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Abstract

In this work, a new multi-residue methodology using liquid chromatography—time-of-flight mass spectrometry (LC-TOF-MS) for the
quantitative (routine) analysis of 15 pesticide residues has been developed. The analytical performance of the method was evaluated for different
types of fruit and vegetables: pepper, broccoli, tomato, orange, lemon, apple and melon. The accurate mass measurements were compare
in different matrices at significantly different concentration levels (from 0.01 to 0.5 mg/kg) obtaining accuracy errors lower than 2 ppm,
which is well within the accepted limits for elemental confirmation. Linearity of response over two orders of magnitude was demonstrated
(r>0.99). Matrix effects resulting in suppression or enhancement of the response were frequently observed, most notably in broccoli and
citrus. Instrumental limits of detection (LOD) were between 0.0005 and 0.03 mg/kg depending on the commodity and pesticide studied, all
being within European Union regulations for food monitoring program. Finally, the methodology was applied to the analysis of two samples
from an inter-laboratory exercise. The high degree of confirmation for target pesticides by accurate mass measurements demonstrated the
applicability of the method in routine analysis. This study is a valuable indicator of the potential of LC-TOF-MS for quantitative multi-residue
analysis of pesticides in vegetables and fruits.
© 2005 Published by Elsevier B.V.
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1. Introduction maximum residue limits, which are typically lower than the
previous ones. For example, in Europe the new Directive also
In recent years, the established regulations regarding thelead to the harmonization of the MRL for each EU country
maximum residue levels (MRLs) in commaodities have be- and, in some cases, individual country MRLs are not decided.
come more and more stringent. The European Union (EU) Therefore, EU directives are setting different MRLs for each
has set new Directives for pesticides at low levels in vegeta- pesticide within each food group. Typically, the MRLs range
bles in order to meet these health concerns. For example, newirom 0.01 to 3 mg/kg depending on the commodity and pes-
laws such as the European Directive 91/414/EEC, or the Foodticide [1]. For fruits and vegetables intended for production
Quality Protection Act (FQPA) in the USA have increased the of baby food, an MRL of 0.01 mg/kg is applicable for all pes-
standards for human health, workers, and environmental pro-ticides[2], and finally, banned compounds have the lowest
tection. The quality standards include the re-assessment of theVIRLs at 0.01 mg/kg.
The low MRLs have fostered the development of more
—_— powerful sensitive analytical methods to meet the require-
" Corresponding author. ments in complex samples, such as food. In this sense, liquid
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mode has become so far, the most widely used technique Finally, this paper presents a detailed overview of the ac-
for the quantitation of (polar) pesticides in food as reported curacy and precision of a multi-residue method for pesticides
extensively in the literaturf8—14]. On the other hand, high-  in complex fruit and vegetable matrices. The present strate-
resolving power mass spectrometric techniques such as timegies and technical development of such methodology are de-
of-flight mass spectrometry (TOF-MS) have been applied in scribed in regard to identification and quantification.

the environmental field mainly for structure elucidation or

confirmation purposegl5-19] LC-TOF-MS has been ap-

plied for confirmatory analyses rather than for quantitation 2. Experimental

mainly because of well-known limitations such as the nar-

row dynamic range. Another disadvantage has been the lack2.1. Chemicals and reagents

of accuracy of some instruments to achieve the 2-5 ppm er-

ror level, usually needed when analyzing complex matrices  Pesticide analytical standards were purchased from Dr.
for unequivocal identification of the target analyf&8,20] Ehrenstorfer (Ausburg, Germany). Chemical structures for
However, the use of TOF-MS techniques has become necesthe pesticides studied in this work are showfiig. 1 Individ-

sary in the last few years for the unequivocal identification ual pesticide stock solution (200-3@@/ml) were prepared

of contaminants and veterinary drugs in mgt] and to  in pure methanol and stored-al8°C. HPLC-grade acetoni-
achieve the EU requirements regarding the number of identi- trile and methanol were obtained from Merck (Darmstadt,
fication points for a positive findin22]. In addition, the use  Germany). A Milli-Q-Plus ultra-pure water system from Mil-

of TOF-MS allows the capability of non-targetidentification, lipore (Milford, MA, USA) was used throughout the study
because the full-spectrum is recorded at all times, which is to obtain the HPLC-grade water used during the analyses.
not possible with standard monitoring practices that use sin- Formic acid was obtained from Fluka. Pesticide-grade ethyl
gle ion monitoring or multiple reaction monitoring (MRM)  acetate and anhydrous sodium sulphate were from Panreac
techniques. (Barcelona, Spain).
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Fig. 1. Chemical structures of the selected multi-class pesticides.
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2.2. Sample treatment Table 1

LC-TOF-MS operational parameters in positive ESI ion mode

Vegetable samples were obtained from the local markets. Parameter Value

“Blank” vegetable and fruit extracts were used to prepare capillary voltage 4000V
the matrix-matched standards for validation purposes. TheNebulizer pressure 40 psig
extraction procedure was as follows: a 15-g portion of sample gry'”g gas 9;)’8;]':”
previously homogenized was weighted in a 200ml PTFE Frisgtrs'e“n‘zsf\’/tglzzge 190V
centrifuge tube. Then, 90 ml of ethyl acetate and_l mMINaOH syimmer voltage 60V
(6.5 M) were added and the sample was blended in a Polytronoctapole DC 1 37.5Vv
(high-speed blender) for 30 s at 21,000 rpm. The extract wasOctapole RF 250V
then filtered through a layer of 20 g of anhydrous,S@y. Mass rangert/2) 50-1000

Resolution 950@-500 (922.0098)

After that, the.solld was washed with 50 ml of ethyl acetate Reference masses 121.0500; 922.0098
and the combined extracts were evaporated to dryness on &
vacuum rotary evaporator using a water bath at-45C.
The remaining residue was dissolved by sonication in 15 ml accurate mass spectra were recorded across the range from
of methanol. The extracts obtained this way, containing 1 g 50 to 1000nvz. The data recorded was processed with the
of sample per ml, were filtered through 048 PTFE filters Applied Biosystems/MDS-SCIEX Analyst QS software
(Millex FG, Millipore, Milford, MA, USA) before analysis. (Frankfurt, Germany) with accurate mass application-
Quantitation of sample extracts during validation was specific additions from Agilent MSD TOF software. The
done using a calibration curve based on matrix-matched stan-mass axis was calibrated using the mixture provided by
dards (blank extracts fortified with the analytes). The matrix the manufacturer over thevz 50-3200 range. A second
blank residues were fortified with a mixture of the pesticides orthogonal sprayer with a reference solution was used as a
studied at concentrations ranging from 0.01 to 0.5 mg/kg in continuous calibration using the following reference masses:
order to have a wide range of concentrations. The integrated121.0509 and 922.0098vz (resolution: 950@ 500 at
peak area data of the selected quantification masses wer®22.0098Wz). Spectra were acquired over titgz50—-1000
used to construct the calibration curves. The linearity in the range at a scan rate of one second per spectrum. Optimiza-
response was studied by using standards prepared in purdéion of LC-TOF-MS parameters such as capillary voltage,
solvent and by comparing it with matrix-matched extract nitrogen flow, drying temperature and fragmentor voltage
solutions to evaluate possible matrix effects. The limits of de- were carried out by chromatographic separation of the
tection (LODs) were determined as the analyte concentrationmixture of pesticides under the conditions described above.
that gave a signal-to-noise of 3, as calculated by the instru-
ment software, and empirically verified by analyzing pesti-
cide mixtures at these concentration levels in matrix extracts. 3. Results and discussion

2.3. LC-TOF-MS 3.1. LC-TOF-MS parameter optimization

Liquid chromatography—electrospray ionization—time- The main instrumental parameters (drying and nitrogen
of-flight mass spectrometry (LC-ESI-TOF-MS), in positive flow rates, vaporizer and drying temperatures and capillary
ionization was used to detect the pesticides. The separatiorvoltage) were optimized to provide the best possible sensi-
of the selected pesticides was carried out using an HPLCtivity (Table J). However, the effect of all these parameters in
system (consisting of vacuum degasser, autosampler and dhe studied ranges did not affect significantly the signal of the
binary pump) (Agilent Series 1100, Agilent Technologies, analytes, except for the fragmentor voltage, which played an
Palo Alto, CA, USA) equipped with a reversed-phasg C important role in both the sensitivity and fragmentation pat-
analytical column of 150 mm 4.6 mm and Jum particle terns. This parameter is important, because it provides valu-
size (Zorbax Eclipse XDB-C8). Column temperature was able structural information (characteristic fragmentation for
maintained at 25C. The injected sample volume was ol each pesticide), making attainable the accurate mass of each
Mobile phases A and B were acetonitrile and water with 0.1% characteristic fragment ion together with its elemental com-
formic acid, respectively. The optimized chromatographic position[17,18], which can be used with the molecular ion
method held the initial mobile phase composition (10% A) for confident identification criteria.
constant for 5 min, followed by a linear gradient to 100% A For this reason, the voltage value was studied in the
in 25 min. The flow-rate used was 0.6 ml/min. A 12-min post- range from 120 to 250V under optimized source conditions
run time back to the initial mobile phase composition was (seeTable 1. Fragmentor voltages of 250V or higher led
used after each analysis. This HPLC system was connectedo extensive fragmentation even of the reference masses.
to a time-of-flight mass spectrometer Agilent MSD TOF \oltage values of about 120V provided minimal fragmen-
(Agilent Technologies) with an electrospray interface, using tation in most pesticides. Two medium voltage values were
the operational parameters includedable 1 LC-TOF-MS explored for proper optimization: 190V (a medium value
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Table 2

Optimization of fragmentor voltages

m'z Relative abundance (V)
190 230
Cyromazine 167 100 100
125 <5 22
85 <5 24
Carbendazim 192 100 17
160 43 100
Thiabendazole 202 100 100
175 <5 9
Imidacloprid 278 - 38
256* 100 48
210 24 20
209 20 56
175 24 100
Acetamiprid 248 - 25
223 100 77
126 15 100
99 - 12
Thiacloprid 278 - 24
253 100 83
126 16 100
99 - 11
Hexaflumuron 483 100 100
4612 94 80
Teflubenzuron 403 100 100
3812 64 30
Azoxystrobin 402 100 19
372 31 100
344 - 11
Dimethomorph 388 100 100
301 <5 10
Triflumizol 346* 24 5
278 100 100
Methomyl 18% 13 7
163 6 -
106 32 14
88 100 86
73 20 100
Lufenuron 538 100 100
5118 70 70
Flufenoxuron 511 100 100
48 92 46
Spinosad A 732 100 100
544 <5 <5
Spinosad D 746 100 100
558 <5 <5

a Protonated molecule (used for quantitation).
b Sodium adduct.
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as the neonicotinoid pesticides (imidacloprid, acetamiprid,
thiacloprid) [23]. Similarly, cyromazine, carbendazim,
azoxystrobin and dimethomorph needed a high voltage to
fragment as well. On the other hand, methomyl gave abun-
dant fragmentation even at the low fragmentor voltage of
190 V. Finally, thiabendazole, hexaflumuron, teflubenzuron,
lufenuron, flufenoxuron and spinosad did not present a
clear fragmentation even at a high fragmentor voltage. As
a compromise value between sensitivity for guantitation
(using the protonated molecule) and “rich” information
mass spectra, a value of 190V, was chosen for further
experiments. In some exceptional cases (i.e. triflumizol), a
lower voltage yields better sensitivity as well as enhanced
fragmentation. It is important to note the presence of the
sodium adduct as a base peak for the four benzolylurea
pesticides (hexaflumuron, teflubenzuron, lufenuron and
flufenoxuron). However, the protonated molecules are also
present in the spectrum and they can be used for quantitation.

Using the capabilities of optimized in-source fragmen-
tation, LC-TOF-MS becomes an attractive tool for the un-
equivocal identification of pesticides. In fact, the proposed
approach fulfils the EC criteria for the spectrometric iden-
tification and confirmation of organic residues and contam-
inants, which are based on the use of identification points
(IPs). The 2002/657/EC European Commission Decision es-
tablishes the need to obtain three IPs to confirm organic
residues of drugs in food (four if they are banned substances)
[21]. Using the accurate mass of the protonated molecule
along with that of an additional characteristic fragment ion,
the proposed technique meets these regulations.

3.2. Accurate mass measurements

The accurate mass measurements were carried out with the
following procedure. Thez of the analytes (using a mass
interval of 0.2 Da), was extracted from the total ion chro-
matogram (TIC), to obtain an extracted ion chromatogram
(XIC). Once the background of the XIC was subtracted, the
accurate mass spectrum of the compounds was obtained. The
accurate mass of the protonated molecule was used for both
confirmation and quantitation purposes in all cases, except
for methomyl, which presented a main fragmemiZ 88)
as a base peak in the spectrum and in this case the sodium
adduct [M + Nal was the one used for quantitation to avoid
background interferences at the low mass range. The accurate
mass data of the molecular ions were then processed through
the software, which provided a list of possible elemental for-
mula. Once all the possible elements and a minimum and
maximum number of each of those were set along with a
threshold value for errors (i.e. 5 ppm), a list of empirical for-
mulae ordered by error (ppm) was automatically provided

which provides a mild in-source CID fragmentation), and together with the double bond and ring equivalent number
230V (for extensive fragmentation). A comparison of the (DBE).

typical fragment ions obtained and their relative abundances

The list of tentative empirical formulae can be drastically

is summarized iMable 2 Some compounds presented char- reduced by defining the minimum and maximum number of
acteristic fragmentations at a higher fragmentor voltage suchatoms for each molecule. This is the case for analytes with
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one or more chlorine atoms, number that can be easily de-accuracy compared to many previous TOF instruments, in
duced from the isotopic profile of the accurate mass spectra.which the mass calibration was external.
As an example, the accurate mass spectra of triflumizol and The effect of different concentration levels and matrix
hexaflumuron obtained in a matrix-matched standard of pep-complexity on the accurate mass measurements was eval-
per sample are shown iRig. 2 As it can be seen in this  uated in all the matrices tested at different concentration lev-
figure, both the chlorine isotope pattern and its abundanceels across the working range (0.01-0.5 mg/kg). No significant
either in the molecular or in the fragment ion can be eas- differences were observed inthe accuracy obtained in the var-
ily used as a valuable tool for identificati¢tb]. In addition ious matrix-matched standards compared to those prepared
to this, a major number of the proposed formulae are often with pure solvents, keeping the error far below 5 ppm, with
“chemically incoherent” because they contain atoms that are average values of about 2 ppm in all the pesticides (results not
not present in most organic compounds. This fact also helpsshown for all matrices, only for tomato matrix Tfable 3.
in the unequivocal identification of the targeted species and
the assignment of its correct elemental composition. 3.3. Selectivity with accurate mass

The accuracies obtained in the mass measurements of
the protonated molecules of the selected pesticides on The selectivity of LC-TOF-MS relies on the resolving
matrix-matched standards are shownTable 3 (using a power of the instrument on the/z axis. The higher the res-
tomato extract fortified with 0.05mg/kg of each pesticide olution provided by the instrument, the better the selectiv-
as an example). The errors obtained were less than 2 ppmity for unequivocal identification. Taking into account that
in most cases. The widely accepted accuracy thresholdthe resolving power of a TOF instrument is in the range
for confirmation of elemental compositions has been of 5000-10,00Q19] it can discriminate between “isobaric”
established at 5ppm. Therefore, the mass measuremeninterferences within 0.05 Da mass difference (using an ion
accuracy along with the characteristic retention time, usually at 350nvz for example). Therefore, an isobaric interference
provides unique elemental composition assignment. Inin LC-TOF-MS analyses would arise only if an interfering
addition, the mass measurement accuracy is also easilyspecies with the same time retention of the target analyte
achieved for all the characteristic fragment ions, provid- had the same exact mass (differences less than 0.05 Da). This
ing, thus, a double-set of information for unequivocal selectivity is significantly higher than that provided by any
identification. other LC-MS instruments. In addition, and as an alternative, a

The good accuracy results obtained can be attributed tocharacteristic fragment ion accurate mass could be employed
the way the instrument process “all the data, all the time” for quantitation in order to avoid this potential isobaric inter-
and calculates the accurate mass. The instrument uses $erence, using an optimized fragmentor voltage.
dual-nebulizer ion source and an automated calibrant deliv-  On the other hand, as a comparison with triple quadrupole
ery system, which introduces the internal reference massesnstruments, the accurate mass measurement capabilities
(121.0509 and 922.0098) at a very low flow rate, combined of TOF instruments can provide valuable evidence for an
with a software package, which is constantly auto-calibrating unavoidable isobaric interference, which might occur in
and recording the results of the internal reference massescomplex samples. This kind of interferences yield well-
along with the raw data. This strategy provides enhancedknown overestimation errors for example in LC—-Q-MS and

Table 3
LC-TOF-MS accurate mass measurements in a tomato extract fortified with the pesticide mixture
Compound Formula Retention time Selected ion  m/zexperimental m/z calculated Error

mDa ppm
Cyromazine GH10Ns 3.2 [M+H]* 167.1040 16710397 0029 Q17
Carbendazim 6HoN3O, 6.1 [M+H]* 192.0767 1927675 —0.05 027
Thiabendazole @H7N3S 75 [M+H]* 202.0430 20D4334 -0.34 17
Methomyl GH10N202S 123 [M+Na]* 185.0355 1883552 -0.02 011
Imidacloprid GH10N50,Cl 15.7 [M+H]* 256.0597 255957 012 047
Acetamiprid GoH11N4Cl 16.6 [M+H]* 223.0742 2237450 -0.3 13
Thiacloprid GoHoN4CIS 177 [M+H]* 253.0308 2533092 -0.12 048
Spinosyn A G1HesNO19 209 [M+H]* 732.4668 7326812 -132 181
Spinosyn D G2Hg7NO1o 219 [M+H]* 746.4832 7488377 -0.57 Q77
Dimethomorph G1H22NO4ClI 228 [M+H]* 388.1310 3883101 —-0.01 003
Azoxystrobin GoH17N30s5 24.3 [M+H]* 404.1243 40412409 020 050
Triflumizol C15H15N3OR3Cl 259 [M+H]* 346.0925 3489285 -0.35 10
Hexaflumuron GsHgN2O3FsClo 27.2 [M+H]* 460.9885 46(®8889 -0.39 085
Teflubenzuron @HgN202F4Cly 27.6 [M+H]* 380.9816 38®8152 0077 Q020
Lufenuron G7HgN203FgCl» 286 [M+H]* 510.9854 51®8570 -0.30 058
Flufenoxuron G1H11N203F6Cl 292 [M+H]* 489.0440 4894351 049 10

Concentration, 0.05 mg/kg.
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Fig. 2. Evidence of the chlorine isotopic pattern by LC-TOF-MS: (a) total ion chromatogram of a pepper-matched standard solution fortified &0.05 mg/
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LC—(TQ)-MS-MS instruments. This is the case of overesti- range 0.01-0.5 mg/kg. The linear calibration curves of four
mation errors due to the contribution from the signal of the of the selected pesticides in different matrices are plotted in
13C isotope of another compound which is one unit mass Fig. 3 As it can be observed in this figure, the linearity of
lower than the target compoufiti7]. This contribution can-  the analytical response across the studied range is excellent,
not be avoided (and even detected) with LC-MS(—MS) in- with correlation coefficients higher than 0.992 in most cases.
struments in SIM or SRM modes. Taking advantage of the Up to now, the analytical linearity of TOF instruments has
m/z resolving power of LC-TOF-MS, accurate mass mea- not enabled its application for quantitative purposes. These
surements can, at the least, unravel the existence of thesénstruments usually suffered from narrow dynamic ranges,
inevitably isobaric interferences. In this sense, to circumvent requiring mathematical algorithms, such as the “time to
these interferences, other characteristic fragment ions fromdigital correction”, in order to attain a longer linear dynamic
the accurate mass spectra of the targeted species could be ennange. This has been a severe limitation on the applicability
ployed “a posteriori” since the full-scan spectra is recorded of TOF-MS for quantitation purposes. An analog to digital

at all times by LC-TOF-MS. convertor (ADC) is used in this work providing thus, an
enhanced linear dynamic range and this makes possible its
3.4. Analytical performance: quantitation successful applicability to pesticide residue routine analyses.

The reproducibility, repeatability and accuracy of the

To confirm the suitability of the method for analysis of method were also evaluated on matrix-matched solutions at
real samples, matrix-matched standards were used in thedifferent concentration levels. The repeatability study was
calibration. Quantitation was carried out under full-scan carried out by injection of the same standard solution five
conditions by using the extracted ion chromatograms (XIC) consecutive times in the same day. The reproducibility study
(usually with a 0.2 Da window) of the protonated molecule was carried out for 5 successive days using the same solu-
for each pesticide, except for methomyl, which gave the tion. The relative standard deviation (RSD) values obtained
sodium adduct. Peak areas of the extracted ions were usedrom run-to-run and day-to-day precision and accuracy stud-
for quantitation. Linearity was evaluated by analyzing these ies are summarized ifable 4at three different concentration
standards solutions at six different concentration levels in the levels. From the results obtained, the developed method was
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Fig. 3. Matrix-matched calibration plots for carbendazim, azoxystrobin, triflumizol and teflubenzuron in different fruit and vegetable matrices.
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found to be precise (with run-to-run instrumental RSD values type of matrix as itis commented in the next section. In gen-

between 0.8 and 7% and day-to-day RSD values between 2eral and in all cases, with the exception of methomyl, the

and 10%). The accuracies and precisions obtained compard.ODs obtained meet the requirements regarding the MRLs

favorably against those traditionally affordable with other imposed by the existing European regulatif2is

LC-MS instruments widely accepted for quantitative pur-

poses. As an example, a typical total ion chromatogram from 3.5. Matrix effects

a 0.01 mg/kg orange-matched standard together with the ex-

tracted ion chromatograms used for quantification purposes  The occurrence of matrix effects in LC—MS is well known,

for some of the selected pesticides is showRitn 4. playing an important role in the quantitation of the pesticides,
The LODs were estimated from the injection of matrix- especially when electrospray ionization is used. Matrix ef-

matched standard solutions at concentration levels corre-fects can both reduce or enhance the response when compared

sponding to a signal-to-noise ratio of about 3. The results to “solvent” standards. The signal suppression—enhancement

obtained in three different matrices are includedable 5 depends strongly on the interface used (ESI in positive mode

Triflumizol, azoxystrobin and spinosad were the most sensi- ysually suffers higher signal suppression/enhancement than

tive Compounds with the lowest LODs in all three matrices. negative mode), on each individual pesticide, on each matrix

The matrix of broccoli yielded the higher LODs due to the tested (i.e. the amount of matrix per ml of extract) and also on

ionization suppression encountered by electrospray of thisthe sample treatment procedure (extraction solvent, clean-up
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Table 4 Table 5
Accuracy and RSD values obtained from the intra- and inter-day study for LODs obtained by LC-TOF-MS in three matrices
validation f=5) Compound LODs\¢g/kg)
Amount added RSD (%
) Orange Pepper Broccoli
Intra-day (mg/kg) Inter-day (mg/k@) v romazine 5 5 10
005 05 0.25 Carbendazim 4 5 8
- Thiabendazole 5 10 5

Cyromazmg il 38 5.9 Methomyl 10 30 50
Carbendazim z 39 6.0 Imidacloprid 5 10 12
Thiabendazole 2 15 36 Acetamiprid 3 5 9
Methomyl 60 66 10 Thiacloprid 1 4 5
Imidacloprid 31 59 61 Spinosad ® 1 2
Acetamiprid 08 08 1 Dimethomorph 5 2 8
Th!acloprld 21 32 10 Azoxystrobin 08 0.3 0.5
Spinosad & 12 26 Triflumizol 05 09 5
Dimethomorph sl 23 104 Hexaflumuron 8 10 25
Azoxystrobin 31 24 57 Teflubenzuron 7 10 20
Triflumizol 38 23 9.4 Lufenuron 5 10 23
Hexaflumuron 5 20 1 Flufenoxuron 4 10 20
Teflubenzuron B 28 10
Lufenuron 56 45 80
Flufenoxuron 5 6.6 92 this case, matrix-matched calibration must be used for quan-

Intra-day values correspond to a melon-matched standard solution at two dif- titation purposes for every type of matrix or sample. The na-

ferent concent_rations and inter-day values correspond to a pepper-matcheclure of the matrix also plays an important role in the matrix

standard solution at 0.25 mg/kg. g . .
effects for some specific compounds. As it can be noticed
in Table  in the case of the broccoli extract, the last four

procedures, etc.). To evaluate the signal suppression/matrixeluting pesticides (hexaflumuron, teflubenzuron, lufenuron

effects, the slopes obtained in the calibration with solvent- and flufenoxuron) presented a higher matrix suppression sig-

based standards for each pesticide were measured and theal, due probably to the hydrophobic complexity of this

slope ratios (matrix/solvent) in the seven different matrices matrix.

tested were calculated. Results are showrainle 6 For ex-

ample, both carbendazim and thiabendazole presented neg3.6. Pesticide residues in market samples

ligible matrix effects in any type of matrix as observed from

the slope ratios. This fact is also confirmed in the matrix-  To evaluate the effectiveness of the proposed methodol-

matched calibration plot for carbendazim frétig. 3. Thus, ogy, it was applied to the analysis of two samples from an

in this case, solvent-based standards could be used for accuinter-laboratory comparison test for pesticide residue analysis

rate quantitation of real samples. On the other hand, for ex- organized by TestQuahftp://www.testqual.con)/ The re-

ample, in the case of triflumizol, the signal obtained strongly sults obtained are shownTable 7 All the target compounds

depends on the matrix, as it can be noticed from the differ- covered by the comparison test were properly identified

ent coefficients (matrix/solvent slope) includediable 6 In (carbendazim, methomyl, imidacloprid and hexaflumuron).
Table 6
Evaluation of matrix effects: comparison of the calibration curve slopes

Matrix: solvent (MeOH/HO) Slope matrix/solvent

Equation r Pepper Tomato Apple Broccoli Lemon Orange Melon
Cyromazine y=2.0x 10°x+ 1600000 ®92 106 105 105 073 122 103 120
Carbendazim y=4.9x 10’x+ 1220000 m97 Q97 099 089 098 108 099 103
Thiabendazole y=7.3x 10°x+ 1300000 ®98 100 096 090 093 110 114 105
Methomyl y=1.6x 10°x+ 33000 0994 Q70 Q79 093 056 126 151 078
Imidacloprid y=9.8x 10°x+ 10000 0998 Q72 094 079 048 057 060 093
Acetamiprid y=2.5x 10"x+ 500000 97 Q76 092 087 055 068 072 106
Thiacloprid y=2.2x 107x+ 740000 0996 082 100 083 055 059 063 095
Spinosad y=6.5x 10’x— 700000 0997 112 108 104 101 119 112 104
Dimethomorph y=9.1x 106x+ 190000 0995 Q97 113 103 069 088 100 097
Azoxystrobin y=7.3x 107x+ 2620000 96 104 088 094 095 082 087 100
Triflumizol y=1.3x 10’x+ 350000 0996 Q98 098 085 074 155 168 125
Hexaflumuron y=1.1x 10°x+ 17000 0999 Q96 078 Q70 022 095 116 105
Teflubenzuron y=9.1x 105+ 20000 ®96 102 Q77 057 033 098 101 089
Lufenuron y=8.2x 10°x+ 2000 0998 104 095 078 023 078 114 098

Flufenoxuron y=1.7x 10°x+ 9000 0995 100 089 071 028 112 132 104
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Table 7

Comparison of LC-TOF-MS and LC-MS results for the analyses of pesticide
residues in certified fruit samples

Sample/pesticide TestQual vafue  LC-TOF-MS LC-MS
Apple

Carbendazim 32 021 017
Methomyl Q27 032 024
Strawberry

Carbendazim a0 025 027
Hexaflumuron ®2 027 026
Imidaloprid Qo9 010 012
Methomyl Q58 053 045
Spinosad - a3 015
Azoxystrobin - 014 017

Concentration units, mg/kg.
2 Assigned value provided by the inter-calibration exercise.

Moreover, two more non-target pesticides studied in the

developed method were also identified (spinosad and azoxys-

trobin) in one of the samples. The results obtained with the
developed LC-TOF-MS method were compared with those
obtained with an LC quadrupole MS method in SIM mode.
Values reported were significantly very close between the two
methods, thus verifying the feasibility of the LC-TOF-MS
method for the quantitative analyses of vegetable samples.
The applicability of the method is thus demonstrated by data
of real samples showing that LC-TOF-MS is suitable for the
analysis of pesticides at low concentration levels, together
with additional information of accurate mass measurements.

4. Conclusions

A study to evaluate the usefulness of LC-TOF-MS for
quantitative analyses of pesticides in fruit and vegetable sam-

gr. A xxx (2005) XXX—XXX
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