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Determination of Pesticides and PCBs in Virgin Olive Oil by
Multicolumn Solid-Phase Extraction Cleanup Followed by
GC-NPD/ECD and Confirmation by lon-Trap GC —-MS
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A multicolumn solid-phase extraction cleanup for the determination of organophosphorus (OP) and
organochlorine (OC) pesticides plus PCB congeners in virgin olive oil is presented. The method
involves dissolution of the olive oil in hexane, followed by a cleanup system using a diatomaceous
earth column (Extrelut-QE) with reversed (Cig) and normal (alumina) phase SPE columns.
Determination of OPs was by GC-NPD, while the OCs and PCBs were analyzed using GC-ECD.
Recovery assays for OPs varied from 81.7% to 105.3%, for OCs ranged between 74.3% and 99.4%,
while for PCBs were from 60.1% to 119.2%. Quantitation limits ranged from 10 to 25 ug/kg olive olil
for OPs, and from 1 to 6 ug/kg olive oil for OCs and PCBs. In the case of positive samples, the
confirmation of pesticide identity was performed by ion-trap GC—MS/MS. The applicability of the
method was assayed with 19 virgin olive oil samples collected from different olive mills of Aragon
(Spain). Only one OP pesticide (acephate) was detected in one sample at a concentration of 10
ug/kg. Organochlorine pesticides were found in 5—47% of samples at very low levels ranging from
1.5t0 5.2 ug/kg. PCBs were found in 20—90% of samples, showing concentrations between 2.3 and
17.3 ug/kg.

KEYWORDS: Virgin olive oil; organophosphorus pesticides; organochlorine pesticides; polychlorinated
biphenyls; capillary gas chromatography =~ —mass spectrometric detection

1. INTRODUCTION regulations. Unlike other Mediterranean countries, the organo-
phosphorus fenthion is not registered for use in olive groves in
Spain. The use of pesticides can determine the presence of
residues on olives and consequently in olive oil, which should
be controlled regularly3—6). In addition, the persistent organic

¢ pollutants such as the lipophilic organochlorine pesticides (OC)
and polychlorinated biphenyls (PCBs) can occur in the environ-

Olive oil is of great economic importance for Spain, where
the olive groves occupy an area of 2 400 000 ha, which puts
Spain in the world’s leading olive oil producing countries with
a production of 962 000 tons in 2000 (Because of its sensorial
and nutritional characteristics, olive oil is one of the mos
important components of the universally recognized Mediter- . e X . .
rarl?ean diet2). %he mean consumption c))/folivegoil in Spain is ment and in the human food chain, including the olive dil (
about 13 kg/person per yedr)( The virgin olive oil is obtained 7)- ) o _
from the fruit of the olive tree solely by mechanical or other ~ Olive oil is a complex vegetable oil to analyze as compared
physical means without any treatment, and it is the only t0 rapeseed oil, soybean oil, sunflower oil, corn germ oil, and
vegetable oil that is consumed in its crude form (unrefined). linseed oil. This is due in part to the relatively high amount of

Olive trees are attacked by several pests, mainly the olive lipids (sterolic, squalene, and tr@cylglpende frgcnons) that glute
fruit fly Bactocera (Dacus) oleae, and receive treatments from the cleanup and the potentlalnfor_|nterfer|ng co-extractives
(usually aerial applications) with several pesticides. Those more (i-€., Pigments) at the GC determination stép. (
extensively used in Spain belong to the class of organophos- Many multiresidue procedures employing different cleanup
phorus (OP) insecticides and are mainly dimethoate, diazinon,techniques and a variety of detection methods have been
and parathion-methyl; the OP chlorpyrifos was formerly used reported for the determination of pesticide residues in olive oil.
in combination with the organochlorine endosulfan, but it has Some cleanup techniques are based on ligliggiid partitioning
recently been withdrawn in compliance with European Union (9, 10), gel permeation chromatographylj, or solid-phase

extraction with different sorbents such as florisiPj, neutral

* Author to whom correspondence should be addressed [telephone al_um'na (7), or Gg (13). Other f:luthors have analyzed olive oil
+34-976-761543; fax-34-976-761612; e-mail aarino@unizar.es). without cleanup 14), or by using a low-temperature cleanup
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method (15). Many of the more recent methods reported a tamination by the AOAC multiresidue methd®) (The olive oil sample
combination of two or more steps for the cleandg,(17). A (known as a virgin olive oil blank) did not contain detectable levels of
more sophisticated and automated method by on-line reversed3he analytes. S _

phase liquid chromatography-gas chromatography using the To obtain spiked virgin olive oil samples, the appropriate volume

throuah oven transfer ads : PR of star_1dard working solutions was added to 15 g of virgin olive olil
recen%ly published (8) orptiedesorption interface has been blank in an Erlenmeyer flask at three spiking levels (10, 50, and 100

L ug/kg olive oil for OPs, and 1, 5, and 1y/kg olive oil for OCs and
The AOAC general multiresidue method for OP and OC PCBs). The spiked virgin olive oil samples were set aside for 60 min

pesticide residues in fat-containing food§ (ises the classical 4t yoom temperature to let the acetone evaporate before sample
separatory-funnel partition between immiscible solvents fol- preparation and solid-phase extraction cleanup.

lowed by cleanup with conventional Florisil columns to remove The response of GC-NPD to the analytes sought was affected by
residual fat from sample extracts prior to GC determination. the presence of interfering co-extractives from the virgin olive oil
This technique is time-consuming and laborious and requires samples (known as a matrix effect). The matrix effect was observed as
large volumes of organic solvents plus important use of increased detector responses, as compared to those produced by simple
glassware. Several workers have reported using disposabléowem sqlutlons of the analytes. A matnx-ma_tchgd callbrat]on was
diatomaceous earth mini-columns for the on-column partitioning €N required for recovery assays and quantitative analysis of the
of OP and OC pesticides into acetonitrile from hexane solutions organophosphorus residues in virgin olive oil samples to reduce the

B . . Lo matrix effect. On the contrary, the organochlorines and PCBs did not
of vegetable oils and fats instead of the classical lieqiguid show the matrix effect at the GC-ECD determination system, allowing

partitioning (18). ) . ~ for external calibration with neat standards in solvent.

In the present study, a multicolumn solid-phase extraction g gbtain matrix-matched calibration standards for the GC-NPD
cleanup for the determination of 7 organophosphorus (OPs) anddetermination system, a virgin olive oil blank was analyzed and one-
10 organochlorine (OCs) pesticides plus 6 PCB congeners inhalf of the final eluate (25 mL) from the 1¢ SPE column was
virgin olive oil is presented. The method involves dissolution evaporated to dryness. The residue was then dissolved with appropriate
of the virgin olive oil in n-hexane, followed by on-column volumes of standard working solutions at three different levels (10,
partitioning using a diatomaceous earth mini-column (Extrelut 50, and 10Qg/L).

QE) and a cleanup system with reversedg{@nd normal '2.3. Sample Preparation and CleanupA 15-g sample of virgin
neutral alumin h PE columns. Th r olive oil or spiked virgin olive oil was mixed WI'Fh 25 mL of-hexane
(neutral alu a) phase S columns e target compounds ca. 0.6 g fat/mL). Of the aboye 3 mL fatsolution was loaded onto

studied, . the organophosphorus 'aclephate . (and its metabqllt he Extrelut-QE mini-column allowing for even distribution of the fat
metham_'dOphOS)’ chlorpyrifos, d'a_z'non’ dimethoate (and its solution during 10 min. The Extrelut-QE column was placed on top of
metabollte omethoate), and_ parathion-methyl, the organochlo- 4 509 mg Gs column by means of a small polypropylene connector in
rines HCB,a-HCH, -HCH, lindane o-endosulfan-endosul- a SPE apparatus (SPE-Visiprep DL, Supelco, Bellefonte, PA). The lipid
fan, endosulfan sulfatey,p’-DDD, p,p'-DDE, p,p'-DDT, and extract was eluted under gravity with 20 mL of acetonitrile saturated
the PCB congeners 28, 52, 101, 138, 153, and 180, werewith hexane, and then only thegolumn was eluted with another 20
determined by capillary gas chromatography with nitrogen mL of acetonitrile saturated with hexane using gravity flow. The eluates

phosphorus and e|ectron_capture detection p|us ion_trap GC—were collected in a 50 mL Erlenmeyer flask, and the solution was
MS/MS confirmation. diluted to volume (50 mL) with acetone, mixed well, then split in half

(25 mL each), with each half transferred to 200 mL evaporation tubes.

The tube containing the solution for OP determination was evapo-
2. EXPERIMENTAL PROCEDURES rated to dryness at 40C under a gentle stream of nitrogen in a

2.1. Standards, Reagents, and SuppliePesticide and PCB concentration workstation (Turbo Vap I, Hopkinton, MA), and the
standards (97% minimum purity) were obtained from Dr. Ehrenstorfer residue was redissolved in acetone (3 mL) for the GC-NPD analysis.
(Ausburg, Germany). Stock standard solutions (1 mg/mL) were prepared The second portion containing the solution for OC and PCB
in pesticide-grade acetonghexane, or dichloromethane according to  determination was evaporated to nearly 5 mL af@Qunder a gentle
their solubility. Standard working solutions of OP pesticides (290 stream of nitrogen, and then 20 mL isooctane was added and the
mL acetone) suitable for GC-NPD, and of OC pesticides plus PCBs solution was evaporated to 0.5 mL, and was redissolved in 20%
(10 ug/mL acetone) amenable to ECD were prepared. These standarddichloromethane in hexane (8 mL). The sample was transferred onto a
working solutions were used for spiking virgin olive oil blanks for 5 g neutral alumina column and eluted with 20 mL of 20% dichlo-
recovery assays, for preparing neat calibration standards for the OCsromethane in hexane using gravity flow. The eluate was evaporated to
and PCBs, and for the matrix-matched calibration standards in virgin ca. 0.5 mL at 40C under a gentle stream of nitrogen, and the residue
olive oil blank used for the quantitation of the OPs. was redissolved in hexane (3 mL) for the GC-ECD analysis.

Residue analysis grade solvents (acetone, acetonitrile, dichlo- 2.4. Identification and Quantitation by GC-NPD/ECD. For the
romethane, isooctana;hexane) were supplied by Lab-Scan (Dublin, organophosphorus pesticides (OPs), a Hewlett-Packard model 5890 gas
Ireland); ultrapure water was obtained from a Milli-Q Plus apparatus chromatograph with HP7673 autosampler and nitregemsphorus
from Millipore (Milford, MA). detector (NPD) was used. The injection port and detector temperatures

Extrelut-QE mini-columns (3 mL capacity, Part Number 901003-1) were 200 and 250C, respectively. The sample (2.) was injected in
were from EMD Science, Gibbstown, NJ (USA). Extrelut-QE mini- the splitless mode. A fused-silica capillary column HP-101 (1% m
columns are packed with a macroporous Kielselguhr-type material 0.20 mm, with 0.25:m film thickness) supplied by Agilent (Madrid,
(diatomaceous earth). Thedolumns (500 mg sorbent mass, 6 mL  Spain) was used. The initial column temperature was®@€r 1 min,
reservoir volume, 10 mm bed height, b6 average particle diameter)  increased to 120C at a rate of 30C/min, then to the final temperature
and Alumina-N columns (5 g sorbent mass, 25 mL reservoir volume, of 250°C at 10°C/min and hold for 5 min. The carrier gas was nitrogen
21 mm bed height, 124m average particle diameter) were obtained at 35 cm/s, and the constant flow rates of the makeup gas (nitrogen),
from International Sorbent Technology (Hengoed, UK). The neutral the hydrogen, and air were, respectively, 30, 3.5, and 100 mL/min.
alumina columns were partially deactivated prior to use by passing 10 The GC was connected to a personal computer with HP 3365
mL of acetonitrile containing 0.3 mL of water through the column. Chemstation software.

2.2. Spiked Virgin Olive Oil Samples and Preparation of An HP model 5890, Series Il gas chromatograph (Wilmington, DE)
Calibration Standards. A residue-free virgin olive oil was obtained  equipped with an HP7673 autosampletNi electron-capture detector
from a local organic grower with known spray history and environ- (ECD), and a fused-silica capillary column Quadrex 007-2 for
mental background. To certify as residue free, the sample was analyzeddentification and quantitation (50 m 0.25 mm, with 0.25m film
for organophosphorus and organochlorine pesticides plus PCB con-thickness, New Haven, CT) was used for the organochlorine residues
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Table 1. Parent lons Selected and Product lons Observed for Each
Organochlorine Pesticide and PCB Congener (Saturn 2000 lon-Trap
Mass Spectrometer, MS/MS Mode)
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Table 2. Linear Range, Recovery Percentage, and Relative Standard
Deviation (RSD) for the Organophosphorus Insecticides in Spiked
Samples (100 wg/kg) of Virgin Olive Oil (n = 8)

compound parent ions (m/z) product ions (m/2)
hexachlorobenzene (HCB) 284 177
o-hexachlorocyclohexane (HCH) 219 181:183
[-hexachlorocyclohexane (HCH) 219 181:183
lindane (y-HCH) 219 181:183
o-endosulfan 340 267
[-endosulfan 340 233
endosulfan sulfate 387 325
p,p'-DDD 235 165
p,p'-DDE 246 176
p,p'-DDT 235 165
PCB 28 258 186:188
PCB 52 292 220:222
PCB 101 326 254:256
PCB 138 360 288:290
PCB 153 360 288:290
PCB 180 394 324

(OCs and PCBs). The operating conditions were: carrier gas, nitrogen
C-55, 34 cm/s; makeup gas, nitrogen C-55, 55 mL/min; injector
temperature, 210C; detector temperature, 30C; injection volume,
2 uL; splitless injection. Column oven temperatures were as follows:
initial temperature, 128C for 1 min; from 125 to 205C at 20°C/
min; from 205 to 29C°C at 2 °C/min, then hold at 29%C for 5 min.
Data acquisition and processing were performed with an HP Vectra
486/33U computer with HP 3365 Chemstation software.

2.5. Confirmation by lon-Trap GC —MS/MS. The identity of OC

linear range? average
compound (uglL) recovery (%) RSD(%)
acephate 5-800 103.1 16
chlorpyrifos 10-800 98.9 13
diazinon 5-800 102.6 12
dimethoate 5-800 105.3 13
methamidophos 15-600 89.6 15
parathion-methyl 5-800 81.7 14
omethoate 10-1000 86.0 20

@ Linear range determined with standard solutions in pure solvent.

published method for the analysis of six OCs and four OPs in
vegetable oils and butterfat by GC with electron-capture and
flame photometric detectors (16). The original method was
modified by using acetonitrile saturated with hexane as eluting
solvent for sample preparation and cleanup, allowing for the
elution of the most currently used organophosphorus insecticides
in olive tree treatment in Spain (dimethoate, diazinon, and
parathion-methyl) and a wide range of organochlorine pesticides
and polychlorinated biphenyls. Other modifications were neces-
sary for the GC-NPD/ECD conditions to optimize the separation
of all compounds. Additionally, the residues were confirmed
by ion-trap GC—MS/MS.

In this multiresidue method, the pesticides and PCBs are

pesticides and PCB residues in the samples was confirmed by ion-trapefficiently extracted by on-column partitioning on an Extrelut-

GC—MS/MS with a Varian 3800 gas chromatograph equipped with a
Varian 8200 autosampler and a split/splitless programmed temperatur
Varian 1079 injector, and fitted with a Saturn 2000 ion-trap mass
spectrometer (Varian Instruments, Sunnyvale, CA). The fused-silica
capillary column used was CP-Sil-8 (30 m0.25 mm, with 0.25%m

film thickness) supplied by Chrompack (Middelburg, The Netherlands).
GC conditions were as follows: initial column temperature’@Q(3.5

min), increased at 25C/min to 200°C (10 min) and finally increased

at 4 °C/min to 300°C (held for 10 min). Pure GC grade Helium
(99.999%) was used as carrier gas at a constant flow-rate of 57 cm/s;
manifold, transfer-line, and trap temperatures were 60, 280, and 220
°C, respectively. A 2L volume of sample was injected in the splitless
mode with a purge time of 0.01 min and injection rate QL3s. The
injection port temperature program was: initial temperaturé@(0.5

min) and increased at 10@/min to 300°C and held for 10 min.

The MS was operated in electron impact (El) ionization mode, and
typical conditions (autotune calibration was performed before each
injection sequence) were: emission curren20and scanned-mass
range 90—450n/z. Table 1 shows parent ions selected and product

QE mini-column in place of the usual liquidiquid partitioning

€with solvents. Removal of fat from the extract is achieved by

SPE columns containing reversed-phaggt@€provide adequate
cleanup for OP pesticide quantitation using GC-NPD. Further
cleanup of the lipid matrix by normal-phase SPE with neutral
alumina is required to determine the OC pesticides and PCBs
by GC-ECD. The confirmation of pesticide identity is performed
by ion-trap GC—MS/MS.

3.1. Recovery Assays, Calibration, Precision, and Sensitiv-
ity of the Method. For recovery experiments, the appropriate
volumes of standard working solutions were added to 15 g of
virgin olive oil blank to obtain spiked virgin olive oil samples
at 10, 50, and 10@g/kg for the OPs, and at 1, 5, and #8/kg
for the OCs and PCBs. Spiked samples were shaken vigorously
and were allowed to equilibrate for 60 min prior to extraction
according to the described procedure. The recovery assays were
replicated eight different times. The calibration was performed

ions observed for each organochlorine pesticide and PCB congener inby the external standard method using neat standards in pure

GC-MS/MS mode. The system was controlled by a Saturn GC/MS
Workstation System software 5.4 on a PC personal computer.

2.6. Study of Linearity (Linear Dynamic Range of the Detectors).

The standard working solutions of pesticides and PCBs were diluted
by mass, covering a concentration range 6fL800ug/L for the OPs
(linear range of NPD response) and between 0.1 angqug@0for the
PCBs and OCs (measurement of the linear range of ECD response)
From each dilutiona 1 mLsample was taken, andi2 was injected
three times, starting at the lowest concentrations.

2.7. SamplesNineteen virgin olive oil samples (“Empeltre” olive
variety) were obtained directly from olive mills during oil extraction
from different production areas of Aragon (Spain) in the harvest of
year 2001. Olive oil samples were collected in dark glass bottles,
transported to the laboratory, and kept for a short time &€ 4intil
analysis.

3. RESULTS AND DISCUSSION

solvent for the OCs and PCBs, and matrix-matched calibration
standards for the OPs to prevent errors caused by matrix effects,
as described in the Experimental Procedures.

Tables2 and 3 show the average recoveries and relative
standard deviations (RSD) obtained by the described method
for the OPs, and for the OCs plus the PCBs, respectively. Mean

recoveries of OPs varied from 81.7% to 105.3%. Recovery
results for OCs ranged between 74.3% and 99.4%, except for
HCB where a slightly lower recovery was obtained (65.6%).
Mean recoveries for PCBs were in the range of 60.1—119.2%.
In general, the recovery of the analytes sought was within
acceptable margins.

Precision was determined by repeatability studies, expressed
by the relative standard deviation (RSD) of the recovery
percentages from eight spiked virgin olive oil extracts run the
same day by same operator. RSD values for OPs ranged from

The proposed method to determine 23 pesticides and PCBs12% to 16%, except for omethoate (a metabolite of dimethoate),

in virgin olive oil by GC-NPD/ECD is based on a previously

which was 20% Table 2). RSD values for OCs were less than
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Table 3. Linear Range, Recovery Percentage, and Relative Standard Table 4. Descriptive Analysis of Residues Found in 19 Virgin Olive Oil
Deviation (RSD) for the Organochlorine Pesticides and PCBs in Samples (Percentage of Positive Samples, Mean + Standard Error of
Spiked Samples (10 pg/kg) of Virgin Olive Oil (n = 8) the Mean, Median, and Maximum Concentration Detected)?
linear range? average compound % positives  mean  std. error  median  maximum
compound (uglL) recovery (%)  RSD (%) a-HCH 26.3 15+ 0.4 05 6
hexachlorobenzene (HCB) 0.1-145 65.6 6 B-HCH 5.3 23%03 2.0 8
a-hexachlorocyclohexane (HCH) 0.1-140 743 8 lindane (y-HCH) 47.4 31+08 10 13
B-hexachlorocyclohexane (HCH) 0.4-145 88.2 13 endosulfan sulfate 105 31+01 3.0 4
lindane (y-HCH) 0.1-150 89.2 21 p,p'-DDE 211 1.8+0.2 15 5
a-endosulfan 0.1-140 83.2 8 p.p’-DDT 421 52+08 3.0 13
p-endosulfan 0.4-140 99.1 7 PCB 28 211 26+05 2.0 10
endosulfan sulfate 0.7-145 99.4 13 PCB 52 316 173£54 3.0 70
p,p'-DDD 0.4-175 88.9 6 PCB 138 26.3 23+05 15 8
p,p'-DDE 0.4-140 95.1 8 PCB 153 211 25+03 2.0 7
p,p-DDT 0.7-150 96.6 21 PCB 180 89.5 124439 9.9 77
PCB 28 0.4-140 60.1 3 acephate 5.3 29+04 25 10
PCB 52 0.7-140 61.0 14
PCB 101 0.4-140 L7 15 @Results expressed as ug/kg virgin olive oil.
PCB 138 0.4-140 119.2 6
PCB 153 0.4-140 73.0 9 ) ] ) ) )
PCB 180 0.4-140 70.7 5 acephate is not registered for olive groves in Spain, so the source
of contamination is unknown.
aLinear range determined with standard solutions in pure solvent. The organochlorine pesticides were found in few virgin olive

oil samples and at very low levels ranging from 1.5 to g2
15% except for lindane anmp'-DDT (21%), while RSD figures K. The fungicide HCB and the metabolitpsp’-DDD, a-en-
for the PCBs fell at or below 15%T@ble 3). dosulfan, ang-endosulfan were not detected in any sample.
The insecticide of the organochlorine class detected most
frequently (almost half of the samples), lindane, showed a

tothe definitions of the Royal Society of Chemist&8. Thus, maximum concentration of 18g/kg, and a mean concentration
the LOQs were set as 6 times the standard deviation of the of 3.1 ug/kg. Endosulfan sulfate was detected in 2 out of 19

calculated concentration above the mean concentration deter-
0,
mined in the analysis of eight representative virgin olive oll samples (10.5%), but at very low levels (less thangskg),

S2L LT - Il below the European Union MRL of 1 mg/kg, set up for
blanks. The study of sensitivity indicated that the quantitation V&
limits ranged fror>r/1 10 to Zaglylig olive oil for the gPs, and olives (the MRL refers to the sum ofendosulfang-endosul-

from 1 to 6 uglkg olive oil for OCs and PCBs. fa_m,_ and_ endpsulfan sulfate). PCBS were found !HQO% of
. . ) L .. virgin olive oil samples, showing low concentrations between
The linearity of a method is a measure of range within which 5 3", 4 17.2ug/kg. Only PCB congener 180 was detected in

detector response is directly proportional to the concentration e than one-half of the samples and showed a maximum value
of analyte in standard solutions or samples. Even though the ¢ 77 uglkg.

GC-ECD and GC-NPD are fundamentally nonlinear over its g 56 of the very specific ion-trap GC—MS/MS allowed
entire dynamic response range, within smaller segments of thiSyhe confirmation of identity of the OC and PCB residues in the
range, however, the detectors display acceptable linear réSponsSesamples. lon-trap GEMS/MS confirmation of OC pesticides

Thus, linear dynamic range for OPs varied from 5 to 1090 and PCB congeners was made according to these two criteria:
(Table 2), while that for OCs and PCBs ranged from 0.1 10 ;) yetention time for each analyte must be within 0.2 min of

175ug/L (Table 3). Linearity was good for all analytes, with 4 yetention time of the analyte in the standards, and (i) the
correlatllon. coefficients in the.orde_r of 0.9800—_0.9990. These spectrum of each analyte must be within a satisfactory margin
results indicated the correct linearity of the calibration curves (match threshold 700) of the spectrum found for the analyte in
at the respective spiking levels (10, 5(_), and L@tkg olive oil the standards.
for OPs, and 1, 5, and Jg/kg olive oil for OCs and PCBs). Other researchers of the Mediterranean area have recently
3.2. Application of the Method to Virgin Olive Oil reported residues of the organophosphorus insecticides fenthion
Samples.The applicability of the method was assayed during and dimethoate in virgin olive oil from Greecg 13, 15) and
a pilot study where 19 virgin olive oil samples of “Empeltre” taly (17, 20), at mean concentrations significantly lower than
olive variety, collected from different olive mills of Arago  the MRLs. It has been reported that acephate and its metabolite
(Spain), were analyzed. Reported results were not corrected formethamidophos can occur in olives, but processing into olive
recoveries. Three parameters were used to report residuejl removes both residues (21).
levels: the mean, the median, and the standard error of the mean, Reports of organocmorine residues in Virgin olive oil are
expressed asg/kg. The mean and the median were calculated scarce. Endosulfan was detected in 22% of Greek virgin olive
using one-half the LOQ for results lower than the LOQ. The ojl samples, and the residues occurred almost exclusively as
maximum concentration valugg/kg) was the highest amount  the sulfate metabolite of endosulfaf).(In Spain, PCBs residues

Method quantitation limits (LOQs) were calculated according

of a given residue recorded in a sample. were detected in vegetable 0i22) and olive oil from Catalonia
The descriptive analysis of residues found in the samples is (23) at levels lower than 0.2g/kg.
summarized inTable 4. The organophosphorus chlorpyrifos, 3.3. Conclusions.The method proposed is based on a

diazinon, dimethoate, methamidophos, omethoate, and par-previous technique for OPs and OQs$), which was modified
athion-methyl were not detected in any sample. Acephate wasby using acetonitrile saturated with hexane as eluting solvent
detected in one sample at a concentration of 0.01 mg/kg. Therefor sample preparation and cleanup, allowing for the elution
are no maximum residue limit (MRL) established for acephate and subsequent determination of the most currently used
in virgin olive oil (Codex Alimentarius), and the EU MRL for  organophosphorus insecticides in olive tree treatment in Spain
acephate in olives is 0.02 mg/kg of olives. However, the use of (dimethoate, diazinon, and parathion-methyl), and a wide range
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of organochlorine pesticides and polychlorinated biphenyls.

Other modifications were necessary for the GC-NPD/ECD

conditions to optimize the separation of all compounds. Ad-

ditionally, the residues were confirmed by ion-trap S¢S/

MS. The application of these changes led to a novel analytical
approach with all of the advantages mentioned in the original
method, like short sample preparation times, low solvent

consumption, little use of glassware, and increased sample
throughput.

This adapted multiresidue GC method for the monitoring of
OPs, OCs, and PCBs has been validated for 23 compounds
which can be found at trace levels in virgin olive oil. The
recoveries were satisfactory for all OP and OC pesticides, with
values for the most part being between 80% and 105% and
relative standard deviations being below 15%. The PCBs showed

somewhat lower recoveries on average, although the repeat-

ability was fairly acceptable. The low solvent volume and
laboratory equipment required per sample make this method
economical. Also, its suitability for the most commonly used
insecticides in olive groves in Spain makes it very useful for
routine analysis.

ACKNOWLEDGMENT

We thank N. Ortega and M. Guennegues for their assistance
with the analysis of samples.

LITERATURE CITED

(1) Ministry of Agriculture, Fisheries and Foodlhe Spanish
Agrofood Sector and Rural Eifonment: Facts and Figures
6th ed.; MAPA, Technical Secretariat General: Madrid, Spain,
2002.

Morelld, J. R.; Motilva, M. J.; Tovar, M. J.; Romero, M. P.

Changes in commercial virgin olive oil (cv Arbequina) during

storage, with special emphasis on the phenolic fractiood

Chem.2004,85, 357—364.

Lentza-Rizos, Ch. Monitoring pesticide residues in olive prod-

ucts: Organophosphorus insecticides in olives andloAOAC

Int. 1994,77, 1096—1100.

Sannino, A.; Mambriani, P.; Bandini, M.; Bolzoni, L. Multi-

residue Method for Determination of Organochlorine Insecticides

and Polychlorinated Biphenyl Congeners in Fatty Processed

Foods.J. AOAC Int.1996,79, 1434—1446.

Hiskia, A. E.; Atmajidou, M. E.; Tsipi, D. F. Determination of

Organophosphorus Pesticide Residues in Greek Virgin Olive Oll

by Capillary Gas Chromatography. Agric. Food Chem1998,

46, 570—574.

(6) Cavanna, S.; Molinari, G. P. Residues of fenthion and trichlo-
rofon in olives and olive oil after olive tree treatmenEood
Addit. Contam1998,15, 518—527.

(7) Lentza-Rizos, Ch.; Avramides, E. J.; Visi, E. Determination of
residues of endosulfan and five pyrethroid insecticides in virgin
olive oil using gas chromatography with electron-capture detec-

@)

®)

(4)

®)

J. Agric. Food Chem., Vol. 53, No. 13, 2005 5109

(9) Association of Official Analytical ChemistOfficial methods

of analysis of AOAC International 6th ed.; AOAC: Arlington,

VA, 1995; Chapter 10.

Botitsi, E.; Kormali, P.; Kontou, S.; Mourkojanni, A.; Stavrakaki,

E.; Tsipi, D. Monitoring of pesticide residues in olive oil

samples: results and remarks between 1999 and 2002J.

Environ. Anal. Chem2004,84, 231—239.

Vreuls, J. J.; Swen, R. J.; Goudriaan, V. P.; Kerkhoff, M. A.;

Jongenotter, G. A.; Brinkman, U. A. Automated on-line gel

permeation chromatographygas chromatography for the de-

termination of organophosphorus pesticides in olive dil.

Chromatogr., A1996,750, 275—286.

Niessner, G.; Buchberger, W.; Eckerstorfer, R. Multiresidue

screening methods for the determination of pesticides in plant

materials.J. Chromatogr., AL999,846, 341—348.

Tsatsakis, A. M.; Tsakiris, |. N.; Tzatzarakis, M. N.; Agourakis,

Z. B.; Tutudaki, M.; Alegakis, A. K. Three-year study of fenthion

and dimethoate pesticides in olive oil from organic and conven-

tional cultivation.Food Addit. Contam2003,20, 553—559.

(14) Cabras, P.; Angioni, A.; Melis, M.; Minelli, E. V.; Pirisi, F. M.

Simplified multiresidue method for the determination of orga-

nophosphorus insecticides in olive qll. Chromatogr., AL997,

761, 327—331.

Lentza-Rizos, Ch.; Avramides, E. J.; Cherasco, F. Low-temper-

ature cleanup method for the determination of organophosphorus

insecticides in olive oilJ. Chromatogr., A2001, 912, 135—

142.

Gillespie, A. M.; Daly, S. L.; Gilvydis, D. M.; Schneider, F.;

Walters, S. M. Multicolumn Solid-Phase Extraction Cleanup of

Organophosphorus and Organochlorine Pesticide Residues in

Vegetable Oils and Butterfal. AOAC Int 1995,78, 431—437.

Rastrelli, L.; Totaro, K.; De Simone, F. Determination of

organophosphorus pesticide residues in Cilento (Campania, Italy)

virgin olive oil by capillary gas chromatographlfood Chem.

2002,79, 303—305.

Di Muccio, A.; Pelosi, P.; Barbini, D. A.; Generali, T.;

Girolimenti, S.; Stefanelli, P.; Leonelli, A.; Amendola, G.;

Vergori, L.; Fresquet, E. V. Determination of pyrethroid pesticide

residues in fatty materials by solid-matrix dispersion partition,

followed by mini-column size-exclusion chromatograplly.

Chromatogr., A1997,833, 19-34.

Analytical Methods Commitee of the Royal Society of Chemistry

of London. Recomendations for the definition, estimation and

use of the detection limitAnalyst1987,112, 199—204.

(20) Dugo, G.; Di Bella, G.; La Torre, L.; Saitta, M. Rapid GC-FPD
determination of organophosphorus pesticide residues in Sicilian
and Apulian olive oil.Food Control2005,16, 435—438.

(21) Cabras, P.; Angioni, A.; Garau, V. L.; Pirisi, F. M.; Cabitza, F.;
Pala, M. Acephate and buprofezin residues in olives and olive
oil. Food Addit. Contam2000,17, 855—858.

(22) Jalon, M.; Urieta, I.; Macho, M. L.; Azpiri, MFood chemical
sureeillance in the Basque Country: 1990—1995; Gobierno
Vasco: Vitoria, Spain, 1996.

(23) Abad, E.; Llerena, J. J.; Saulo, J.; Caixach, J.; Rivera, J. Study
on PCDDs/PCDFs and co-PCBs content in food samples from
Catalonia (Spain)Chemospher2002,46, 1435—1441.

(10)

(11

(12)

(13)

(15)

(16

)

17

18

~

(19)

tion. J. Chromatogr., A2001,921, 297—304.

Received for review February 2, 2005. Revised manuscript received

(8) Sanchez, R.; Vazquez, A.; Andini, J. C.; Villen, J. Automated April 13, 2005. Accepted April 30, 2005. We thank the Gobierno de

multiresidue analysis of pesticides in olive oil by on-line
reversed-phase liquid chromatographygas chromatography
using the through oven trsnsfer adsorption-desoption interface.
J. Chromatogr., A2004,1029, 167—172.

Aragoén (Spain) for its financial support through grants DGA P27/98
and DGA/Grupos de Investigacim Consolidados.

JF050247L



