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Analysis of pesticides in fruits by pressurized liquid extraction and liquid
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Abstract

A multi-residue method using pressurized liquid extraction (PLE) and liquid chromatography–quadrupole ion trap–triple stage mass spectrometry
(LC–IT–MS3) has been developed for determining trace levels of pesticides in fruits. The selected pesticides can be distinguished in: benzimidazoles
and azoles, organophosphorus, carbamates, neonicotinoids, and acaricides. PLE has been optimized to extract these pesticide residues from oranges
and peaches by studying the effect of experimental variables on PLE efficiency. Samples were extracted at high temperature and pressure (75◦C
and 1500 psi) using ethyl acetate as extraction solvent and acidic alumina as drying agent. The recoveries obtained by PLE ranged from 58%
t 0.025 to
0 lations.
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o 97% and the relative standard deviation (RSDs) from 5% to 19%. The limits of quantification (LOQs) of the compounds were from
.25 mg kg−1, which are well-below the maximum residue limits (MRLs) established by the European Union (EU) and the Spanish legis
2005 Elsevier B.V. All rights reserved.
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. Introduction

Public concern, over pesticide residues in food, has been
ncreased during the past 20–25 years. Consequently, legisla-
ions were approved in USA, European Union (EU), and other
ountries establishing new more restricted standards for pesti-
ide residues in foods, which include the setting up of lower
nd lower maximum residue limits (MRLs)[1]. It is clear that
sound analytical methodology is indispensable for monitoring
ompliance with regulations.

There is continued interest in the development of alterna-
ive procedures of sample preparation, because of the need to
educe time, expenses, and hazardous wastes as well as in the
utomation of the already existing methods to increase sample

hroughput and reduce labor[1–4]. One of the most promising
nd recent sample preparation techniques is the pressurized liq-
id extraction (PLE; Dionex trade name ASE for accelerated
olvent extraction), which offers the advantages of reducing
olvent consumption and automating sample handling[4]. Its
pplication in the pesticide residue field has, up to now, been

limited to determineN-methylcarbamates[5] and few othe
pesticides in baby foods and adult diet samples[6] by gas chro
matography (GC). PLE has a common angle with a widely
pesticide extraction procedure: matrix solid-phase dispe
(MSPD) because wet samples (such as fruits) must be p
ously mixed with a drying or dispersing agent[7–9].

The application of a non-selective extraction procedure
a wide-coverage of various classes of pesticides should be
pensated by a specific determination technique, such a
uid chromatography-mass spectrometry, sensitive and sel
enough to enable the unambiguous identification of the an
[1–4]. Recently, pesticides have been widely determined u
various LC–MS techniques, including single quadrupole[7,8],
triple quadrupole[10–12] and quadrupole ion trap[9,13,14].
However, there is only one work that exploits MS3 for deter-
mining six pesticide residues in oranges[15].

The aim of this study is to develop an analytical pro
dure that combines PLE and LC–IT–MS3. The effect of severa
extraction parameters, such as solvent composition, tem
ture, pressure and static extraction time has been tested
analytes (bitertanol, carbendazim, hexythiazox, imazalil, im
∗ Corresponding author. Tel.: +34 96 3544958; fax: +34 96 3564954.
E-mail address: cristina.blasco@uv.es (C. Blasco).

cloprid, methidathion, methiocarb, pyriproxyfen, thiabendazole
and trichlorfon) were selected according to their use in fruit
orchard and/or in post harvest treatments. Different peach, nec-
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tarine, orange and tangerine samples from local markets were
analyzed using the developed method.

2. Experimental

2.1. Chemicals

Bitertanol, carbendazim, hexythiazox, imazalil, imidaclo-
prid, methidathion, methiocarb, pyriproxyfen, thiabendazole
and trichlorfon were supplied by Supelco (Madrid, Spain). The
individual stock solutions were prepared by dissolving 100 mg
of each compound in 100 ml of methanol, except for carben-
dazim, which was prepared in 10 M HCl instead of methanol.
They were stored in glass-stopped bottles at 4◦C. Standard
working solutions at various concentrations were daily prepared
by appropriate dilution of aliquots of the stock solutions in
methanol.

Methanol (gradient grade for liquid chromatography), ethyl
acetate and dichloromethane (organic trace analysis) were pur-
chased from Merck (Darmstadt, Germany). Deionized water
(>18 M� cm resistivity) was obtained from a Milli-Q SP
Reagent Water System (Millipore, Bedford, MA, USA). All the
solvents were passed through a 0.45�m cellulose filter from
Scharlau (Barcelona, Spain) before use.

Neutral (pH of 6–8), acidic (pH of 4–5), and basic (pH
9–10) alumina were obtained from Merck (Darmstadt, Ger-
m rlau
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ing from 50 to 400 U. MRM was carried out setting the target at
100,000 and maximum accumulation time at 5 ms for both, MS
and MSn experiments. Collision induced dissociation (CID) was
performed on the ion of interest by collisions with the helium
background gas for 40 ms. The cut-offs were betweenm/z 100
and 150, amplitudes between 1 and 2 V, and widths between 1.0
and 4.0.

2.3. Sample treatment

Samples analyzed, oranges, tangerines, peaches, and nec-
tarines, were obtained from agricultural cooperatives. All sam-
ples were taken in accordance with the guidelines of the Euro-
pean Union (EU) Directive 79/700/CEE[16]; that is, as far
as possible, to collect the sample at various places distributed
throughout the lot (size ca. 50 kg). The sample, weighted at least
1 kg, and consisted of at least 10 individual fruits.

A representative portion of the sample (200 g of whole fruit)
was chopped and homogenized. Portions of 2.5 g were blended
with 20 g of the drying agent for 5 min in a mortar using
a pestle. This mixture was introduced into a stainless steel
extraction cell (22 ml capacity), which was positioned in the
pressurized liquid extraction (PLE) system connected to a four-
bottle solvent controller, both from Dionex (Synnyvale, CA,
USA). Nitrogen at pressure of 10 bars was supplied to assist
the pneumatic system and to purge the extraction cells. For the
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any), silica and sodium sulfate anhydrous from Scha
Barcelona, Spain), Florisil® from Aldrich (Steinheim, Ger
any), and diatomaceous earth from Sigma (Steinheim,
any).

.2. LC–MS

The LC–IT–MS system consisted of an Esquire3000
rap LC/MS(n) system (Bruker Daltonik GmbH, Germany)
n Agilent 1100 Series LC equipment, which includes a qu
ary pump, an autosampler and a variable wavelength det
computer (HP PC) and a data acquisition/processing Da
squire Control Software system 3.0.
Separation was performed on a Luna C18 column (150 mm×

.6 mm I.D., particle size 5�m) protected by a Security gua
artridge C18 (4 mm× 2 mm I.D.), both from Phenomen
Madrid, Spain). The mobile phase was a methanol–wate
ient at a flow-rate of 0.8 ml min−1. During the first 5 min o

he run the methanol content was kept isocratic at 40%
hen it was gradually increased to 80% in 3 min, kept for 10
ncreased to 90% in 2 min, and kept for 5 min. The injection
me was set to 20�l. Operating conditions of the APCI interfa

n positive ion mode were vaporizer temperature, 350◦C; nebu-
izer gas (nitrogen) pressure of 60 psi (1 psi = 6894.76 Pa);
ng gas (nitrogen) flow rate, 4 l min−1; drying gas temperatur
50◦C; capillary voltage, 4000 V; and corona current, 4�A.

The mass spectrometer was operated in full scan and mu
eaction monitoring (MRM) modes. The trap parameters w
djusted in ion charge control (ICC) mode using rolling a
ging set at 2. Full scan mode was performed with a targ
0,000 and maximum accumulation time of 50 ms atm/z rang-
-

-
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xtraction, ethyl acetate (100% flush volume) was used at 7◦C
nd 1500 psi (1 psi = 6894.76 Pa) for 7 min static time, in
ycles, preheated 2 min and purge 60 s. The total volum
xtract obtained under those conditions was 22 ml showing
ery little variations, less than 0.5 ml, when analyzing diffe
amples.

Each PLE extract was concentrated to ca. 1 ml in a Büchi
200 (Labortechnik, Flawil, Switzerland) rotary evaporato
t 40◦C and 250 mBar in 50 ml round-bottomed flasks. Then
xtract was transferred to a 15 ml conical tube and the ro
ottomed flask was rinsed with twice 0.5 ml of methanol
vaporated to dryness using a multi-sample Turbovap LV E
rator (Zymark, Hoptkinton, USA) provided with a nitrog
tream and a water bath at 50◦C. After solvent evaporation,
as reconstituted in 0.5 ml of methanol.

. Results and discussion

.1. Evaluation of the PLE conditions

The influence of temperature, pressure, and static tim
he recoveries of the pesticides in oranges is illustrated inFig. 1.
hese parameters were also tested for peaches, providing s
esults (data not shown). The extraction temperature (Fig. 1a)
id not show a significant change on the recovery, indica

hat there was no thermal degradation of pesticides, exce
richlorfon—an organophosphorus pesticide known for b
hermodegrable, which disappear at 150◦C. The best resul
ere obtained at 75◦C, with recoveries ranging from 40%
08% and RSDs from 5% to 12%. An increase in color an
loudy suspension as well as in the RSDs was visible no
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Fig. 1. Effect on the extraction efficiency of (a) temperature; (b) pressure; and
(c) static time. Extraction conditions: ethyl acetate (flush 100%) in one static
cycle; drying agent: anhydrous sodium sulfate.

when the temperature increased from 90 to 150◦C because com-
pounds of high molecular mass (carotenes, flavonoid, glucids,
etc.) were co-extracted. Best recoveries were obtained at a pres-
sure of 1500 psi (Fig. 1b). Operation at low pressure, close to
500 psi, the lowest possible with subsequent analysis, achieves
also high recoveries. However, the system becomes unstable
(overfilled collections vials), because of difficulties in maintain-
ing the set pressure.

Extraction efficiency remained constant for all the static times
tested (Fig. 1c), which can be explained by the high solubil-
ity of the studied pesticides in ethyl acetate and/or the weak
analyte–matrix interactions, as have been reported previousl
[5,6]. Since the length of the static cycle did not influence the
extraction efficiency, the extraction time was set at to 7 min to

Fig. 2. Effect on the extraction efficiency of (a) different drying agents and (b)
different extraction solvents. Other conditions and compounds concentration as
in Fig. 1.

assure a rapid extraction as well as a constant recovery without
observable variations.

The percentage of flush (from 50% to 150%) and the number
of extraction cycles (from 1 to 5) were checked. The highest
recoveries were reached at 100% flush, keeping constant for
the bigger percentages. Extraction efficiency was constant from
one to three extraction cycles, whereas starting from the fourth
cycle a remarkable decrease was noted. A justification of this
behavior is that the more cycles were used, the greater amounts
of interfering substances were extracted.

Alumina, floristic, silica, and anhydrous sodium sulfate were
tested, as drying materials, for PLE in oranges and peaches.
In addition, alumina was tested in the three pH ranges avail-
able (basic, neutral, and acidic). Recoveries were very similar
for all the compounds, except for trichlorfon, the recovery of
which decreases from 75% using acidic silica to 32% using
basic alumina. A probable explanation is that Trichlorfon is
quickly degraded in slightly basic aqueous solutions.Fig. 2a
shows the recoveries and RSDs obtained from oranges using
these sorbents, excepting basic alumina. As it can be seen, alu-
mina and silica provided almost the same recoveries for all the
compounds, except for imazalil, which is better recovered from
alumina. However, RSDs obtained using alumina were lower
than those obtained using silica, especially for the most polar
compounds (imidaclorid, trichlorfon, carbendazim, and thiaben-
dazole). Neutral and acidic alumina provided very similar recov-
e rking
a er
r ulfate
g nol,
y
ries; however, slightly better recoveries were observed wo
cidic alumina, particularly for trichlorfon. Florisil gave low
ecoveries for all the compounds, and anhydrous sodium s
ave also low recoveries for thiabendazole, imazalil, biterta
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pyriproxyfen and hexythiazox. In addition, this last sorbent pro-
vides the dirtiest extracts with a cloudy and strong color.

Ethyl acetate, methanol, and dichloromethane were tested as
extraction solvent asFig. 2b reports. An increase in the extraction
efficiency was observed from dichloromethane to ethyl acetate,
except for bitertanol, trichlorfon, pyriproxyfen, and methio-
carb. Dirtiest extracts were obtained with methanol because it
also extracts other food components with higher efficiency as
flavonoids, carotenes, and sugars than dichloromethane or ethyl
acetate.

The optimum procedure was to disperse the sample with
acidic alumina and to extract it with ethyl acetate (100% flush)
at 75◦C and 1500 psi for 7 min in two cycles.

3.2. Liquid chromatography–triple stage mass spectrometry

Table 1shows the selected transitions for the studied pesti-
cides. The triple-stage mass spectrum of six of them – imidaclo-
prid, carbendazim, thiabendazole, methiocarb, and hexythiazox
– as well as their ability to quantify pesticide residues in citrus
fruits had already been studied in a previous work[15]. The
second-stage mass spectra of bitertanol[12] and pyriproxyfen
[9] have also been studied. However, they have never been deter-
mined by triple-stage mass spectrometry. Bitertanol, trichlorfon
and pyriproxyfen can be determined, at the required detection
limits, using triple stage mass spectrometry. On the contrary,

methidathion can only be determined by a second-stage mass
spectrometry because it gave the product ion atm/z 145, which
fragmentation is very unstable and in the limits of the instru-
mental capabilities of the ion-trap.

Quantification of the extracts was based on a six points
matrix matched standard curves covering the range from LOQ
to 100 times the LOQ. Matrix-matched standard curves were
prepared by extracting blank orange and peach at 75◦C for
7 min, using ethyl acetate, thus assuring a perfect match between
samples analyzed and standard curves. The need to use matrix-
matched standard curves was demonstrated by evaluating cal-
ibration curves based on standard diluted in methanol or in
matrix extracts. The results are showed inTable 2. These cal-
ibration curves presented good linearity (r value of all curves
were >0.991), but different slopes. Carbendazim, imidaclo-
prid, and thiabendazole are the compounds less affected by the
matrix, showing suppression in the response <15% in matrix
matched standards compared to those prepared in methanol.
For hexythiazox, methiocarb, and pyriproxyfen response sup-
pression <25% was noted, and for imazalil, methiocarb, and
trichlorfon response suppression was <50%, whereas for biter-
tanol an increase on the response of 50% was observed.
This results are in agreement with those previously reported
[9,12,15].

The MS analysis was carried out by MS3 according to
the transitions reported inTable 1(except for trichlorfon that

T
T iffere

T

0

9

2

able 1
ime schedule, precursor/product ions, and their relative abundance (A, %) at d

ime window (min) Analyte MS

m/z (A, %) Assignment

–9.2 Imidacloprid 256 (100) [M + H]+ →

Trichlofon 256 (100) [M]+ →
228 (50) [M C2H4]+

Carbendazim 192 (100) [M + H]+ →

Thiabendazole 202 (100) [M + H]+ →

.2–20 Methidathion 303 (100) [M + H]+ →
145 (80) [M PS2(OCH3)2]

Methiocarb 226 (100) [M + H]+ →
Imazalil 297 (100) [M + H]+→

Bitertanol 338 (100) [M + H]+ →

+
0–25 Pyriproxyfen 322 (100) [M + H]→

Hexythiazox 353 (100) [M + H]+ →
228 (40) [M + H C6H12NCO]+
nt MS stages

MS2 MS3

m/z (A, %) Neutral loss m/z (A, %) Neutral loss

209 (100) [ NO2] → 175 (100) [ Cl]
175 (75) [ NO2, Cl]

221 (100) [ HCl] → 145 (50) –
127 (100) [C2Cl2]

160 (100) [ CH3OH] → 160 (6)
132 (100) [ CO]
105 (25) [ CO, HCN]

175 (100) [ HCN] → 131 (100) [ SC]
131 (20) [ HCN, SC]

145 (100) [ PS2(OCH3)2]

169 (100) [ CONCH3] → 121 (100) [HSCH3]

257 (100) [ C3H6] → 187 (50) [ C3N2H4]
201 (75) [ C3H6,C3N2H4] 159 (100) [ C3N2H4,CO]
173 (50) [ C3H6,C3N2H4,O]
159 (45) [ C3H6,C3N2H4,CO]

269 (100) [ C2H3N3] → 251 [ H2O]
251 (20) [ C2H3N3, H2O]
227 (100) [ C5NH4OH] → 199 (30) [ C2H4]
199 (10) [ C5NH4OH, C2H4] 185 (100) [ C3H6]
185 (20) [ C5NH4OH, C3H6] 134 (20) [ C6H5OH]

271 (50) [ C6H12]
228 (100) [ C6H12, NCO] → 168 [ SCO]
168 (20) [ C6H12, NCO, SCO]
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Table 2
Matrix calibration of blank oranges in comparison with standard calibrationa

Concentration range (mg kg−1) r (standards in methanol) r (matrix matched standards) Slope matrix/slope standard

Imidacloprid 0.01–1 0.9966 0.9997 0.96
Trichlorfon 0.25–25 0.9992 0.9909 0.87
Carbendazim 0.02–2 0.9991 0.9998 0.66
Thiabendazole 0.02–2 0.9999 0.9975 0.99
Methidathion 0.04–4 0.9938 0.9989 0.84
Methiocarb 0.04–4 0.9999 0.9976 0.68
Imazalil 0.02–2 0.9991 0.9999 0.50
Bitertanol 0.04–4 0.9961 0.9924 1.58
Pyriproxyfen 0.02–2 0.9995 0.9988 0.75
Hexythiazox 0.09–9 0.9971 0.9934 0.82

a The data are obtained by six level calibration in triplicate.

was determined at MS2). For identification purposes, the ratio
between the different fragment ions (when there are) in the prod-
uct ion full scan mass spectrum was measured. Quantification
was carried out by conventional external standard procedure
using matrix matched standards.

3.3. Method validation

The method was validated for oranges/tangerines and
peaches/nectarines, according to EU guidelines[17,18]. Table 3
shows the recovery, precision and quantification limits (LOQs)
obtained. In oranges, the lowest average recovery (60%) was
obtained for methidathion, whereas the highest was 98% for imi-
dacloprid) with RSDs from 5% (methidathion) to 19% (trichlor-
fon). Slightly low recoveries were observed for imidacloprid,
imazalil, and methiocarb in peaches and nectarines, the average
recoveries ranged from 48% (imazalil) to 98% (carbendazim)
and the RSDs were between 5% (imazalil) and 19% (bitertanol).
LOQs were well-below the MRLs documented by different
national and international governmental statements that ensures
a reliable determination.

Typical chromatograms for tangerine samples (non-spiked
and spiked at the LOQ levels) are shown inFig. 3a and b. The

chromatographic resolution and the peak performance were sat-
isfactory for the studied pesticides in the spiked samples. The
sample that no contains any of the studied pesticides show the
lack of interfering peaks that can give a false positive sample.

3.4. Fruit sample extractions: PLE versus conventional
ethyl acetate extraction

Results were compared with those obtained using the conven-
tional solvent extraction (SE) with ethyl acetate and anhydrous
sodium sulfate.Fig. 4 shows the recoveries and the RSDs of
both methods, obtained from oranges at the concentrations used
in the optimization experiments. Recoveries obtained using PLE
methods ranged from 48% to 98%, whereas those obtained by SE
were in the range of 32% to 98%. PLE gives better recoveries for
all pesticides in both matrices, except for trichlorfon. The RSDs
showed no differences with any of the two methods, even through
PLE is automated programmed.Table 4 summarizes several
parameters indicative of the analytical performance of both pro-
cedures. As a consequence of the better accuracy provided by
PLE for imidacloprid, imazalil, bitertanol and pyriproxyfen, the
LOQ obtained for these compounds by PLE is almost half than
that obtained by SE.

Table 3
Recovery and repeatability of the method (n = 5)

RS

17
19
1
1

5,
11
12
15
15
17

ding table
Spiking levela (mg kg−1) Oranges

Recovery (%)

Imidacloprid 0.01, 0.1 98, 97
Trichlorfon 0.25, 2.5 75, 78
Carbendazim 0.02, 0.2 85, 87
Thiabendazole 0.02, 0.2 77, 82
Methidathion 0.04, 0.4 60, 67
Methiocarb 0.04, 0.4 90, 94
Imazalil 0.02, 0.2 89, 91
Bitertanol 0.04, 0.4 88, 89
Pyriproxyfen 0.02, 0.2 89, 91
Hexythiazox 0.09, 0,9 79, 82

a Spiking levels corresponding to the LOQ and 10 times the LOQ accor
recovery (>70%) and reproducibility (<20%)[17].

b MRL established by Spanish Legislation[19].
c MRL established by EU[20].
d MRL established by USA[21].
e MRL recommended by Codex Alimentarius[22].
Peaches Lowest MRLs (mg kg−1)

Ds (%) Recovery (%) RSDs (%)

, 12 63, 74 16, 10 0.05b

, 14 67, 72 17, 13 1.00b,c

2, 8 95, 98 11, 9 0d–1.00b,c

2, 10 76, 78 18, 15 0.05b,c

5 65, 69 18, 15 0.05d

, 9 65, 69 18, 9 0.05b,e

, 10 48, 54 15, 9 0.02b,c

, 10 82, 87 18, 11 0.05b,c

, 13 79, 81 19, 16 0.05b

, 14 77, 85 17, 13 0.5b,e

to EU guidelines[17,18]; LOQ was the lowest concentration that provides accep
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Fig. 3. LC–IT–MS chromatograms obtained after PLE for (a) spiked orange; (b)
unspiked orange; and (c) sample no. Peak identification: (1) imidacloprid, (2)
trichlorfon, (3) carbendazim, (4) thiabendazole, (5) methidathion, (6) methio-
carb, (7) imazalil, (8) bitertanol, (9) pyriproxyfen; and (10) hexythiazox.

The linearity of the calibration curves, constructed from the
analysis of spiked samples was good in both procedures, with
correlation coefficients always greater than 0.99. Matrix inter-
ference studies conducted by both procedures showed that, for
both, important enhancement or suppression of the response is
observed for the majority of compounds.

Table 5shows the different pesticide residues detected, as
well as their concentration levels (concentrations were corrected
for the recoveries). Residues of pesticides were found in 18 of 40
sets of samples analyzed. Carbendazim and imidacloprid were
frequently present. Although both procedures gave comparable
results, the proposed methodology gives increased possibilities

Fig. 4. Comparison of PLE and conventional SE with ethyl acetate results of
p

Table 4
Performance comparison

PLE Ethyl acetate

Spiking concentration
(mg kg−1)

LOQ–10 LOQ LOQ–10 LOQ

Recovery (n = 5, %) 48–98 32–98
Worst for most
compounds

Repeatibility (RSD,
%; n = 5)

<19 <19

Linearity (r2) >0.994 >0.992
Matrix interferences Suppression

(15–50%) for most
compounds,
enhancement for
bitertanol

Suppression (15–50%)
for most compounds,
enhancement for
bitertanol

Sensitivity (LOQ, mg kg−1) 0.01–0.25 0.01–0.25
Worst LOQ for
imidacloprid, imazalil,
bitertanol, pyriproxifen

of automation with no extra cleanup step needed, leading to sub-
stantial time savings as compared with classical methodologies.
Fig. 3c shows an LC–IT–MS3 chromatogram for an orange in
which carbendazim and methidathion were found.

Table 5
Pesticide concentrations in oranges, tangerines, peaches and nectarines obtained
from agricultural cooperative

Samples Pesticides Content,n = 3, mg kg−1(RSD, %)

PLE Ethyl acetae

Oranges
1 Carbendazim 0.02 (12) 0.02 (16)

Hexythiaxoz 0.09 (15) 0.07(9)

4 Carbendazim 0.03 (8) 0.01 (7)
7 Carbendazim 0.04 (12) 0.05 (8)

10 Carbendazim 0.03 (5) 0.05 (11)
11 Carbendazim 0.04 (18) 0.05 (11)
13 Carbendazim 0.10 (3) 0.16 (14)
15 Carbendazim 0.06 (12) 0.05 (5)

16 Carbendazim 0.03 (15) 0.02 (8)
Methidathion 0.16 (6) 0.12 (8)

18 Carbendazim 0.09 (9) 0.14 (17)
19 Carbendazim 0.16 (4) 0.11 (14)

Imazalil 0.55 (13) 0.95 (5)
Carbendazim 0.05 (8) 0.02 (2)

P

Imidacloprid 0.02 (8) 0.04 (8)

7 Carbendazim 0.17 (6) 0.23 (19)
12 Thiabendazole 0.03 (18) 0.02 (8)
14 Carbendazim 0.36 (12) 0.44 (1)

16 Carbendazim 0.57 (9) 0.34 (4)
Imidacloprid 0.17 (8) 0.14 (12)
esticide recovery in spiked oranges.
eaches
1 Carbendazim 0.55 (12) 0.45 (15)

3 Carbendazim 0.09 (14) 0.12 (18)
Imidacloprid 0.02 (19) 0.03 (13)

4 Carbendazim 0.69 (7) 0.76 (7)
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4. Conclusions

The efficiency of PLE is comparable to conventional tech-
niques to extract pesticide residues from fruits. The required
solvent volume is smaller, and this extraction procedure is less
time consuming and the handling of the sample is reduced.

APCI–MS2 and APCI–MS3 can be combined in the same
chromatographic run to characterized pesticides in a QIT. The
studied multiple-stage spectrum showed a characteristic frag-
mentation pattern for each compound, which provides sufficient
information and achieves the unequivocal identification of the
compounds.

PLE coupled with LC–IT–MS3 enables rapid and accurate
determination of pesticides in fruit samples with LOQs in the
range of 1–50�g kg−1, which are below the MRLs established
by the EU. The low LOQs allow application of the presented
method for monitoring priority list of LC-amenable pesticides
in fruits.

Acknowledgements

This work has been financially supported by the Conselleria
d’Empresa, Universitat i Ciencia (project No. GVA05/109).

References

0)

02)

[5] M. Okihashi, H. Obana, S. Hori, Analyst 123 (1998) 711.
[6] J.C. Chuang, K. Hart, J.S. Chang, L.E. Boman, J.M. van Emon, A.W.

Reed, Anal. Chim. Acta 444 (2001) 87.
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