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Abstract

A novel analytical approach has been developed and evaluated for the quantitative analysis of a selected group of widely used pesticides
(dimethoate, simazine, atrazine, diuron, terbuthylazine, methyl-parathion, methyl-pirimiphos, endosulfan |, endosulfan I, endosattn sulph
cypermethrin and deltamethrin), which can be found at trace levels in olive oil and olives. The proposed methodology is based on matrix
solid-phase dispersion (MSPD), (with a preliminary liquid-liquid extraction in olive oil samples) using aminopropyl as sorbent material with
a clean-up performed in the elution step with Florisil, followed by mass spectrometric identification and quantitation of the selected pesticides
using both gas chromatography—mass spectrometry (GC—-MS) in selected ion monitoring (SIM) mode and liquid chromatography tandem
mass spectrometry (LC-MS—MS) in positive ionization mode. The recoveries obtained (with mean values between 85 and 115% (obtained at
different fortification levels) with RSD values below 10% in most cases, confirm the usefulness of the proposed methodology for the analyses
of these kind of complex samples with a high fat content. Moreover, the obtained detection limits, which were jaglkgy Sby LC-MS
analyses and ranged from 10 to@kg* by GC—MS meet the requirements established by the olive oil pesticide regulatory programs. The
method was satisfactorily applied to different olives and olive oil samples.
© 2005 Published by Elsevier B.V.
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1. Introduction mainly under thermal conditions which do not alter the olive
oil quality. The positive effects of olive oil on health have
Olive oil represents an important commodity in terms of prompted a demand for this product worldwide.
health and economy in Europe. Thus, this product has agreat The most extensively applied agrochemicals in olive plan-
importance in the sustainable economy of important regions tations of Mediterranean countries are by far herbicides and
in Spain, Greece and Italy. “Virgin” olive oil is obtained from insecticides. These pesticide residues can persist to the har-
the fruit of the olive treeQlea Europaegaexclusively by me- vest stage, making possible the contamination of the olives
chanical and/or physics means without any further treatment,used to produce the olive oil. This can cause the presence of
trace amounts of these pesticides in olive oil samples. Conse-
_ quently, both the European Union and the Codex Alimentar-
* Corresponding author. Tel.: +34 950 01 50 34; fax: +34 950 01 50 84.  jus Commission of the Food and Agriculture Organization of
E-mail addressefgreyes@ujaen.es (J.F. GadReyes), the United Nations (FAQO) have established maximum pesti-
amadeo@ual.es (A.R. Fémmdez-Alba). . . R . . . .
1 present address: Department of Physical and Analytical Chemistry, Uni- Cid€ residue limits in olives and olive oil. Currently, various
versity of J&n, E-23071 X, Spain. Olive Oil Pesticide Residue Regulatory Programs are being
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carried out to up-date and establish new and more stringentof choice taking into consideration these requirements. A
regulations concerning the maximum residue levels in thesesecond point is the fact that very few studies have evaluated
commoditied1]. the application of methods for this kind of samples, based
Analytical problems associated with the analysis of pes- on liquid chromatography—mass spectrometry, even when in
ticides in these fatty foods are well known, especially when many cases herbicides are clear examples of LC amenable
common GC analysis is applied. Therefore sample prepara-compound$13].
tion is a crucial step in the analytical procedure since even As can be seen ikig. 1, MSPD is a SPE based strategy
small amount of lipids can harm columns, detectors or causein which a fine dispersion of the matrix is mixed with a sor-
signal suppression. Many multi-residue procedures employ- bent material (silica, alumina, 1@, etc.) with a mortar and
ing different clean-up techniques and a variety of detection a pestle. After blending, this material is packed into a mini-
methods have been reported for the determination of pesticidecolumn, where the analytes are eluted by a relatively small
residues in olive oil. The most commonly used methodology volume of a suitable eluting solvent. This step can be accom-
is based on Gq2-5] after a comprehensive clean-up step, plished together with a “co-column” clean-up, to achieve a
in most cases based on liquid—liquid partition[6gr] or gel further degree of matrix removal. The co-column material
permeation chromatography (GP[8)9] to separate the low  (florisil or silica, in example) is packed into the bottom of
molecular mass pesticides from the higher molecular massthe same column of the sorbent, cleaning the sample as it
fat constituents of the oil, such as triglycerides. The prepara- elutes from the MSPD sorbent-matrix mixture. Therefore,
tion of oil samples for the determination of pesticides by GC MSPD enables the development of straightforward extrac-
requires the complete removal of the high-molecular-masstion and clean up steps, reducing the use of large amount
fat from the sample to maintain the chromatographic system of toxic solvents and speeding up the sample treatment pro-
in working order. Most methods currently applied are based cess.
on GPC clean up, which represents much analysistime and is Thiswork s focused on the development and evaluation of
typically bottleneck of the analytical procedure furthermore a simple sample preparation strategy based on matrix solid-
large amount of organic wastes are produced that require safgphase dispersion using aminopropyl as sorbent material and
disposal. Other alternatives could include the use of various acetonitrile as eluting solvent, with a clean-up performed in
solid-phase extraction (SPE) based procedures by using adthe elution step using florisil, followed by mass spectromet-
sorbents such as florisil, alumina, silica gel, etc. Afterwards ric identification and quantitation of the selected group of
more sophisticated instrumentation such as supercritical fluidinsecticides and herbicides, typically found in olive oil, us-
extraction (SFE) and pressurized liquid extraction (PLE) are ing both gas chromatography—mass spectrometry (GC-MS)
also tested. However, the practical needs for an appropriatein selected ion monitoring (SIM) mode and liquid chromatog-
pesticide control are mainly focused in simple and fast sam- raphy tandem mass spectrometry (LC-MS—MS) in positive
ple treatment methods that may be easily implemented inionization mode. To the best of our knowledge, this is the first
routine laboratories. In this sense, matrix solid-phase disper-LC—-MS—MS method applied to determine pesticides in both
sion (MSPD)10-12]based methods can represent a method olives and olive oil.

L-L

Solvent

L v
Mixture(sample-sorbent)
Blending

Transfer blend Compress Elution
to column

Fig. 1. Schematic representation of the MSPD extraction procedure.
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USA) equipped with a reversed phasg @halytical column
of 150 mmx 4.6 mm and .um particle size (Zorbax Eclipse
XDB-C8). Columntemperature was maintained at@5The
injected sample volume was p0. Mobile phases A and B
Pesticide analytical standards were purchased from Dr.were water with 0.1% formic acid and acetonitrile respec-
Ehrenstorfer (Ausburg, Germany) and Riedel-déda tively. A gradient elution was made using binary gradient of
(Seize, Germany). Individual pesticide stock solution (200— LC as follows: isocratic conditions for 5 min at 10% of sol-
300g mi—1) were prepared in pure methanol or ethyl ac- vent B, then linear gradient from 10 to 100% of solvent B,
etate and stored at18°C. HPLC grade acetonitrile and from 5 to 30 min. The flow-rate used was kept at 0.6 ml/min.
methanol were obtained from Merck (Darmstadt, Germany). A 12-min post-run time was used after each analysis.
Formic acid was obtained from Fluka (Buchs, Switzerland). = This HPLC system was connected to an ion-trap mass
Petroleum ether was purchased from Panreac (Barcelonaspectrometer Agilent MSD Trap (Agilent Technologies,
Spain). Petroleum ether saturated with acetonitrile was pre-Santa Clara, CA, USA) equipped with an electrospray in-
pared by adding 100 ml of acetonitrile to 500 ml of petroleum terface operating in positive ion mode. lons were detected
ether. Acetonitrile saturated with petroleum ether was pre- in ion charged control (ICC) (target: 50,000 ions) with an
pared by adding 100 ml of petroleum ether to 500 ml of ace- accumulation time of 200 ms, using the following operation
tonitrile. A Milli-Q-Plus ultra-pure water system from Milli-  parameters: capillary exit voltage (fragmentor): 50 V; capil-
pore (Milford, MA, USA) was used throughout the study to lary voltage: 4000 V; nebulizer pressure: 40 psig; drying gas:
obtain the HPLC-grade water used during the analyses. 9Imin~1; gas temperature: 30C.

2. Experimental

2.1. Reagents and solutions

2.2. Gas chromatography—mass spectrometry (GC-MS)  2.4. Sample treatment

GC-MS analyses were run on a HP 6890 Series gas2.4.1. Spiking procedure
chromatograph (Hewlett-Packard, Palo Alto, CA, USA) in- A representative 50 g portion of olives (including the seed
terfaced to a HP 5973 mass-selective detector. Data acqui-of the crop) previously homogenised was weighted and trans-
sition and processing, and instrumental control were per- ferred to a glass mortar, where it was fortified homogenously
formed by the HP mass-selective detector Chem-Station soft-with 5 ml of the working standard solution. The mixture was
ware. Analytes were separated in a ZB-5MS capillary column then gently blended in the mortar for 1 h, to asses the ho-
(5% diphenyl/95% dimethylsiloxane), 30x0.25mm i.d., mogeneity of the sample. The sample was then allowed to
0.25p.m film thickness (Phenomenex, Torrance, CA, USA). stand at room temperature for one hour, before it was kept at
A split/splitless injector was used in pulse splitless mode. An —18°C, until analysis.
empty liner was filled with 0.5 cm Carbofrit (Restek, Belle-
fonte, USA) placed at 3.6 cm from the upper part of the liner. 2.4.2. Matrix solid-phase dispersion (MSPD) based
The injector operating conditions were as follows: injection extraction procedure
volume 10ul; injector temperature 25CC; initial pulse pres- A methodology based on MSPD was used for the extrac-
sure 30 psi (1.5 min). The helium carrier gas flow was main- tion of the selected herbicides from both the olive oil and
tained at 1 ml/min. The oven temperature programme was the olives samples. The olive oil method added a preliminary

4.0 min at 105C, 20°C/min to 180°C (keeping 180C for
8 min), 4°C/min to 220°C ((keeping 220C for 3 min) and
6°C/min to 300°C (keeping 300C for 5min). The transfer
line temperature was set at 280.

liquid—liquid extraction before the MSPD step.Hig. 1, the
main steps of the procedure are schematically depicted.

2.4.2.1. Olives.Arepresentative 1g portion of sample previ-

Typical MS operating conditions were optimised by the ously homogenised was weighted and transferred to the mor-
autotuning software. EI mass spectra were obtained at 70 eVitar, where it was gently blended and homogenized together
of electron energy, and monitored franiz50 to 400. The ion with 2 g of aminopropy! (Bondesil-N} 40p.m particle size,
source and quadrupole analyser temperatures were fixed aVarian Inc., Middleburg, The Netherlands) until obtaining a
230 and 106C, respectively. Analyses inthe NCI mode used fine powder. A glass mortar was used in order to avoid ana-
methane as reagent gas. The autotuning software performedyte losses, as it had been already reported, with the use of
the reagent gas flow adjustment and the lens and electronianaterials such as porcelditi]. This mixture was then trans-
tuning. The quadrupole temperature was fixed at*IDénd ferred to a commercially available minicolumn containing 2 g
the ion-source temperature at 18D of florisil (12 ml Bond-Elut-Varian minicolumn, Varian Inc.).
This minicolumn was connected to a vacuum system for solid
phase extraction adjusting the flow to 3 ml/min. The elution
step was carried out with 2 el 5 ml of acetonitrile. The first

The method was developed using an HPLC system (con-aliquot of the eluting solvent was used to backwash both the
sisting of vacuum degasser, autosampler and a binary pump)mortar and the pestle. The final extract was evaporated until
(Agilent Series 1100, Agilent Technologies, Santa Clara, CA, near dryness, being then dissolved in 1:1 acetonitrile:water

2.3. Liquid chromatography lon-trap mass spectrometry
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Fig. 2. Figure SIM mode in endosulfan in olives samples: use of different ions for the identification of endosulfan | and Il in olives and olive oil.
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for LC-MS analyses, and in acetonitrile for GC-MS. Prior abundances and the typical retention times are summarized
to mass spectrometric analysis, the obtained extract was fil-in Table 1 As general criterion, the mass spectrometry con-
tered through a 0.4pm PTFE filter (Millex FG, Millipore, ditions were carefully selected to provide a compromise so-
Milford, MA, USA). lution between sensitivity, selectivity and structural informa-
tion for quantitation purposes, being the most abundant peak

2.4.2.2. Olive oil.An aliquot of approximately 5g (ca. chosen for quantitation purposes. However, due to the com-
5.5ml) of olive oil sample was weighted in a 50 ml beaker. plexity of.the olives matrix, the most abundant io.n could not
15 ml of petroleum ether saturated with acetonitrile (see ex- b€ used in all cases, because of the effect of interferences
perimental section) were added and the mixture was thenfrom the matrix. It happened in the case of both endosulfan
transferred to a 100 ml separation funnel, in which a two- I and Il, which were determined in olives and olive oil, with
step liquid—liquid extraction was undertaken. The first one differentions. InFig. (a), the GC-MS SIMiVz 237) chro-

with 25ml of acetonitrile saturated with petroleum ether. Matogram used for the quantitation of both endosulfan I and
The funnel was shaken vigorously for 3 min, being then the !l 1S represented. The peak width confirms the presence of
remaining acetonitrile phase separated from the petrmeuminterfering species from the matrix. In addition, the relative
ether one. After that, another 10 ml of acetonitrile saturated intensity ofthe selected ions of the mass spectrum of this peak
with petroleum ether were added to the petroleum ether ex- (Fig. Za.1) does not compare well with the relative intensi-
tract, and the mixture was shaken for 3 min again, being both ties obtained with standardgig. 2a.2)), which evidences
acetonitrile phases collected together. With a 10 ml pipette, the presence of masking species from the matrix. This makes
a 7 ml aliquot of the acetonitrile extract was taken and trans- Not reliable the use of the most abundant ion of endosulfan
ferred to a 10 ml glass test tube. The extract was then carefullyfor quantitation purposes in olives. Therefore, a more selec-
evaporated up to a final volume of about 2 ml. This remaining tive (and less sensitive) ion should be used. As can be seen

extract was transferred to a glass mortar to be subject to theln Fig- ZAb), where the GC-MS SIVhfz 337, 339 and 341)
same treatment described above. chromatogram of the olive matrix is shown, this matrix has no

interfering species at the retention times of endosulfan | and
I, thus making possible the use of these ions for their proper
identification and quantitation in olives (s€&. 2(c)). For

this reason, in olives, the quantitation ion useaniz 339,
which is not the most abundant, but rather more selective
than the most abundant/z 237, used in olive oil. For the
quantitation of the rest of the pesticides, as can be noticed in
Table 1 the most abundant ion (except for deltamethrin) was

3. Results and discussion

3.1. Identification and quantitation of pesticides in
olives and olive oil

3.1.1. Gas chromatography—mass spectrometry
The selected pesticides analysed by gas chromatography€/ected.

were: simazine, terbuthylazine, methyl-parathion, methyl-

pirimiphos, endosulfan |, endosulfan I, endosulfan sulphate, 3.1.2. Liquid chromatography lon-trap mass

cypermethrin and deltamethrin. The GC-MS analyses werespectrometry

performed in SIM mode. Three ions were used for identifi- The selected pesticides analysed by LC-MS were:

cation and quantitation purposes. The selected ions choserdimethoate, simazine, atrazine, diuron and terbuthylazine.

for identification and quantitation along with their relative All of them were analysed in positive ionization mode.

Table 1
Identification and quantitation by GC-MS
Pesticide M Time (min) SIM ions (RA, %)
Identification Quantitaton
Simazine 201 13 186 (69) 201 (100) 203 (33) 201
Terbuthylazine 229 18 214 (100) 216 (33) 229 (24) 214
Parathion-methy! 263 13 109 (93) 125 (100) 263 (70) 125
Pirimiphos-methyl 305 19 276 (90) 290 (100) 305 (69) 290
Endosulfan | 404 23 237 (100) 265 (58) 339 (26) 237
337 (63) 339 (100) 341 (65) 339
Endosulfan Il 404 2B 237 (100) 265 (58) 339 (26) 237
337 (63) 339 (100) 341 (65) 339
Endosulfan sulfate 420 .} 272 (100) 274 (84) 387 (65) 272
Cypermethrin 416 38 163 (83) 165 (54) 181 (100) 181
Deltamethrin 505 4T 181 (100) 253 (81) 255 (36) 253

2 Mw: molecular weight.
b RA: relative abundance.
¢ Selected quantitation ions in olives samples (for details see text).
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Preliminary studies with matrix matched standards, accom- 0.8 V. However, simazine gave a poor fragmentation, yield-
plished in single MS mode evidenced the presence of numer-ing unstable and low abundant fragments corresponding to
ousisobaric interferencesin both olive oil and olives matrices. m/z 124 and 132, which could not be used for quantitative
For this reason, in order to increase selectivity, the LC—MS purposes. In fact, no studies have been reported regarding
method to determine the selected pesticides in olives and olivethe determination of simazine by LC-ESI-MS-MS using an
oil was optimised in MS—MS mode, isolating the precursor ion trap instrument. It has been accomplished only with an
ion (molecular ion) using a narrow isolation mass window APCI sourcq14,15] Therefore, in this case, for quantitation
of m/z2 and an optimised fragmentation in order to enhance purposes, we isolated only the molecular ion of simazinie (
both sensitivity, selectivity and signal-to-noise ratio, lower- 202), without fragmenting it.

ing thus, the detection limits when compared with those ob-  In the case of dimethoate, the quantitation was carried out
tained in MS mode. For fragmentation purposes, the study of using multistage mass spectrometry. We noticed that MS—-MS
the amplitude voltage was undertaken in the range from 0.5 mode (transitiomm/z 230->199) was not selective enough for
to 1.2 V. The triazines atrazine and terbuthylazine showed athe analyses of dimethoate in olive samples, due to the com-
similar fragmentation pattern yielding respectivetz 216 - plexity of the olive sample. The peak obtained for dimethoate
>174 andn/z230->174, using an amplitude voltage of 0.8 V. was overlapped with species from the matrix.Hig. 3(a),

The optimized transition for diuron waw/z 233->72, using the total ion chromatogram of an olive sample (spiked with

Intens
3000

TIC XIC m/z199
MS/MS[m/z 230 > ]

2500
DIMETHOATE

2000

1500

N

25 50 75 100 125 150 175 20.0 225
Time [min]

1000

500

o
|

——
10.0 12.5 15.0 17.5
Time [min]

o
o
o
o
o
=)
~
»

—_
()
~

Intens. |

XIC m/z171

1 MS*[m/z2305>199 > ] TIC
8004 ] DIMETHOATE
- \
600 -
400 )
' ‘ 200 225

4 25 50 75 100 125 150 7
Time [min]

200+

o_w PR AVAVNASN N AN N J N

T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
(b) Time [min]
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Fig. 4. Comparison of GC-MS full-scan olive oil matrix chromatograms obtained using gel permeation chromatography (GPC) and matrix solid-phase
dispersion (MSPD) extractions.

0.025mgkg?! of dimethoate) obtained in MS—-MS mode 4pgkg L. Using single MS mode (using the ion trap in full-
(isolating the molecularion of dimethoate/g230)) is shown scan mode), the detection limit was Z@ kg 2.

together with the extracted ion chromatogram of the charac-

teristic fragment ion of dimethoatenz 199)((a) Inset). The 3.2, Evaluation of matrix solid-phase dispersion based
peak corresponding to dimethoatig {6.7 min) was partially  extraction procedure

overlapped with interfering species from the matrix. In fact,

the peak area of dimethoate was about five-fold higher than3.2.1. Preliminary studies

that obtained in pure solvent, when the transitioiz 230- The MSPD procedure is schematically depictefim 1
>199 was used. However, as can be seeFRign 3b), the Due to the complexity of the sample with a high fat content,
use of multi-stage mass spectrometmyz230->199->171)  a clean-up step prior to analysis was mandatory, especially
provided enhanced selectivity, being then the matrix interfer- in olive samples. The developed extraction method involved
ences easily circumvented. In fact, the use of two consecutivea clean-up stage, due to the use of a co-column packed with
transitions yielded a total ion chromatogram without inter- florisil, in the elution step. Commercially available 12-ml
fering peaks (see TIC froffig. 4). For this reason, the MS  florisil columns packed with 2 g of florisil were used to per-
transitionm/z 230->199->171 was selected, using amplitude form the elution step along with the clean-up. Three differ-
voltages of 0.5 and 0.75V respectively. Using this selective ent materials were evaluated for the clean up: florisil, silica
transition, the matrix interferences were completely removed. and alumina. Alumina was discarded, because of the low ef-
Moreover, the signal-to-noise ratio was increased, providing fectiveness of this clean-up, obtaining dirty extracts, which
enhanced detection limits. The detection limit obtained for were not suitable for GC-MS analyses. Silica and florisil,
dimethoate in olives with multistage mass spectrometry was provided clean extracts, so a study to evaluate the feasibility

Table 2

Comparative study of silica and florisil for the MSPD clean-up step in spiked olives (concentration levet K§0")

Pesticide Silica Florisil

Recovery (%) RSD (9%6) Recovery (%) RSD (%)

Terbuthylazine 82 2 1066 6
Endosulfan | 716 7 95 5
Endosulfan Il 8 7 984 7
Endosulfan Sulfate 102 3 113 4

an=3.
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Table 3
Study of the preliminary liquid—liquid extraction of olive oil method
Pesticide Single liquid-liquid Two-step liquid—liquid

Recovery (%) RSD (%) Recovery (%) RSD (9%6)
Terbuthylazine 60 7.6 1238 6.8
Simazine 5 10 1088 45
Dimethoate 58 81 1015 7.4
Endosulfan | 4P 35 817 6.3
Endosulfan Il 43 86 984 7.0
Endosulfan Sulfate 43 6.8 123 40

Single liquid-liquid extraction was accomplished with 25 ml (5 min); two-step liquid—liquid extraction was accomplished with 25 -4 #®Bmhif).
an=5,

Table 4
Recovery and RSD studies of the pesticides analysed by LC-MS in olives and olive oil
Pesticide Amount added
10pg kgt 100pgkg?!
Recovery (%) RSD (%) Recovery (%) RSD (%)
Olives
Dimethoate 95 8 88 7
Simazine 96 6 99 6
Atrazine 81 9 111 8
Diuron 88 7 86 6
Terbuthylazine 86 10 108 7
Olive oil
Dimethoate 83 9 91 9
Simazine 88 7 102 6
Atrazine 103 7 104 8
Diuron 84 8 93 10
Terbuthylazine 96 5 103 6
an=5,

of the clean up step with each material were then accom- studied the use of a single liquid—liquid extraction using a
plished, by performing recovery studies with some of the volume of 25 ml, with an extraction time of 5min, or a two-
targeted pesticides, spiked in both olives and olive oil sam- stage liquid—liquid extraction, using two aliquots of solvent
ples at a concentration level of 508 kg~1. As can be seen (25 ml+ 10 ml) with an extraction time of 4 mi+ 3 min. This
in Table 2 both materials gave similar recoveries, except for study was carried out to evaluate the effect of the extraction
endosulfan I, in which the values obtained with florisil were step, using the rest of optimised method conditions. The re-
better than those obtained with silica. For this reason, florisil sults obtained from the recovery studies performed spiking
was chosen for further studies. olive oil with a concentration level of 5Q0g kg~ are listed
Another part of the extraction method which had a strong in Table 3 As it can be seen, the mean recoveries obtained
effect on the performance of the extraction, was the prelim- using the single extraction method were lower than those ob-
inary liquid—liquid extraction carried out in olive oil. We tained with the two-stage method. For this reason, two-step

Table 5
Recovery and RSD studies of the pesticides analysed by GC-MS in olive oil
Pesticide Amount added

80pgkg™? 200pg kgt

Recovery (%) RSD (%) Recovery (%) RSD (%)
Simazine 106 33 1297 4.0
Terbuthylazine 103 38 1226 37
Methyl-parathion 93 49 109 146
Methyl-pirimiphos 840 39 1184 46
Endosulfan | 2 58 914 31
Endosulfan Il ™ 5.7 1195 48
Endosulfan sulfate 82 100 1127 23
Cypermethrin 1038 8.0 1259 115
Deltamethrin 1oa 6.0 1293 139

an=5.
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Fig. 5. Chromatograms corresponding to the GC-MS (SIM) analysis of an olive oil sample spiked wjith G of the selected pesticides.

liquid—liquid extraction was adopted for the final extraction falls associated with this methodology are both the use of

method. large amount of organic solvents and the lack of flexibility to
change from one method to another. Moreover, the separation
3.2.2. Performance of the extraction procedure of the pesticide fraction (which has low molecular weights)

The most widely used extraction procedure for olive oil from the whole fatty matrix (constituted mainly by triglyc-
is gel permeation chromatography. However, the main pit- erides)is very difficult to attain using GPC, because those two

Table 6
Analytical parameters
Concentration range (mgkd) Linearity (regression coefficient) Limits of detectiqug(kg™1) RSD (%}
Olive oil Olives Olive oil Olives Olive oil Olives
LC-MS-MS
Dimethoate 0.005-0.5 .988 0999 3 4 58 4.8
Simazine 0.005-0.5 .990 0993 1 1 6 6.1
Atrazine 0.005-0.5 990 0992 a5 0.8 4.6 54
Diuron 0.005-0.5 94 0995 2 2 48 37
Terbuthylazine 0.005-0.5 @01 0996 Qa2 0.4 55 4.9
GC-MS
Simazine 0.025-0.5 .995 Q997 10 15 B 51
Terbuthylazine 0.025-0.5 @97 Q0996 3 8 38 36
Methyl-parathion 0.025-0.5 .999 0994 50 60 20 40
Methyl-pirimiphos ~ 0.025-0.5 099 0998 15 25 c?) 47
Endosulfan | 0.025-0.5 999 0999 35 30 5 54
Endosulfan I 0.025-0.5 .098 0999 30 30 57 4.6
Endosulfan sulfate  0.025-0.5 994 0999 30 40 D 6.1
Cypermethrin 0.025-0.5 996 Q997 50 70 & 54
Deltamethrin 0.025-0.5 997 0999 60 80 &0 35

a8 n=5.
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fractions are partially overlapped. Normally, as a compromise the MSPD method is much cleaner than those obtained with
between cleanness of the extract (minimising the amount of GPC using two different times to collect the pesticides frac-
fat in the pesticide fraction) and appropriate pesticide recov- tion. This illustrates the capabilities of the proposed MSPD
eries has to be chosen. This usually involves the lost of somemethod to provide clean extracts of these complex matrices
of the pesticides (i.e. acrinathrif)6], yielding, thus, lower with a high fat content. To evaluate the effectiveness of the
mean recovery percentages. These drawbacks can be partlgxtraction method, different recovery studies were accom-
circumvented with the use of the proposed matrix solid-phase plished by spiking both olive oil and olives matrices at differ-
dispersion extraction method, which involves minor reagent ent concentration levels of the targeted analytes, being then
consumption and waste generation and provides more flexi-analysed with the developed GC-MS and LC-MS methods.
bility to work. In addition, the resultant extracts are cleaner As can be seen ifables 4 and frecoveries between 80 and
than those usually obtained by GPC, as can be sefeigid, 120% were obtained for the pesticides assayed in both olive
where the full-scan GC-MS olive oil matrix chromatogram and olive oil with RSD values below 10% € 5) in most
obtained using GPC is compared with that obtained using cases. These results evidence the feasibility of the studied
the method proposed in this work. The chromatogram of extraction method.

Abundance 13-83 Abundance Terbuthylazine
214
70000
65000 Sea6
30000 16
229
10000 2‘ r
45000 TTT2i0T 218 226 234
m/z
25000
5000 l
10.00 20.00 30.00 40.00
Time (min)
Abundance Endosulfan Sulfate
272
1400
1000 387
600
200 | ||
270 310 ., 350 390
Abundance 29.61 z
1800
1400
1000
600
200 ruk,d
10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00
Time (min)

Fig. 6. GC-MS (SIM) Chromatograms, with their respective mass spectra (inset) corresponding to the analysis of an olive oil sample, whereiterbuthyla
and endosulfan sulfate have been detected at concentrations of 80 @o#@8, respectively.
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3.3. Analytical features Table 7
Results obtained from an internal inter-comparison exercise carried out using

The analytical performance of the proposed method was ¢ Proposed method in a spiked olive sample

studied in order to evaluate its usefulness for quantitative Pesticide Amlf“”f found MeaE value RSD (%)
analyses in the studied matrices. A preliminary study to eval- — (mgkg™) (mgkg™)

uate the signal suppression was undertaken by comparisorg"gem(l’]f“el Sg gii 31

of calibration curve slopes obtained with solvent-based stan- E: dgzﬂlfzz ’ oot 08 1
dards and with matrix matched standards. In LC-MS, both pgjtamethrin a6 015 16

the olives and the olive oil samples suffer from matrix in-
duced signal suppression, with a decrease in the signal up

to 20% in olive oil and 35% in olives samples, depending pesticide residue analysis performed by different laborato-
on each individual pesticide. In GC-MS, the matrix pro- ries in which the proposed method is being implemented for
duced either suppression or enhancement with fluctuationsroutine purposes. The results obtained are summarized in
of up to aboutt 15% depending also on both the matrix and Table 7 These preliminary results confirm the feasibility of
each individual species. For this reason, the calibration wasthe proposed sample treatment strategy, which can be easily
carried out using matrix matched standards. Linearity was implemented in routine laboratories.

evaluated by analyzing these matrix matched standards solu-

tions, prepared at different concentration levels in the range .

0.005-0.5mgkg’. The quantitation was carried out using 4 €onclusions

the extracting the chromatogram of the characteristic frag- . . L .
mentions analysed by LC-MS—MS and the selectedions used !n this stud_y, we_have applied, for the first time, matrix
for quantitation purposesin GC-MS (Sksble J). The results solld-phagg d|sper.S|on asa Sa”f‘p'e trgatmeqt strategy to ex-
obtained are summarizedTable 6 As can be observed, the tract pestlglde r'eS|dues. in matrices with a high fat content
linearity of the analytical response within the studied range such as olive oil and olives. The proposed MSPD method-

. : : . . ology was combined with mass spectrometric identification
was suitable, with correlation coefficients better than 0.99 in . .
most cases. In addition, run-to-run RSD values obtained in and quantitation by both GC-MS and LC-MS-MS, provid-

both olives and olive oil were balo5 % inmost cases. As "9 thus remarkable analytical features which allow the pro-

an example, a typical chromatogram obtained by GC-MS in posed methodology to be applied for the monitoring of pes-

SIM mode of a 0.1 mg kgt matrix-matched standard from ticide residues in such _commodmgs at Ipg kg N More
an olive oil sample is shown ifiig. 5. over, MSPD offers various attractive advantaging features

The limits of detection (LOD) were estimated from the compared with gel.—permeation chromatography; it proyides
injection of matrix-matched standard solutions with concen- cleaner extracts with remarkable mean recoveries (typically
1100 ) . . .
tration levels giving a signal-to-noise ratio of about 3. The 85-1109%), C|rcu.mvent|ng the. main proplems r_elated with
results obtained by LC-MS and GC-MS analyses in both GPC methods with the collection of fractions (with the loss

matrices are also included ifable 6 The limits of detec- of part of some target species). In addition, it also involves

tion obtained are remarkable since, in most cases, they areboth minor solvent consumption and waste generation.
The usefulness of the proposed approach has been as-

far below the maximum residue level regulations established sessed by various routine laboratories with remarkably good
for these pesticides. In this sense, LC—-MS analyses benefits y Y9

of the use of mass spectrometry in MS—MS mode, which re- results. The application of t'his sample treat'ment strgtegy
sults in enhanced signal-to-noise ratio, providing, thus lower CQUId be extendec_i to other kind of sample:_; with a rel_anvely
detection limits. high fat content (i.e. avocado). More studies are being ac-

complished on our laboratory to explore the capabilities of
MSPD in pesticide residue analysis.

a Average value (3 laboratories).

3.4. Analysis of pesticide residues in olives and olive oil
samples
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