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Abstract

A rapid and sensitive liquid chromatography–electrospray ionization–mass spectrometry method has been developed for the routine analysis
of buprofezin, bupirimate, hexaflumuron, tebufenpyrad, fluvalinate and pyriproxyfen in citrus fruits. Extracts were obtained by matrix solid-
phase dispersion (MSPD) using C18 as dispersant and dichloromethane-methanol (80:20, v/v) as eluent. Matrix effects were tested for all
matrices by addition of standard to sample blank extracts (samples containing no detectable residues). Mean recoveries obtained at fortification
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evels between 0.01 and 5 mg kg−1 were 57–97% with relative standard deviations (RSDs) from 5 to 19%. The limits of quantification
ere in the range of 0.01–0.2 mg kg−1 and lower than maximum residue limits (MRLs) established by the Spanish legislation. The MS
ompared with conventional ethyl acetate extraction, showing equivalent recoveries and precision. Although the sample is more c
5-fold) by solid–liquid extraction (SLE) with ethyl acetate than by MSPD, LOQs obtained by both techniques, were almost equa
SPD reduces matrix effects, baseline noise, and interfering peaks from the matrix. The proposed method has been applied to the d
f selected pesticides in real samples. Liquid chromatography–tandem mass spectrometry (LC–MS–MS) with quadrupole ion trap

riple quadrupole (TQ) have been used as confirmatory tool for positive samples according to a recent No. SANCO/10476/2003
nion Guideline.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Use of agrochemicals at various stages of cultivation and
uring post-harvest storage, plays an important role in food
rotection and quality preservation. However, widespread-
sed pesticides become a very important group of chemicals

o be controlled because of their high toxicity to the human
ealth and frequent presence of their residues in fruits and
egetables[1,2]. One of the most important aspects for min-
mizing the potential hazards to humans is the monitoring of
esticide residues in food. Maximum residue limits (MRLs)

n fruits and vegetables have been set by the governmental
gencies of each country[3,4] and the European Union (EU)

∗ Corresponding author. Tel.: +34 963544958; fax: +34 963544954.
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[5] to guarantee consumer safety and to minimize their
sumers’ intake.

Analytical methodologies employed, owing to the st
regulation of MRLs, must be capable of residues meas
at trace levels[6,7] and of providing unambiguous eviden
to confirm both, the identity and the quantity of any dete
pesticide[8]. These routine methods should be simple,
and robust to minimize time spent per sample[9]. In the las
decades, the on-line coupling of efficient liquid chroma
raphy separation with mass spectrometry detector (LC–
has been used for the analysis of pesticide residues[10,11]
and is rapidly becoming an accepted technique for regul
monitoring purposes[12,13].

Advantages of the LC–MS are the reduction of sam
preparation steps that provides a higher sample throu
and the high sensitivity and selectivity that enable

021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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analysis of target analytes at low concentrations. Main dis-
advantage of this technique is that using single quadrupole,
an alternative technique is required to meet the European
Union identification criteria established in the document No.
SANCO/10476/2003[14].

LC in combination with tandem mass spectrometry
(LC–MS–MS) has provided the most powerful confirmatory
tool for the pesticide residue analysis in food[15] because it
discriminates more efficiently than LC–MS between the ana-
lyte and the matrix signal and it is especially relevant when the
ultra-trace levels identification is needed[16]. Several multi-
residue screening methods have been developed for routine
application[17,18]. However, LC–MS–MS has the disadvan-
tages for a routine analysis in the laboratories of being very
expensive, requiring high-pure gas for collision-activated dis-
sociation (CAD), having expensive replacements and being
very delicate in its adjusting.

The common established extraction techniques are based
on complex solvent extraction methods that for solid samples
are also named solid–liquid extraction (SLE). These proce-
dures have some drawbacks such as: they are time consum-
ing, require high amount of sample and solvents, and lack
sufficient specificity to avoid false positives[19]. That is
the reason why they are replaced with faster, less expensive
and easy handled protocols. Matrix solid-phase dispersion
(MSPD) carries out simultaneously sample homogenization,
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dilution of aliquots of the stock solutions in methanol or in
matrix extract.

HPLC-grade methanol, ethyl acetate and dichloromethane
(organic trace analysis) were purchased from Merck (Darm-
stadt, Germany). Deionized water (<18 mol cm−1 resistivity)
was obtained from the Milli-Q SP Reagent Water system
(Millipore, Bedford, MA, USA). All the solvents and solu-
tions were filtered through a 0.45�m cellulose filter from
Scharlau (Barcelona, Spain) before use.

The solid phase for MSPD was C18 bonded silica
(40–60�m) from Analisis Vinicos (Tomelloso, Spain).

2.2. Sample preparation

Oranges, tangerines, grapefruits and lemons used as blank
samples (samples with no detectable residues) and as spiked
ones were from organic farming without use of pesticides and
obtained from a local market. The developed procedure was
also applied to the analysis of 80 samples that were taken,
at random, out of those conventionally farmed. The samples
were taken in accordance with the guidelines of the EU[5];
which means that, as far as possible, the sample was taken at
various places distributed throughout the lot (size ca. 50 kg).
The samples, weighting at least 1 kg, consisted of 10 individ-
ual fruits, were immediately stored in polyethylene bags for
transporting to the laboratory. Samples were stored at 4◦C
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xtraction and clean-up[20] using a relative small samp
ize, low solvent volume and minimum amount of sampl
he last years, it has been increasingly applied for isola
esticides from fruits and vegetables[19–21].

The aim of this work was to develop a rapid, specific
ensitive analytical method for the routine analysis of
idely used pesticides in citrus fruits at concentration le

ower than their respective MRLs. These pesticides
een scarcely studied previously. It involves a rapid

ow time-consuming MSPD extraction that accomplis
igh sample throughput and routine determination of
ample using LC–MS with single quadrupole monitoring
ain ion obtained for each analyte ([M + H]+ or [M + Na]+).
he confirmation of positive samples was perform
y LC–MS–MS using either triple quadrupole (TQ)
uadrupole ion trap (QIT) to meet the European Un
equirements.

. Experimental

.1. Materials and standards

Pesticides (buprofezin, bupirimate, hexaflumu
yriproxifen, tebufenpyrad and fluvalinate) were supp
y Riedel-de Häen (Seelze, Germany). Individual sto
olutions were prepared dissolving 10 mg of each comp
n 10 ml of methanol and stored in stained glass-sto
ottles at 4◦C. Standard working mixtures for each pestic
t various concentrations were daily prepared by approp
ntil the moment of extraction and analyses were carrie
or the next 24 h to avoid problems of stability during
torage.

They were analyzed unwashed and unpeeled be
panish legislation establishes the MRLs in mg kg−1 of
hole sample. A representative portion of sample (2
hole fruit) was chopped into small pieces and homogen

n a Bapitaurus food chopper (Taurus, Berlin, Germany).
ubsamples (30–40 g) of these representative portions
tored at−20◦C because it was necessary to repeat the
sis. No degradation of the pesticides, when they are pre
as detected under these conditions.

.2.1. Matrix solid-phase dispersion procedure
Portions of 0.5 g of chopped sample were weighed, pl

nto a glass mortar (50 ml) and gently blended with 0.5
18 bonded silica for 5 min using a pestle, to obtain ho
eneous mixture.

The homogeneous mixture was introduced into
00 mm× 9 mm I.D. glass column, and eluted dropwise w
0 ml of a dichloromethane-methanol (80:20, v/v) mixt
y applying a slight vacuum. The eluated was collecte
graduated conical tube (15 ml capacity) and concentr

nder stream of nitrogen, to 0.5 ml. An aliquot of 5�l of the
nal extract was injected into the LC apparatus.

.2.2. Solid–liquid extraction procedure employing ethy
cetate

Fifty grams of chopped sample placed in a 250 ml g
eaker were mixed thoroughly with 100 ml of ethyl ace



226 C. Soler et al. / J. Chromatogr. A 1088 (2005) 224–233

and 50 g of anhydrous sodium sulfate using a Warring blender
for 2 min. The homogenate was allowed to settle and the
supernatant was passed through a filter paper into 500 ml
rotator-evaporation flask. The solid residue was again ho-
mogenized with 100 ml of ethyl acetate, filtered through the
anhydrous sodium sulfate and collected with the first extrac-
tion fraction. Twice 25 ml ethyl acetate were used to rinse the
glass beaker and the rinsings were passed through the filter
and collected. The extract was evaporated to less than 5 ml
using rotary evaporator, set at 40◦C and 250 mbar. Then, it
was passed to a graduate conical tube (15 ml) and evaporated
to dryness under a stream of nitrogen. The sample was recon-
stituted in 10 ml of methanol. A volume of 5�l of the final
extract was injected into the LC–MS system.

2.3. Routine LC–MS analysis using a single quadrupole

The separation was achieved on an analytical column
Luna C18 (150 mm× 4.6 mm I.D., 5�m) preceded by
a securityguard cartridge C18 (4 mm× 2 mm I.D.), both
from Phenomenex (Cheshire, UK). The mobile phase was
methanol-water at a flow-rate of 0.6 ml min−1. The solvent
composition was 70% methanol at 0 min, and linearly
increased to 90% methanol at 35 min. The separation
conditions were the same for the three LC–MS equipment
used: the single quadrupole, TQ and QIT.
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degasser GT-154, and a Shimadzu System Controller SLC-10
A.

Parameters were optimized by continuous infusion of a
standard solution (10�g ml−1) via a syringe pump at a flow
rate of 20�l min−1, which was mixed with the mobile phase
at 0.6 ml min−1 by means of a T piece. Analysis was per-
formed in both positive and negative ion modes (the positive
or negative polarity of some voltages change according to the
ionization mode). The ESI source values were capillary volt-
age, 3 kV; extractor, 2 V; RF lens, 2 V; source temperature,
120◦C; desolvation temperature, 350◦C; and desolvation
and cone gas (nitrogen 99,99% purity) flows, 400 and
40 l h−1, respectively. The analyzer settings were resolution,
15.0 (unit resolution) for the first and third quadruples; ion
energy, 2; entrance and exit energies, 0; multiplier, 650;
collision gas (argon, 99.995%) pressure 2.73× 10−3 mbar;
interchannel delay, 0.02 s; total scan time, 1.01 s. Transition
selected and conditions used are summarized inTable 2.

2.4.2. Quadrupole ion-trap mass spectrometer
conditions

The LC–QIT–MS system consisted of an Esquire3000 Ion
Trap LC/MSn system (Bruker Daltonik GmbH, Germany),
the Agilent HP1100 LC system, a computer (HP PC) and a
data acquisition/processing Daltonic Esquire Control Soft-
ware system 3.0.
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LC was performed using a Hewlett-Packard (Palo A
A, USA) HP-1100 Series LC/MSD system consis
f an autosampler, a binary solvent pump, and a m
pectrometry detector (MSD), equipped with an electros
onization (ESI) interface in positive ionization (PI) mo
ptimization of the LC–MS conditions was carried
y varying them in flow injection analysis (FIA) of th
nalytes (20�l of 10 mg ml−1 individual standard solutions
he optimized parameters of the interface were: vapo

emperature, 325◦C; nebulizer gas (nitrogen) pressu
0 psi (1 psi = 6894.758 Pa); drying gas (nitrogen) flow r
0 ml min−1; and temperature, 350◦C; capillary voltage
500 V; fragmentator, 80 V; gain, 3.

Full-scan LC–MS chromatograms were obtained by s
ing from m/z 100 to 600. Time scheduled conditions
onitoring pesticides are reported inTable 1.

.4. LC–MSn confirmatory analysis

In positive samples, two confirmatory analyses w
onducted as is indicated in the document No. SAN
0476/2003 European Union Guidelines.

.4.1. Triple-quadrupole mass spectrometer conditions
A TQ mass spectrometer Quattro LC from Microm

Manchester, UK), equipped with a pneumatically ass
lectrospray probe, a Z-spray interface and a Mass Lyn
oftware Ver. 3.5 was used for the MS/MS analyses coup
he Shimadzu LC consisted of a Shimadzu, autoinjector
D, a Shimadzu high pressure pump LC-10 AD, a Shima
The Esquire3000 was equipped with an ESI source
perated in both positive and negative polarity. The m
pectrometer was tuned for each compound, optimizin
onization source parameters, voltages on the lenses an
onditions in the ExpertTune mode of the Daltonic Esq
ontrol software whilst infusing a standard solution in
ame way that for the TQ at a flow rate of 4�l min−1. Oper-
ting conditions of the source were end plate 450 V, capi
oltage, 4500 V; nebulizer pressure, 50 psi and drying
ow 10 l min−1 at a temperature of 350◦C.

The mass spectrometer was run in full scan, and mu
eaction monitoring (MRM) modes. Negative and posi
ons were detected using the standard scan at normal r
ion (scan speed 10,300m/zs−1; peak width 0.6 full width a
alf maximum (FWHM)/m/z). The trap parameters were

n ion charge control (ICC) using rolling averaging set
ith a target of 100,000, and maximum accumulation
f 50 ms atm/z range from 100 to 600 u. The fragments

ragmentation conditions are summarized inTable 2.

. Results and discussion

.1. LC–MS analysis and quality parameters

Both atmospheric pressure interfaces (API), atmosp
ressure chemical ionization (APCI) and ESI, were stud
sing ESI source, all the studied pesticides can be d
ined in positive ionization mode (PI), whereas in nega
ne, only hexaflumuron and fluvalinate gave response. U
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Table 1
Structure and molecular and fragment ions obtained by LC–ESI–MS

Compound Structure Time
(min)

SIM ion
(m/z)

Main ions (m/z)
(relative abundance)

Confirmatory (m/z)
ions

Optimal fragmentor to
see the confirmatory
ion (V)

Bupirimate (316) 7.99 317 317 [M + H]+ (90) 237 [M− SO2CH3]+ 100

339 [M + Na]+ (100)

Hexaflumuron (460) 12.89 483 483 [M + Na]+ (100)

Tebufenpyrad (333) 15.44 356 356 [M + Na]+ (100) 147 [CH2C6H4C(CH)3]+ 160

334 [M + H]+ (65)

Buprofezin (305) 16.4 306 306 [M + H]+ (100) 201 [M− C6H5NCH2]+ 120

328 [M + Na]+ (10)

Pyriproxyfen (321) 17.52 322 322 [M + H]+ (100) 227 [M + H-C5H4NOH]+ 100

344 [M + Na]+ (60)

Fluvalinate (502) 29.9 525 525 [M + Na]+ (100)
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Table 2
Transitions and conditions used by TQ and QIT

Compound TQ QIT

Transitions Cone (V) Collision (eV) Dwell (s) Transitions Cutoff Amplitude Width

Bupirimate 317→ 166 30 25 1.2 317→ 237 100 1.5 1
317→ 108

Hexaflumuron 459→ 439 20 10 0.5 459→ 439 100 1.2 1

Tebufenpyrad 334→ 146 30 30 1.2 334→ 146 100 1.5 1
334→ 171 334→ 171

Buprofezin 306→ 201 12 20 1.2 306→ 201 100 1.0 1
306→ 116

Piryproxyfen 322→ 96 15 15 1.2 322→ 227 100 2.0 1
322→ 227

Fluvalinate 474→ 446 20 12 0.3 339→ 163 100 1.0 2

APCI in PI mode, bupirimate, buprofezin, tebufenpyrad
and pyriproxyfen provided signal, but not hexaflumuron
and fluvalinate. ESI source provided greater sensitivity than
APCI.

According to the reported ESI theory[23,25], this inter-
face present substantial advantages because the sample can
be directly ionized in the liquid phase at quasi-ambient tem-
perature (the interface is at ambient temperature and only the
drying gas blown into it for evaporating and droplet shrink-
age is a 350◦C), minimizing the degradation of thermolabile
compounds. The soft ionization assumes that the detected
gas-phase ions are a true representation of the ions in the
sample[22–25].

The main ions obtained and their tentative assignations
are shown inTable 1. The ions monitored in SIM were
separated in four windows to detect the analytes with
sufficient instrumental sensitivity. The mass spectra showed
the molecular sodium adducts [M + Na]+ for hexaflu-
muron and fluvalinate and both, the protonated molecules
[M + H] + and the sodium adducts [M + Na]+for bupirimate,
pyriproxyfen, tebufenpyrad and buprofezin. Formation of
sodium adducts has extensively been reported in ESI for
the pesticides with functional groups that can donate a lone
pair of electrons[11,16]. The source of sodium is debatable
because it can come from the glassware that contacts with
the sample, from the methanol used in the mobile phase (it
i etc.
[
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p ere
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s ristic
f n
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p first
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instrument[26]. Bupirimate, tebufenpyrad, buprofezin and
pyriproxyfen at high fragmentor voltages generate one
fragment ion (atm/z 237, 147, 201 and 227, respectively)
that can be used as diagnostic ion. Fluvalinate and hex-
aflumuron, which only form the sodium adduct, did not
fragment.

The quality control procedures established by the EU[14]
indicate that the minimum requirement for confirmation of
identity is data from two ions ofm/z>200; or three ions ofm/z
> rting
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17].

The ions monitored in selected ion monitoring (SI
Table 1) were the base-peaks of the mass spectrum for
esticide. For bupirimate, buprofezin and pyriproxyfen w

he protonated molecule, and for fluvalinate, tebufenp
nd hexaflumuron, the sodium adduct.

Although ESI is the most soft-ionization technique of A
ources, ions can be fragmented to produce characte
ragments as it is reflected inTable 1. This fragmentatio
s performed in the single quadrupole by increasing
otential between the entrance capillary and the
kimmer (fragmentor) in the ion-focusing region of
100. If these requisites cannot be met, additional suppo
vidence should be provided.

Confirmatory analysis was carried out by MS–MS us
ither QIT or TQ. In this case, fluvalinate and hexaflumu
ere determined by NI mode, as it was studied in a prev
ork [27], because using these mass spectrometers

onization mode can be alternated in the same run an
eprotonated molecule can be fragmented for identific
urposes. Taking into account the transitions and condi
eported inTable 2, which were optimized in a previo
ork [27] the EU criteria is met by TQ for the six studi
esticides and by QIT for five of them, excluding o
uvalinate.

The limits of detection (LODs), limits of quantificatio
LOQ), linearity, run-to-run and day-to-day precision w
btained for standards of the studied pesticides in meth
sing SIM mode to validate LC–MS procedure. The LO
ased on a signal-to-noise ratio of 3 ranged from 35 p
upirimate to 500 pg for fluvalinate. With an injection volu
f 5�l, this corresponds to LODs from 0.005 to 0.1�g ml−1

detailed inTable 3). The LOQs, based on a signal-to-no
atio of 10, ranged from 0.02 to 0.4�g ml−1, as are also liste
n Table 3.

The calibration graph was plotted (five points) for s
ards solutions between 0.3 and 30 mg kg−1, the respons

unction was found to be linear with a coefficient of de
inationr = 0.998. The relative standard deviations (RS

or an injection of 0.3 mg kg−1 ranged from 3.3 to 4.6% fo
un-to-run precision, and from 4.2 to 8.3% for day-to-
recision.



C. Soler et al. / J. Chromatogr. A 1088 (2005) 224–233 229

Table 3
Instrumental LODs and spiked levels used to validate the procedure

Compound LMR Spain legislation (mg kg−1) Spiking level I (LOQ)
(mg kg−1)

Spiking level II (10 LOQ)
(mg kg−1)

LOD (�g ml−1)

Oranges Tangerines Grapefruits Lemons

Bupirimate 0.05 0.05 0.05 0.05 0.02 0.2 0.005
Hexaflumuron 0.5 0.5 0.5 0.5 0.2 2 0.05
Tebufenpyrad 0.5 0.5 0.5 0.5 0.2 2 0.05
Buprofezin 0.2 0.2 0.2 0.2 0.08 0.8 0.02
Pyriproxyfen 0.5 0.5 0.5 0.5 0.2 2 0.05
Fluvalinate 1 1 1 1 0.4 4 0.1

3.2. Matrix effect

One drawback, especially when using electrospray ion-
ization, is the presence of matrix components that can affect
the ionization of the target analytes. The mechanism and the
origin of the matrix effect results from competition between
matrix and analyte ions in the sprayed solution for access
to droplet [28]. Depending on the environment in which
ionization and ion-evaporation take place, this competition
may effectively decrease (ion suppression) or increase (ion
enhancement) the efficiency of analyte ion formation[29].

The matrix effect was evaluated by comparison of the re-
sponse of pesticides standards prepared in orange, tangerine,
grapefruit, and lemon extracts with standards in methanol,
at LOQ and 10 times LOQ concentrations. Matrix matched
standards for MSPD and ethyl acetate methods were pre-
pared extracting samples that contain no detectable residues
according to the procedures described in Sections2.2.1 and
2.2.2, respectively. The final extracts were evaporate to dry-
ness and then, redissolved in standards prepared in methanol
at appropriate concentration.Fig. 1illustrates the differences
in response observed at LOQ level by MSPD and SLE.
Fig. 1. Matrix effects by LC–ESI–MS after (A) SLE with ethyl ace
tate and (B) MSPD extraction procedure at LOQ concentrations.
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Fig. 2. Chromatograms of spiked orange at LOQ concentration (seeTable 3) by (A) ethyl acetate and (B) MSPD. Peak identification: (1) bupirimate, (2)
hexaflumuron, (3) tebufenpyrad, (4) buprofezin, (5) pyriproxyfen and (6) fluvalinate.

All pesticides showed in matrix obtained by SLE a
considerable suppression in relation to the response obtained
in pure solvent standard. This suppression is less highlighted
for buprofezin but is higher than 20% for hexaflumuron,
tebufenpyrad, bupirimate and fluvalinate. Pyriproxyfen
presents an enhancement in its response (15%). On the con-
trary, the response of pesticides obtained by MSPD shows
an enhancement or suppression <10%. The use of matrix
matched standards to compensate the signal suppression is
required for the SLE but not for MSPD.

3.3. Method validation

The accuracy (as recoveries), precision (as repeatability)
and LOQs were established to validate the procedure.

LOQs, according to the EU guidelines were defined as
lowest concentration that provided acceptable recoveries
and RSDs (<19%)[30]. LOQs correspond to the lower
calibration level reported inTable 3 as it is empirically
verified by analyzing samples spiked with the pesticides

at these concentration levels.Fig. 2 shows chromatograms
obtained from a spiked orange sample at LOQ concentrations
by MSPD and SLE with ethyl acetate. MSPD provided
higher quality clean-up than ethyl acetate extraction as it
is reflected in the fact that the chromatogram obtained with
MSPD has less matrix peaks which can interfere with the
analyte signal than that obtained by ethyl acetate.

Although the sample is more concentrated (5-fold) by
ethyl acetate extraction than by MSPD, LOQs obtained
by both techniques were almost equal because MSPD
reduces matrix effects, baseline noise and interfering peaks
from the matrix. The recovery and the relative standard
deviations obtained from spiked samples at two fortifica-
tion levels, LOQ and 10 LOQ, by MSPD are shown in
Table 4. The recoveries of pesticides meet the EU criteria
(>70%), except for hexaflumuron (∼60%). They seem to
be independent of matrix and the spiked level. A good
repeatability (n= 5) with RSDs ranging from 5 to 16% at
LOQ level and from 8 to 19% at 10 times LOQ level was
observed.

Table 4
Recovery and repeatability of the method by MSPD extraction

Sample Concentration Bupirimate Hexaflumuron Tebufenpyrad Buprofezin Pyriproxyfen Fluvalinate
Recovery, %
(RSD,%)

Recovery, %
(RSD,%)

Recovery, %
(RSD,%)

Recovery, %
(RSD,%)

Recovery, %
(RSD,%)

Recovery, %
(RSD,%)

O
7

T
7

G
7

L
7

S ation.
range Spiking level I 97 (16) 59 (8)
Spiking level II 84 (11) 65 (9)

angerine Spiking level I 84 (9) 57 (8)
Spiking level II 92 (10) 61 (10)

rapefruit Spiking level I 86 (9) 58 (7)
Spiking level II 91 (8) 63 (10)

emon Spiking level I 85 (14) 59 (8)
Spiking level II 87 (19) 64 (9)

piking level I: LOQ concentrations; spiking level II: 10 LOQ concentr
75 (9) 87 (15) 74 (14) 79 (12)
3 (10) 88 (19) 81 (16) 75 (9)

80 (10) 82 (12) 69 (8) 81 (15)
6 (9) 87 (11) 76 (11) 78 (10)

69 (5) 81 (13) 68 (8) 71 (8)
2 (11) 78 (9) 51 (9) 75 (10)

68 (8) 85 (10) 73 (13) 72 (9)
5 (10) 79 (9) 75 (9) 71 (8)
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The developed MSPD method was compared to an es-
tablished ethyl acetate extraction procedure.Table 5lists the
recoveries and RSDs obtained for SLE with ethyl acetate fol-
lowed by LC–MS. The recoveries ranged from 68 to 92% and
the RSDs ranged from 4 to 13%. The results are almost equal
than those obtained by MSPD. The most marked difference
is observed for hexaflumuron, which is better extracted using
SLE with ethyl acetate.

Of the two method studied for isolating pesticides, MSPD
was preferred for determining pesticides in real samples be-
cause it offers simplicity and less consumption of solvent

as advantages when it is compared with a classical SLE
method.

3.4. Application in real samples

The procedure was applied to the analysis of 80 samples
from conventional farming, taken from different local mar-
kets. With each batch of 10 samples, a five-point calibration
curve was prepared for analyte concentrations between the
LOQs and 10 LOQs by injections before and after those of the
sample extracts. In addition, 2 quality control (QC) samples

F
T

ig. 3. Chromatogram of tangerine sample no. 8 that contains pyriproxyfen
Q and (C) QIT. Peak identification as inFig. 2.
at 0.6 mg kg−1 (seeTable 6) after MSPD obtained by (A) single quadrupole, (B)
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Table 5
Recovery and repeatability of the method by SLE extraction with ethyl acetate

Sample Concentration Bupirimate Hexaflumuron Tebufenpyrad Buprofezin Pyriproxyfen Fluvalinate
Recovery
(%) (RSD)

Recovery
(%) +RSD

Recovery
(%) +RSD

Recovery
(%) +RSD

Recovery
(%) +RSD

Recovery
(%) +RSD

Orange Spiking level I 79 (16) 74 (9) 78 (8) 85 (10) 90 (18) 70 (10)
Spiking level II 82 (10) 77 (10) 83 (9) 82 (9) 91 (9) 77 (8)

Tangerine Spiking level I 81 (12) 75 (13) 80 (10) 92 (12) 88 (10) 72 (6)
Spiking level II 89 (17) 72 (10) 82 (11) 89 (13) 81 (11) 75 (11)

Grapefruit Spiking level I 77 (14) 73 (8) 84 (12) 86 (9) 89 (12) 76 (9)
Spiking level II 79 (15) 69 (11) 81 (17) 83 (11) 83 (10) 78 (10)

Lemon Spiking level I 76 (11) 70 (9) 85 (14) 90 (15) 82 (15) 68 (8)
Spiking level II 75 (9) 82 (12) 81 (13) 84 (12) 78 (9) 71 (14)

Spiking level I: LOQ concentrations; spiking level II: 10 LOQ concentration.

were injected in every batch of samples. The QC samples
were blank lemon sample fortified at LOQ level and 10 times
the LOQ level. All the samples were injected in duplicate.

The results for samples that contain pesticides residues
are summarized inTable 6. The concentration levels were
lower than the MRLs established for all pesticides, except
pyriproxyfen, that exceed in one positive sample, reaching
the value of 0.6 mg kg−1.

Pyriproxyfen was found and quantified in seven differ-
ent samples because this pesticide is a widespread-used in-
secticide in the citrus crops in the Valencian Community.
However, hexaflumuron was not detected in any commercial
samples analyzed, because it is more applied to another type
of crops such as apples and pears.

Table 6
Pesticides detected in real samples

No. sample Compound Concentration (mg kg−1) Confirmation

MSPD TQ QIT

Oranges
1 Pyriproxyfen 0.2 + +
2 Tebufenpyrad 0.1 + +

Fluvalinate 0.4 + +
3 Pyriproxyfen 0.2 + +
4 Buprofezin 0.1 + +

T

G

L

Fig. 3shows one chromatogram corresponding to the tan-
gerine sample (sample no. 8) that contained pyriproxyfen
at concentration level of 0.6 mg kg−1. This figure shows the
chromatogram obtained by LC–MS using single quadrupole
and the confirmatory chromatograms obtained LC–MS/MS
with TQ and QIT.

The identity of the detected residues was confirmed by
LC–MS–MS using TQ and QIT. As it is deduced fromTable 6
andFig. 3, no false positives were detected by conventional
LC–MS with single quadrupole. So, although LC–MS needs
a confirmatory tool as it is regulated in the European leg-
islation, this technique provide an efficient and fast method
identifying and quantifying pesticides in citrus samples.

4. Conclusions

MSPD followed by LC–ESI–MS has been validated for
determining bupirimate, buprofezin, hexaflumuron, fluvali-
nate, pyriproxyfen and tebufenpyrad in citrus fruits. The ap-
propriate selectivity and sensitivity accomplish identification
and quantification of low levels of the determined pesticides.
Further evidence of the identity can be obtained by MS–MS
using either TQ or QIT.

The application of MSPD to complex matrices can re-
duce the matrix effects. Moreover, other advantages of this
e mple
n ample
t with
m ctive
a ues
s

as
t trict
c does
n

A

in-
i ional
angerines
5 Pyriproxyfen 0.2 + +
6 Fluvalinate 0.3 + +
7 Tebufenpyrad 0.4 + +

Fluvalinate 0.5 + +
8 Pyriproxyfen 0.6 + +

rapefruits
9 Pyriproxyfen 0.2 + +

Bupirimate 0.1 + +
10 Fluvalinate 0.3 + +
11 Pyriproxyfen 0.3 + +

emons
12 Bupirimate 0.2 + +
13 Buprofezin 0.1 + +
14 Pyriproxyfen 0.1 + +
15 Tebufenpyrad 0.2 + +
xtraction procedure are, the reduction in amount of sa
eeded, and of required organic solvent that increases s

hroughput, and that the results obtained compare-well
ore established procedures, making MSPD an attra
lternative for the more conventional extraction techniq
uch as ethyl acetate extraction.

The applicability of the method to routine analysis w
ested in real samples with good performance. Most s
onfirmatory methods showed that the proposed method
ot provide false positive.
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153.
[12] T. Reemtsma, Trends Anal. Chem. 20 (2001) 500.
[13] E. Lacassie, M.F. Dreyfuss, J.L. Daguet, M. Vignaud, P. Marquet,

G. Lachatre, J. Chromatogr. A 830 (1999) 135.
[14] Document No. SANCO/10476/2003, Quality Control Procedures for

Pesticides Residue Analysis.
[15] O.J. Pozo, J.M. Marin, J.V. Sancho, F. Hernandez, J. Chromatogr. A

992 (2003) 133.
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