bitertanol 5.52–5.66 338 269 20 10
99 20 15

47 Pencycuron 5.57–5.71 329 218 30 15
125 30 25

48 Trifloxystrobin 5.61–5.74 409 206 25 15
186 25 15

49 Triflumizole 5.68–5.82 346 278 20 10
43 20 20

50 Tebufenpyrad 5.81–5.95 334 145 25 25
117 25 35

51 Terbufos 5.85–6.00 289 103 15 8
57 15 20

52 Trycresyl phosphate 6.00–6.15 369 166 30 30
91 30 30

53 Fenazaquin 6.43–6.57 307 161 30 17
147 30 23

a The ion used for quantification purposes is indicated in bold
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two product ions for each compound for both identification
and quantification purposes, selecting the most abundant
product ion for quantification and the others as confirmation
transitions. Table 1 indicates MS-MS transitions for identi-
fication and quantification, and cone voltages and collision
energy values optimised for each of the compounds selected.
Other parameters, for example desolvation and cone gas
flow, source and desolvation temperature and capillary
voltages were studied, indicating the optimum working
conditions in the Experimental section.

UPLC-MS-MS determination

For the optimisation of a multiresidue pesticide method,
special attention must be paid to the optimisation of the LC-
MS system. Thus a suitable compromise between resolution
and analysis time should be obtained, and the MS
instrumentation should collect sufficient data across the
peak to enable reliable integration.

To separate the selected pesticides and to provide and
overall optimum response for MS-MS detection, gradient
elution was performed, using methanol and an aqueous
solution of formic acid (0.01%) as mobile phase components.
With these conditions, good separation of the selected
pesticides in less than 10 min and good MS sensitivity were
achieved. Other parameters such as flow rate, injection
volume, and column temperature were optimised in order to
get a fast and reliable separation: 0.35 mL min−1 as optimum

flow rate, 30 °C as column temperature, and 5 μL as
injection volume. Under these conditions, retention times of
the pesticides in all the matrices analysed were constant,
ranging from 1.53 (pymetrozine) to 6.50 min (fenazaquin)
with a relative standard deviation lower than 0.25% when
the same column is used.

Using these conditions, the analytes were distributed in
17 overlapping functions, using a maximum of ten
transitions (five pesticides) per function, centring the
chromatographic peak in the time window, minimizing the
risk of peak loss due to unexpected slight changes in
retention time. Bearing in mind that peak widths were
approximately 6–10 s, the number of spectral data points
across the peaks was much smaller than for conventional
HPLC, and this could be have a deleterious effect on the
spectral quality. Different dwell times (from 5 to 50 ms)
were tested to find the best detection parameters to obtain a
sufficient number of data point across the peak, observing
that negligible differences were found at low dwell times.
The optimum value selected, in order to obtain at least 15
points per peak, was 15 ms; this provided reproducible
results for determination and confirmation.

Using the conditions and parameters described in
Experimental section, a peak had more than 10 points,
which provided reproducible results for determination and
confirmation.

Figure 1 shows a representative chromatogram obtained
from standards, using the conditions described in the
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Fig. 1 Combined UPLC-MS-
MS chromatogram from a
standard mixture of pesticides
(50 μg L−1) based on quantify-
ing MS-MS transitions. The
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in Table 1. Conditions are as
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Experimental section. Complete resolution between the
pesticides was not achieved, but this can be resolved due
to the high specificity of MS-MS detection.

Selection of the extraction and clean up procedure

As already indicated before, sample extraction was carried
out following the buffered QuEChERS procedure [16].
However several modifications were included. Thus, it was
observed that when ammonium acetate was used instead of
sodium acetate before the centrifugation step, better
sensitivities and recoveries were obtained.

Acetonitrile extraction was also evaluated for different
clean up approaches for the four food commodities evaluated
in this work. Thus, for non fatty matrices, (orange,
strawberry, and cucumber) no clean up, dilution of the extract
with water, and dispersive solid phase extraction with 50 mg
PSA were necessary. When no clean up or 50 mg of PSA
were applied, recoveries ranged between 70 and 110% for all
the selected compounds. Considering that no clean up
reduces the extraction time, and good chromatograms
without interferences were obtained, no PSA was added for
clean up. Finally when the extract was diluted with water
before injection into the chromatographic system, irregular
peak shapes were obtained, so no further clean up or dilution
was carried out after the centrifugation step.

For samples with high fat content, such as olives, a clean
up procedure after extraction with acetonitrile was neces-
sary, because a small amount of fat can be coextracted
during acetonitrile extraction, even though lipids are not
very soluble in this solvent [36]. Thus, conventional solid-
phase extraction (SPE) was used, using Florisil as sorbent
[37]. In this case, a clean solution was obtained after
passing the acetonitrile extract through the Florisil car-
tridge, and this was analysed by UPLC-MS-MS. The
methodology was evaluated by spiking blank samples with
50 μg kg−1 pesticides; the results obtained are listed in
Table 2. Good recoveries were obtained for the four
matrices evaluated. It can be noted that pesticides such as
thiamethoxam, fensulfothion, azaconazole, spinosad, and
flutalonil, which have not previously been evaluated by
QuEChERS, provided good recoveries, indicating that this
extraction procedure can also be applied for these pesti-
cides. A representative UPLC-MS-MS chromatogram of
orange fortified at the 25 μg kg−1 level is shown in Fig. 2.

Finally it can be emphasized that considering the
extraction time using the approach proposed in this paper
(approx. 10 min) and the separation-detection time provide
by UPLC-MS-MS (10 min), it is possible to determine
more than 50 pesticides in one sample in less than 20 min.
UPLC combined with QuEChERS provides a valuable tool
for routine analyses, reducing analysis time and the volume
of solvent used as mobile phase.

Validation

As already indicated, a validation procedure in accordance
with the SANCO guideline [34] was carried out to evaluate
response linearity, repeatability, interday precision, accura-
cy (expressed as recovery), limits of detection and
quantification, and uncertainty for the four matrices studied
in this work-cucumber, orange, strawberry and olive.

First, the compounds were identified by searching the
appropriate retention time windows (RTWs), which were
given by the mean retention time ± three standard
deviations of the retention time of ten blank samples spiked
with a mid-level calibration standard for each compound
(Table 1). The identity was then confirmed by acquisition
of two MS-MS transitions and comparing the intensity
ratios of both (quantification and confirmation). Confirma-
tion was considered reliable if the ratio was within the
criteria laid down in the European Commission Decision
2002/657 [35]. Selectivity of the method was evaluated by
analysing unspiked samples. The absence of any signal at
the same elution time as the target pesticide suggested there
were no matrix interferences that may give a false positive
signal.

When electrospray ionisation is used, it is well known
that the presence of matrix components can affect the
ionisation of the target compounds, reducing or enhancing
the response compared with standards in solvents. There-
fore, quantification was carried out by use of matrix-
matched calibration standards prepared as described in the
Experimental section for every type of food commodity, to
counteract this matrix effect. Peak area was used as
response and good linearity was obtained for all pesticides
at concentrations within the tested interval (from 10 to
500 μg kg−1), with coefficients of determination higher
than 0.98. Deviation of the residuals of each calibration
point was also studied, checking it was always equal or
lower than 20%.

Table 2 shows the results obtained from the recovery
study; it can be observed that recoveries ranged from 70 to
109%, in agreement with previously reported results [15,
16]. Some differences can be observed between the three
levels assayed. RSD values range from 5 to 19% for the
low level (11.5 μg kg−1), from 5 to 15% for the middle
level (50 μg kg−1), and from 2 to 13% when 150 μg kg−1

was evaluated. It can also be observed that good recoveries
were obtained for the four matrices evaluated, that
recoveries did not depend on the matrix evaluated, and no
significant differences were observed. Furthermore, it can
be observed that higher RSD values were obtained when
olive was used as matrix, because a clean up step has to be
introduced to remove fat from the samples. In summary,
despite the well-established RSD threshold of 20%,
repeatability was below 10% for 17 pesticides in cucumber,
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Table 2 Recovery values (%), with relative standard deviations (%) in parentheses

Pesticide Cucumber Strawberry Orange Olive

Lowa Middleb Highc Lowa Middleb Highc Lowa Middleb Highc Lowa Middleb Highc

Pymetrozine 85 (14) 91 (15) 90 (3) 75 (15) 80 (10) 82 (5) 78 (6) 81 (7) 88 (4) 74 (15) 77 (9) 95 (8)
Propamocarb 109 (16) 91 (8) 99 (4) 83 (10) 84 (7) 78 (5) 92 (14) 99 (12) 90 (12) 107 (7) 107 (11) 102 (8)
Oxamyl 89 (12) 90 (10) 92 (7) 80 (15) 79 (13) 83 (10) 78 (16) 97 (10) 84 (12) 77 (19) 82 (9) 92 (7)
Nitenpyram 82 (9) 75 (9) 84 (6) 72 (16) 73 (13) 79 (11) 73 (6) 78 (5) 76 (7) 70 (19) 85 (8) 80 (9)
Methomyl 73 (12) 92 (6) 79 (6) 94 (11) 89 (10) 92 (6) 82 (8) 97 (8) 101 (5) 103 (14) 87 (11) 80 (8)
Carbendazim 82 (10) 94 (10) 82 (6) 89 (12) 90 (8) 94 (3) 104 (12) 85 (10) 84 (5) 90 (13) 85 (13) 75 (4)
Thiamethoxam 84 (12) 86 (9) 90 (4) 80 (14) 82 (10) 82 (8) 82 (10) 79 (8) 85 (6) 110 (17) 86 (15) 87 (10)
Monocrotophos 73 (10) 90 (10) 82 (4) 72 (5) 75 (4) 87 (4) 70 (13) 85 (7) 78 (3) 103 (15) 88 (14) 87 (5)
2,6-Dichlorobenzamide 83 (8) 98 (9) 95 (9) 81 (16) 80 (12) 110 (6) 96 (12) 88 (4) 83 (4) 108 (13) 82 (10) 79 (7)
Thiabendazole 73 (14) 96 (14) 86 (6) 103 (14) 103 (15) 93 (8) 103 (10) 100 (6) 83 (6) 90 (12) 99 (9) 79 (7)
Imidacloprid 89 (7) 93 (16) 73 (10) 78 (13) 83 (12) 97 (6) 71 (8) 88 (5) 101 (6) 110 (6) 99 (8) 89 (3)
Vamidothion 70 (12) 82 (10) 83 (8) 78 (14) 84 (12) 90 (10) 73 (14) 96 (9) 84 (6) 95 (11) 97 (7) 79 (6)
Acetamiprid 70 (9) 99 (7) 89 (5) 99 (9) 100 (6) 95 (6) 72 (11) 92 (8) 95 (7) 96 (14) 92 (8) 81 (9)
Cymoxanil 75 (12) 91 (10) 100 (8) 92 (16) 89 (10) 84 (7) 83 (12) 95 (10) 104 (4) 109 (12) 103 (11) 99 (9)
Thiacloprid 71 (14) 96 (8) 94 (5) 97 (9) 109 (7) 99 (7) 93 (7) 97 (7) 92 (5) 94 (15) 99 (8) 96 (9)
Aldicarb 80 (8) 81 (10) 98 (6) 79 (12) 80 (10) 84 (8) 70 (17) 99 (11) 99 (5) 74 (12) 75 (8) 80 (8)
Thiophanate methyl 78 (10) 100 (7) 101 (6) 80 (14) 79 (10) 75 (6) 79 (9) 94 (5) 100 (8) 87 (19) 96 (7) 93 (13)
Carbofuran 73 (8) 77 (7) 102 (8) 81 (9) 110 (9) 77 (4) 81 (4) 87 (5) 93 (4) 99 (13) 82 (11) 92 (9)
Bendiocarb 79 (12) 80 (12) 103 (10) 97 (7) 71 (8) 94 (4) 81 (16) 102 (8) 103 (5) 71 (18) 77 (12) 80 (9)
Ofurace 70 (11) 84 (9) 97 (5) 100 (17) 110 (10) 90 (5) 77 (7) 98 (5) 98 (5) 93 (12) 83 (11) 81 (11)
Carbaryl 73 (6) 105 (7) 99 (5) 80 (14) 90 (12) 87 (10) 72 (12) 91 (7) 93 (5) 89 (18) 82 (11) 101 (10)
Imazalil 80 (8) 98 (4) 77 (5) 80 (10) 79 (8) 74 (5) 86 (6) 96 (5) 94 (5) 73 (18) 75 (13) 79 (12)
Fensulfothion 79 (9) 97 (7) 93 (7) 90 (5) 100 (6) 104 (3) 82 (8) 91 (7) 90 (3) 90 (18) 75 (10) 90 (9)
Fenpropimorph 74 (9) 81 (6) 89 (4) 82 (15) 79 (12) 74 (6) 74 (15) 96 (5) 80 (6) 80 (12) 80 (16) 75 (9)
Ethoxyquine 78 (17) 79 (12) 80 (10) 84 (14) 88 (9) 87 (6) 92 (10) 77 (3) 84 (4) 72 (6) 97 (7) 90 (4)
Azaconazole 71 (8) 96 (6) 83 (4) 89 (14) 99 (12) 91 (4) 87 (15) 88 (7) 83 (4) 97 (4) 89 (6) 85 (3)
Spiroxamine 70 (10) 99 (5) 91 (7) 106 (8) 108 (7) 95 (4) 91 (10) 89 (10) 87 (5) 70 (15) 80 (9) 80 (10)
Diethofencarb 70 (10) 101 (8) 84 (5) 100 (7) 80 (7) 105 (6) 74 (11) 95 (7) 97 (6) 78 (13) 78 (9) 92 (7)
Methiocarb 72 (9) 96 (8) 80 (6) 94 (12) 95 (10) 103 (6) 72 (6) 94 (6) 83 (5) 70 (16) 70 (12) 80 (13)
Flutalonil 82 (10) 81 (7) 101 (5) 80 (12) 74 (10) 82 (6) 98 (8) 86 (9) 81 (6) 77 (15) 83 (10) 103 (8)
Paclobutrazol 78 (15) 98 (9) 86 (8) 90 (9) 93 (6) 95 (4) 87 (10) 91 (7) 89 (4) 89 (8) 89 (5) 103 (5)
Promecarb 75 (15) 71 (12) 87 (5) 101 (10) 76 (10) 95 (9) 70 (11) 88 (7) 80 (5) 76 (10) 83 (10) 108 (8)
Cyprodinil 85 (13) 95 (7) 92 (8) 100 (11) 98 (10) 102 (8) 83 (13) 82 (7) 80 (7) 77 (13) 75 (9) 88 (5)
Triazophos 71 (11) 98 (9) 89 (6) 90 (12) 98 (9) 85 (7) 82 (10) 94 (8) 78 (5) 107 (9) 97 (7) 95 (4)
Iprovalicarb 73 (8) 78 (8) 87 (6) 99 (9) 89 (9) 94 (5) 91 (10) 97 (8) 92 (8) 93 (6) 112 (7) 106 (4)
Triadimenol 70 (15) 79 (12) 73 (10) 92 (10) 86 (9) 103 (5) 74 (13) 92 (8) 85 (6) 109 (7) 108 (6) 95 (3)
Fenhexamide 71 (17) 94 (8) 87 (8) 74 (16) 79 (14) 107 (7) 73 (14) 81 (8) 75 (8) 99 (13) 101 (10) 86 (5)
Diphenylamine 81 (15) 72 (10) 89 (6) 92 (14) 98 (13) 86 (9) 78 (13) 90 (8) 82 (7) 89 (7) 96 (9) 78 (7)
Spinosad 72 (10) 103 (5) 88 (5) 77 (12) 79 (9) 83 (7) 83 (11) 88 (7) 88 (4) 100 (15) 102 (13) 93 (9)
Epoxiconazole 70 (14) 97 (13) 81 (12) 108 (6) 104 (7) 99 (6) 93 (8) 92 (7) 87 (4) 106 (7) 103 (7) 94 (5)
Fenbuconazole 76 (11) 75 (10) 77 (6) 110 (12) 100 (9) 91 (4) 87 (12) 90 (8) 90 (4) 99 (12) 103 (12) 94 (8)
Diflubemzuron 71 (9) 99 (10) 94 (8) 106 (13) 91 (14) 98 (10) 79 (10) 83 (7) 75 (8) 109 (14) 95 (11) 81 (12)
Flusilazol 71 (12) 95 (10) 77 (5) 78 (14) 73 (10) 80 (9) 86 (10) 85 (6) 91 (8) 97 (8) 101 (5) 90 (5)
Diclobutrazol 74 (11) 102 (9) 75 (6) 99 (14) 101 (10) 100 (5) 90 (10) 88 (7) 81 (6) 97 (5) 101 (5) 89 (4)
Triflumuron 71 (7) 87 (12) 87 (4) 80 (15) 78 (10) 79 (9) 89 (13) 92 (12) 96 (4) 106 (19) 87 (11) 80 (8)
Bitertanol 97 (16) 88 (16) 81 (10) 89 (16) 79 (9) 103 (8) 103 (9) 95 (10) 86 (7) 102 (14) 96 (9) 102 (5)
Pencycuron 83 (9) 97 (10) 88 (5) 105 (15) 94 (12) 103 (12) 97 (10) 91 (7) 99 (5) 78 (18) 92 (14) 76 (11)
Trifloxystrobin 76 (9) 96 (10) 102 (8) 75 (10) 83 (11) 82 (7) 86 (13) 90 (7) 104 (6) 75 (12) 96 (9) 81 (7)
Triflumizole 70 (15) 96 (12) 74 (8) 92 (13) 89 (11) 89 (9) 104 (6) 98 (6) 95 (5) 92 (6) 92 (5) 84 (2)
Tebufenpyrad 73 (12) 86 (14) 82 (9) 86 (15) 90 (10) 79 (8) 73 (13) 80 (8) 85 (6) 99 (8) 115 (7) 80 (6)
Terbufos 73 (14) 79 (12) 81 (12) 81 (12) 83 (8) 87 (7) 86 (11) 92 (8) 104 (5) 103 (12) 90 (12) 89 (9)
Trycresyl phosphate 70 (15) 74 (15) 73 (12) 87 (11) 82 (9) 80 (6) 99 (10) 83 (9) 74 (7) 72 (18) 76 (13) 70 (5)
Fenazaquin 97 (10) 75 (10) 103 (4) 80 (10) 79 (6) 75 (4) 76 (10) 89 (9) 93 (5) 82 (10) 72 (14) 73 (5)

a Low: 11.5 μg kg−1 (number of replicates: 6)
bMiddle: 50 μg kg−1 (number of replicates: 5)
c High: 150 μg kg−1 (number of replicates: 6)
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11 in strawberry, 15 in orange, and 13 in olive for the low
level studied, whereas for the high level evaluated, RSD
values were lower than 10% for 45 pesticides in cucumber,
47 in strawberry, 51 in orange, and 44 in olive.

Interday precision was evaluated at 11.5 μg kg−1; the
results obtained are shown in Table 4. It can be noted that
these values were similar or slightly higher than repeatabil-
ity values, ranging from 7 to 20%, indicating the stability of
the developed method.

LOD was evaluated by injecting pesticides (3, 6, and
8 μg kg−1) in blank matrices; the LOD was the amount for
which signal-to-noise ratios (S/N) were equal to or slightly
higher than 3. LOQ were evaluated as the lowest concen-
trations tested for which recoveries ranged from 70 to 110%
and precision was lower than 20% [38]. The results
obtained are shown in Table 3, and it can be observed that
LODs were always lower than 3 μg kg−1, whereas LOQs
were lower than 10 μg kg−1. Furthermore, it can be
observed that LODs were lower in olives than in the other
matrices, because of the additional clean up step included in
the extraction procedure, which eliminates some interfer-
ences and increases S/N. It can be emphasized that for all of
the pesticides in the fruit and vegetable matrices investi-
gated the quantification limit was equal to or lower than the
maximum residue limits established by European Union
[39] and it is considered as the level at which the laboratory
guarantees that residues have been quantified satisfactorily.

Uncertainty was estimated applying the bottom-up
approach [40], using the data obtained during the validation
process at two concentrations (15% over the first calibration
point, 11.5 μg kg−1). Finally expanded uncertainty (U) was
obtained by multiplying the relative combined uncertainty
by a coverage factor of 2, which is related to a confidence
level of 95%. The values obtained (Table 4) ranged from 11

to 24% for cucumber, from 12 to 23% for strawberry, from
9 to 23% for orange, and from 14 to 24% for olive.
Considering 15–20% as the commonly accepted valued for
method precision, most uncertainties estimated in this work
are in accordance with established requirements for
analytical results. In fact, for cucumber, uncertainty was
higher than 20% for 11 pesticides only. For strawberry,
orange, and olive, respectively, 9, 6 and 18 pesticides have
uncertainties higher than 20%.

Application to real samples

The proposed method was used for routine analysis of more
than 200 vegetable samples with different matrices, such as
those evaluated (olives, cucumbers, oranges, and strawber-
ries) and tomato, eggplants, and peppers, in less than
2 months. The laboratory is accredited by UNE-EN-ISO/
IEC 17025 for pesticide residue analysis, so internal quality
control was applied for every batch of samples to check if
the system is under control. This quality control implies a
matrix-matched calibration, a reagent blank, a matrix blank,
and a spiked blank sample at 11.5 μg kg−1 in order to
evaluate the stability of the proposed method with time.

The results obtained are summarised in Table 5, and it
can be noted that 21% of the samples gave positive values
(higher than the LOQ) and 9% exceeded the levels
established by the European Union. Although the low
number of samples rejected for consumption is indicative of
correct use of pesticides in agriculture in the studied area, it
is important to highlight that according to good agricultural
practice no sample should contain residues above the
MRLs, so more work should be carried out in order to
achieve samples with pesticide contents below the estab-
lished MRLs. The most frequently found pesticide was

0 73 4 651 2

Time (min)

Carbendazim

2.39

2.82
Imidacloprid

3.34
Thiacloprid

4.19
Imazalil

4.96
Flutalonil

5.30

Flusilazol

5.40
Diclobutrazol

Fenazaquin

6.50

1.53

Pymetrozine

Fig. 2 UPLC-MS-MS chroma-
tograms obtained from a blank
orange sample spiked at 25 μg
kg−1. Selected pesticides were:
pymetrozine (m/z 218.2>104.9),
carbendazim (m/z 192.0>160.0),
imidacloprid (m/z 256.2>209.3),
thiacloprid (m/z 253.3>126.0)
imazalil (m/z 297.2>159.0),
flutalonil (m/z 324.4>242.3),
flusilazol (m/z 316.1>247.3),
diclobutrazol (m/z 328.2>70.2),
and fenazaquin (m/z 307.3>
161.2). Conditions are as
described in the Experimental
section
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Table 3 LODs and LOQs (μg kg−1) obtained for the four matrices evaluated

Pesticide Cucumber Strawberry Orange Olive

LOD LOQ LOD LOQ LOD LOQ LOD LOQ

Pymetrozine 1.5 5.1 1.6 5.3 1.1 3.7 0.7 2.4
Propamocarb 0.9 3.1 1.8 4.3 0.7 2.4 2.6 6.4
Oxamyl 2.3 7.8 2.7 9.2 2.7 9.1 2.9 9.8
Nitenpyram 2.7 9.3 2.1 7.1 2.8 7.1 2.4 7.8
Methomyl 3.0 8.7 2.4 7.8 3.0 8.2 2.3 7.8
Carbendazim 1.3 4.3 0.6 2.7 1.8 4.4 0.5 2.1
Thiamethoxam 2.9 9.8 2.6 8.9 3.0 10.0 2.9 9.8
Monocrotophos 1.4 4.5 1.4 4.6 1.0 3.4 0.9 3.0
2,6-Dichlorobenzamide 0.9 3.1 1.8 4.4 0.8 1.9 2.6 6.2
Thiabendazole 0.1 0.4 0.2 0.6 0.2 0.6 0.2 0.5
Imidacloprid 0.8 2.7 0.4 1.3 0.4 1.3 1.7 5.8
Vamidothion 1.0 4.2 1.6 3.9 2.0 7.4 1.3 3.2
Acetamiprid 0.2 0.5 0.2 0.6 0.1 0.3 0.2 0.7
Cymoxanil 0.5 1.7 1.7 5.6 1.5 5.0 1.6 5.4
Thiacloprid 1.2 4.1 1.7 4.2 3.5 8.7 1.7 4.1
Aldicarb 1.1 3.5 2.9 10.0 1.4 4.5 2.9 9.7
Thiophanate methyl 0.3 0.8 0.2 0.5 0.4 1.0 1.4 4.7
Carbofuran 0.4 1.3 0.4 1.3 0.3 1.1 1.9 4.6
Bendiocarb 1.5 5.0 1.1 3.8 2.3 6.4 2.9 9.6
Ofurace 0.4 1.4 0.6 2.9 0.9 3.9 1.6 3.8
Carbaryl 1.6 5.4 1.3 4.2 2.9 7.2 2.2 6.9
Imazalil 1.0 3.4 2.0 6.5 2.0 5.0 2.8 6.8
Fensulfothion 0.3 1.0 0.4 1.5 0.5 1.9 1.0 2.5
Fenpropimorph 1.6 5.2 2.4 5.9 1.2 4.1 1.6 3.9
Ethoxyquine 1.0 3.2 1.3 4.2 2.3 7.7 1.4 4.7
Azaconazole 2.6 6.9 3.0 7.5 1.8 4.5 2.3 5.6
Spiroxamine 1.2 4.1 2.7 6.4 1.9 4.7 1.7 4.1
Diethofencarb 1.0 3.4 2.3 6.0 2.4 6.4 1.72 5.73
Methiocarb 0.8 2.8 1.8 4.4 1.1 3.6 2.0 4.8
Flutalonil 1.2 3.9 1.5 3.8 2.9 8.6 1.5 4.9
Paclobutrazol 0.4 1.3 1.5 5.0 1.2 4.1 0.8 2.7
Promecarb 2.1 7.0 3.0 7.3 2.1 6.9 1.8 6.0
Cyprodinil 0.2 0.6 0.1 0.3 0.2 0.5 0.3 1.0
Triazophos 2.4 8.1 1.1 3.5 2.8 7.6 3.0 9.7
Iprovalicarb 0.9 3.1 2.9 7.0 1.0 2.5 2.3 7.7
Triadimenol 0.9 3.1 1.2 4.0 1.4 4.6 2.7 7.8
Fenhexamide 2.7 9.1 3.0 8.9 3.0 9.5 2.9 9.1
Diphenylamine 0.6 2.0 0.6 2.1 0.6 2.0 0.6 2.1
Spinosad 0.3 1.0 0.2 0.8 0.4 1.2 0.4 1.3
Epoxiconazole 0.6 1.9 2.2 5.4 1.9 4.6 2.3 5.6
Fenbuconazole 0.5 1.6 0.7 1.8 1.6 4.6 2.6 6.3
Diflubemzuron 1.8 5.9 2.5 6.1 1.3 3.1 0.9 3.1
Flusilazol 2.1 5.1 2.9 9.6 2.5 6.1 1.6 4.9
Diclobutrazol 1.8 6.0 2.8 6.8 1.9 4.7 1.0 2.4
Triflumuron 2.5 6.1 2.6 8.5 2.5 8.7 2.8 8.6
Bitertanol 0.7 2.4 1.8 5.9 1.5 4.9 1.9 4.7
Pencycuron 0.9 2.9 1.3 4.5 1.1 3.6 2.9 7.06
Trifloxystrobin 1.6 4.8 1.4 4.5 1.0 3.3 2.5 8.2
Triflumizole 0.6 2.0 1.0 3.4 1.1 3.6 1.3 3.2
Tebufenpyrad 0.7 2.3 1.1 3.5 0.8 2.43 1.5 3.6
Terbufos 2.3 5.6 1.9 4.6 1.7 4.2 3.0 10.0
Trycresyl phosphate 1.6 5.4 1.4 4.6 1.7 5.6 1.6 5.3
Fenazaquin 0.8 2.6 2.2 5.3 2.4 6.2 1.8 4.5
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Table 4 Interday precision (n=6 days) and expanded uncertainty (U (%)) values for the optimised method at 11.5 μg kg−1

Pesticide Cucumber Strawberry Orange Olive

Precision U (%) Precision U (%) Precision U (%) Precision U (%)

Pymetrozine 16 20 17 21 6 10 17 20
Propamocarb 16 19 12 15 15 19 18 22
Oxamyl 12 15 17 19 18 21 17 22
Nitenpyram 11 14 18 22 9 13 20 23
Methomyl 14 17 13 17 12 15 19 22
Carbendazim 20 24 19 23 13 17 15 19
Thiamethoxam 14 19 16 20 12 15 19 23
Monocrotophos 15 17 9 12 15 18 16 20
2,6-Dichlorobenzamide 9 11 18 20 17 20 19 23
Thiabendazole 19 23 12 16 10 16 13 18
Imidacloprid 16 18 13 17 10 15 16 19
Vamidothion 20 23 19 22 18 23 14 20
Acetamiprid 16 18 10 12 12 16 13 16
Cymoxanil 13 17 18 21 14 19 13 18
Thiacloprid 14 17 8 13 16 18 14 17
Aldicarb 9 12 13 16 19 23 14 19
Thiophanate methyl 12 16 14 20 13 18 19 24
Carbofuran 8 10 10 12 16 19 14 17
Bendiocarb 14 18 8 12 17 20 18 23
Ofurace 16 19 15 18 10 13 15 19
Carbaryl 13 16 15 17 13 16 18 20
Imazalil 10 14 12 15 9 12 18 21
Fensulfothion 20 23 9 15 18 23 20 24
Fenpropimorph 11 13 15 18 16 19 14 17
Ethoxyquine 16 20 14 18 12 16 7 12
Azaconazole 19 23 17 20 15 19 15 19
Spiroxamine 17 20 10 13 14 17 17 20
Diethofencarb 18 22 9 14 20 24 17 21
Methiocarb 18 20 12 15 14 17 17 20
Flutalonil 12 15 13 16 14 28 17 21
Paclobutrazol 17 20 12 15 15 18 11 14
Promecarb 16 19 10 13 13 16 15 19
Cyprodinil 14 17 12 15 13 19 13 18
Triazophos 15 18 14 16 11 14 17 22
Iprovalicarb 10 14 14 19 18 23 11 15
Triadimenol 16 19 11 14 14 16 10 13
Fenhexamide 18 22 16 20 15 20 19 23
Diphenylamine 16 19 14 17 13 16 11 14
Spinosad 11 15 12 16 13 18 16 19
Epoxiconazole 16 21 7 12 6 9 11 17
Fenbuconazole 15 20 14 19 14 18 15 21
Diflubemzuron 10 14 20 23 12 15 16 19
Flusilazol 12 17 13 18 11 15 14 19
Diclobutrazol 17 21 14 17 15 18 9 14
Triflumuron 8 12 15 19 14 18 16 21
Bitertanol 19 24 17 22 12 16 18 22
Pencycuron 13 18 19 23 14 17 20 23
Trifloxystrobin 12 15 12 15 16 20 13 18
Triflumizole 16 21 15 20 11 16 12 17
Tebufenpyrad 13 16 16 19 14 17 14 17
Terbufos 15 18 13 16 11 14 13 17
Trycresyl phosphate 16 20 13 18 12 16 18 23
Fenazaquin 12 16 12 15 11 14 12 16
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imidacloprid, with concentrations ranging from 0.01 to
1.00 mg kg−1. This insecticide was found in 45 samples of
the commodities pepper, tomato, eggplant, and cucumber,
indicating that it is often used in the studied area (southeast

Spain). Other pesticides detected were nitenpyram,
methomyl, carbendazim, acetamiprid, and spinosad, which
were found in several samples. For instance, methomyl
residues exceeded the MRLs in three samples, whereas it
was not found in other samples. Traces of other compounds
such as indoxacarb, promecarb, and pymetrozine were
detected, whereas other pesticides such as cymoxanil and
aldicarb were not found in any samples.

Finally, it was found that some samples contained more
than one pesticide. In fact, more than 10% of samples
contained multiple residues. However, only three different
pesticides were detected in one sample.

Figure 3 shows positive results for carbendazim in
tomato and imidacloprid in pepper as examples of real
samples analysed.

Conclusions

UPLC coupled to tandem mass spectrometry has been shown
to be a valuable technique in pesticide residue analysis of
complex mixtures and matrices, providing faster analytical

Table 5 Concentrations of pesticides found in the samples analysed

Pesticide Concentration
range
(mg kg−1)

No of positive
samples<MRLa

No of positive
samples>MRLa

Pymetrozine 0.06 1 –
Oxamyl 0.01–0.06 1 1
Nitenpyram 0.01–0.07 6 –
Methomyl 0.04–0.15 3 3
Carbendazim 0.01–0.10 5 –
Thiamethoxam 0.02 1 –
Imidacloprid 0.01–1.00 32 13
Acetamiprid 0.01–0.25 4 –
Thiacloprid 0.06–0.09 2 –
Promecarb 0.06 1 –
Spinosad 0.01–0.04 4 –
Indoxacarb 0.03–0.04 2 –

aMRL established by the European Union [39]

Time
2.00 2.20 2.40 2.60 2.80 3.00

%

0

100

2.00 2.20 2.40 2.60 2.80 3.00

%

0

100 m/z 192.1 > 160.1
1.33e5

2.38

m/z 192.1 > 132.2
3.05e4

2.38

Time
2.50 2.60 2.70 2.80 2.90 3.00 3.10

%

0

100

2.50 2.60 2.70 2.80 2.90 3.00 3.10

%

0

100 m/z 256.2 > 209.3
3.97e4

2.82

m/z 256.2 > 175.1
2.35e4

2.82

ba

Carbendazim

Carbendazim

Imidacloprid

Imidacloprid

Fig. 3 UPLC-MS-MS chromatograms obtained from (a) tomato containing carbendazim at 0.10 mg kg−1 and (b) pepper containing imidacloprid
at 0.36 mg kg−1
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answers with greater sensitivity compared with traditional
liquid-chromatographic methods. The extraction method was
based on the QuEChERS procedure, using the extraction step
without any additional “clean-up” step, which has been shown
to be unnecessary for the matrices evaluated except for
commodities with a high fat content, such as olives. For this
type of matrix, Florisil was used as sorbent. The extraction
procedure minimizes the use of organic solvents and handling,
providing a simple and fast extraction method. No significant
differences could be found between the relative response of
different matrices. The method was validated for four
representative matrices-cucumber, strawberry, orange, and
olive-with good sensitivity and selectivity, providing satisfac-
tory recoveries (70–110%) for most of the pesticides. The
limits of quantification (10 μg kg−1) were always lower than
the MRLs established by the European Union.

The high resolving power of the UPLC method,
minimizing the run time, combined with QuEChERS, an
extremely easy and fast extraction step for the determina-
tion of pesticides in food, results in a method suitable for
rapid determination of pesticides in food commodities, thus
increasing sample throughput. Quality-control systems
applied during the assays have demonstrated very good
performance and stability with time. The proposed analyt-
ical method is fast, easy to perform, and could be used for
regular monitoring of pesticide residues in fruit and
vegetable matrices by routine laboratories.
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