ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Food Chemistry 105 (2007) 855-861

Food
Chemistry

www.elsevier.com/locate/foodchem

Analytical, Nutritional and Clinical Methods

Determination of herbicide residues in olive oil
by gas chromatography—tandem mass spectrometry

Maria A. Aramendia?, Victoriano Borau?, Fernando Lafont®, Alberto Marinas ®*,
José M. Marinas?, José M. Moreno ?, Francisco J. Urbano?

# Department of Organic Chemistry, University of Cordoba, Campus de Rabanales, Edificio C-3, E-14014 Cérdoba, Spain
®Servicio Central de Apoyo a la Investigacion (SCAI), Unidad de Espectrometria de Masas, Universidad de Cérdoba,
Campus de Rabanales, E-14014 Cordoba, Spain

Received 18 October 2006; received in revised form 22 January 2007; accepted 28 January 2007

Abstract

This paper reports a method for the analysis in olive oil of multiresidues of the herbicides of low-medium polarity most widely used by
Andalusian olive growers. The method, which uses gas chromatography/tandem mass spectrometry (GC-MS/MS), was developed
within the framework of Project CAO00-005, which spanned the period from 2000 to 2004. The results obtained for more than 3000
samples of virgin olive oil and organic olive oil analyzed over such a period are reported. Samples were extracted with an acetoni-
trile/n-hexane mixture and cleaned up by passage through Florisil columns prior to analysis. A linear determination range for the her-
bicides from 1 to 500 ugkg~! and a correlation coefficient better than 0.996 were achieved. The reproducibility, as relative standard
deviation, was quite acceptable (8—11%), and so were herbicide recoveries (90-102%). The proposed method has been transferred to both

public and private laboratories in the Andalusian region.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Crop protection products in general and herbicides in
particular are essential for the subsistence of modern agri-
culture. However, the use of these substances poses poten-
tial hazards for humans, animals and the environment, and
has thus aroused a strong interest in identifying their pres-
ence in food, drinking water and soils. The triazines sima-
zine and terbuthylazine, and diuron, are among the
herbicides most widely used by olive growers in the Spanish
region of Andalusia. The low detection levels set by regula-
tory bodies and the complex nature of olive oils potentially
containing herbicides have so far precluded the develop-
ment of a straightforward, robust, sensitive, selective, accu-
rate method for their routine screening in such an intricate
type of matrix as regards identification and quantitation.
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The US Environmental Protection Agency (EPA) recom-
mends the use of analytical methods where identification
is confirmed by mass spectrometry (MS) for this purpose.
The US Food and Drug Administration endorses the use
of this technique with three ions for confirmatory purposes
(Makovi & Mahon, 1999). Moreover, selected-reaction
monitoring with triple quadrupole instruments (Dagnac,
Bristeau, Jeannot, Mouvet, & Baran, 2005; Gongalves,
Carvalho, Azenha, & Alpendurada, 2006; Sauret-Szcze-
panski, Mirabel, & Wortham, 2006) or ion-trap equipment
has become the preferred tool for quantitation in this con-
text. Because a full product spectrum can be recorded, the
ion(s) to be used for quantitation can be chosen before or
after acquisition and changed without the need for further
analyses. In addition, full-scan product spectra can be used
to exclude false positives.

Olive oil, which is a major ingredient of Mediterranean
diet, is said to have significant protective effects against
some types of cancer and coronary heart disease (Roche,
Gibney, Kafatos, Zampelas, & Williams, 2000). This prop-
erty has been ascribed to the presence of phenols in addi-
tion to squalene or oleic acid. The European Union
produces 80% of the global output of olive oil (more than
2 million tonnes each year), with Spain as the leading coun-
try (34% of the output). Spanish olive groves are located
mainly in Andalusia, a strongly agriculture-dependent
region where the competent council is continuously striving
to preserve the high-quality features of the oil.

There is currently no specific legislation in Spain as
regards maximum residue limits (MRLs) for herbicides in
olive oil, but only in olives. However, levels five times
higher than those set for olives are commonly accepted
for oil. With this rule of thumb, the maximum acceptable
contamination levels for some of the more commonly used
pesticides would be 500 pg kg~! for atrazine and simazine,
250 pug kg~ ! for terbuthylazine, 100 ug kg~' for oxyfluorfen
and diflufenican, 250 ugkg™' for norflurazone and
1000 pg kg~ for diuron (see Table 1).

However, the presence of pesticide residues at low or
even undetectable levels can be expected to become a major
quality criterion for rejection of olive oil in the future. This
has raised the need to develop new methods capable of

detecting herbicides at levels below those accepted by cur-
rent regulations. Until such methods are developed, some
producers are offering organic olive oil, which is produced
from olives treated with no pesticide or man-made fertil-
izer. The new methods should rely on sensitive enough
techniques to allow herbicides to be detected at very low
levels in order to avoid fraud and/or alert farm owners of
the presence of contamination in nearby holdings.

Spanish Ministry of Agriculture banned the use of sima-
zine on olives in 2003. This has fostered the use of terbu-
thylazine as a substitute pesticide.

The number of methods available for determining tria-
zines in water (Sabik & Jeannot, 2006) exceeds that of
methods for their analysis in other types of sample matrix
in combination (the sequence is water > soil > crops >
fats and oils). At the beginning of this research project,
to the best of our knowledge, no such method existed,
however, for the determination of triazines in olive oil,
which is much more complex a matrix than is water. Fur-
thermore, analytical methods for determining pesticides
in fats and oils invariably require extraction of pesticide
residues and fat from the matrix, followed by clean-up of
the extract prior to chromatographic analysis. The most
widely used technique in this context is liquid-liquid parti-
tioning; however, other, more environmentally-friendly
methods such as supercritical fluid extraction with carbon
dioxide (Gongalves et al., 2006; Hopper, 1999) are gradu-
ally gaining ground for this purpose. Extracts are usually
cleaned up by passage through Florisil, alumina or silica
columns; matrix solid-phase dispersion; solid-phase extrac-
tion or GPC (Albero, Sanchez-Brunete, Donoso, & Tadeo,
2004; Balinova, 1993, 1998; Sabik, Jeannot, & Rondeau,
2000). Finally, identification and determination are done
with gas (GC-NPD (Go6mez de Barreda et al., 1998; San-
chez-Brunete, Pérez, Miguel, & Tadeo, 1998), GC-MS
(Frias, Rodriguez, Conde, & Pérez-Trujillo, 2003; Hernan-
dez, Hidalgo, Sancho, & Loépez, 1998; Sanchez-Brunete
et al., 1998)) or liquid chromatography (LC-LC-UV
(Hernandez et al., 1998; Hidalgo, Sancho, & Hernandez,
1997; Martinez Galera, Martinez Vidal, Garrido Frenich,
& Gil Garcia, 1997), HPLC-DAD (Gdémez de Barreda
et al., 1998; Martinez Galera et al., 1997; Sabik et al.,

Table 1

Characteristics of the target herbicides

Compound log Kow® Purity (%) LDs, oral LDs in rats (mg kg™")° MRL (ug kg™") in olives®
Atrazine 2.6 99.2 3080 100
Propazine 29 99.5 >5000 Not regulated
Simazine 22 99.3 >5000 100
Terbuthylazine 2.8 99.0 2160 50

Diuron 2.7 99.4 3400 200
Norflurazone 2.3 98.6 9400 50
Bromophos (IS) 5.2 99.1 - -
Oxyfluorfen 4.7 99.5 >5000 20
Diflufenican 4.9 99.5 >5000 20

* Data available at http://risk.Isd.ornl.gov/cgi-bin/tox/TOX_select?select=csf..

® Taken from EPA datasheets and reference Yokley (2003).

¢ MRLs as per Spanish Legislation (April Ist, 2002). As a rule of thumb, the limits accepted for olive oil are five times the MRLs in olives.
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2000), HPLC-APcI-MS (Asperger, Efer, Koal, & Enge-
wald, 2002; Thomas, 1998), HPLC-ES-MS (Huang,
Mayer, Yokley, & Perez, 2006; Lacassie et al., 1999; Yok-
ley, 2003)), which are used for pesticides in water mainly.
An excellent review of the analytical methodologies avail-
able for determining triazines in water, soil, crops and bio-
logical fluids has been published (Yokley, 2003). In 2004 a
multiresidue method for determining herbicides in olive oil
was described (Sanchez, Vazquez, Andini, & Villén, 2004).
Some other authors (Ballesteros, Garcia Sanchez, &
Ramos Martos, 2006) have recently used equipment and
methods similar to ours, or even the same internal standard
(methyl-bromophos). For obvious reasons, the results of
our project have remained confidential until now; however,
the method has been disclosed at dedicated meetings (Ara-
mendia et al., 2002, 2005; Porras, 2005) and courses taught
by SCAI (Central Service for the Support of Research) at
the University of Cérdoba.

The primary aim of this work was to develop a fast, effi-
cient extraction, clean-up and detection method for the
routine analysis of herbicide residues in olive oil. The idea
was to develop a reliable, sensitive method which could
detect such low herbicide concentrations as to conclude
whether the herbicide was present or not. Obviously, unde-
tection of the herbicides studied in the present manuscript
does not imply that the oil can be termed as organic olive
oil since, for instance, some other plaguicides could be
present or man-made fertilizers could have been used.
What follows is a description of the method and main
results obtained by the authors over the period 2000-
2004 within the framework of Project CAOO00-005
(Improving the Quality of Olive Oil) with funding from
the Andalusian regional government and FEDER.

2. Materials and methods
2.1. Chemicals

All herbicide standards were obtained from Riedel de
Haén (Seelze, Germany). Their percent purity, logarithmic
octanol-water partition coefficients (log K,,), oral toxicity
to rats (LDsy, mgkg ') and maximum residue levels
(MRLs) in olive oils are listed in Table 1.

All solvents (viz. acetone, acetonitrile, n-hexane, metha-
nol, petroleum benzine and diethyl ether) were HPLC grade
and supplied by Merck (Darmstadt, Germany).

Anhydrous sodium sulphate was purchased from Panreac
(Montada 1 Reixac, Barcelona, Spain). Florisil polymer
(mixed silica and magnesia, 0.150-0.250 mm for column
chromatography, from Merck) and 10 cm 14/23 extraction
tubes from Pobel (Madrid, Spain) were also used.

2.2. Standards
A stock solution of each studied herbicide at a

100 mg1~! concentration was prepared in acetone. The
herbicide solutions used to spike oil samples were made

by diluting appropriate volumes of the stock solutions in
order to obtain a herbicide concentration of 1-500 pg kg™
for GC-MS/MS analyses and 40-2000 pg kg~' for GC—
ECD analyses. Quantitation was done by using blank
matrix extracts as the GC response of many pesticides is
known to be matrix-dependent (Erney, Gillespie, Gilvydis,
& Poole, 1993; Hajslova et al., 1998). Bromophos-methyl, a
compound structurally similar to the target herbicides, was
used as internal standard in GC and GC-MS/MS analyses.

2.3. Matrices and real samples

Herbicide-free virgin olive oil samples obtained by vari-
ous producers from three different olive varieties were used
as matrices for spiked samples. The real samples studied
were supplied by the SCAI-Mass Spectrometry Laboratory
of the University of Cérdoba and collected by both farmers
and regional administration workers.

2.4. Sample extraction

An amount of 2 g of olive oil containing 500 ppb of
internal standard (Bromophos-methyl) were dissolved in
2 ml of n-hexane and supplied with 20 ml of acetonitrile
(two extractions with 10 ml each), the mixture being vigor-
ously shaken in a Selecta Vibromatic-384 mechanical sha-
ker for 20 min, centrifuged on a Selecta-1000 apparatus
and refrigerated in order to favour layer separation, a small
amount of anhydrous sodium sulphate (ca. 0.1 g) being
added to the dry extract (the acetonitrile layer) at the end.

2.5. Clean-up

The previous extract was placed in a heart-shaped flask
and the solvent evaporated to dryness at a low pressure at
45 °C in a Heidolph-Laborata 4000 rotary evaporator from
Heizbad WB. Then, the dried extract was dissolved in
25 ml of 94:6 (v/v) petroleum benzine-diethyl ether mix-
ture. The resulting solution was passed through a Florisil
column that was pre-activated with 25 ml of the previous
solvent mixture. Then, two 25 ml portions of 94:6 and
85:15 (v/v) solvent mixtures, and 55 ml of 50:50 (v/v) mix-
ture, were used to elute the herbicides. The final solution
was collected in a 100 ml heart-shaped flask and evapo-
rated to dryness in the rotary evaporator, the residue being
reconstituted in 1 ml of acetone for GC-ECD or 0.5 ml of
cyclohexane for GC-MS/MS.

2.6. GC-ECD conditions

A Fisons Instruments Series II 83600-00 gas chromato-
graph equipped with an electron capture detector (Model
ECD-800, 50 V, 1 ps, Nickel-63 370 MBq, also from Fisons
Instruments) and a Cold On-Column injector was used. A
non-polar 2m, 0.32 mm i.d. column and a Teknokroma
TRB-5MS 30m, 0.32mm i.d. column of 0.25pum film
thickness were also used. The optimized chromatographic
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conditions were as follows: carrier and make-up gas,
nitrogen; sample size, 1 pl; column head pressure, 10 psi;
oven temperature, 60 °C (hold 2 min), followed by a
10 °C min~" ramp to 170 °C (hold 2 min), a 3 °C min~"
ramp to 200 °C (hold 1 min) and a 10 °C min~' ramp to
250 °C (hold 5 min); detector temperature, 330 °C.

2.7. GC-MSIMS conditions

A CP-3800 gas chromatograph from Varian (Sunnyvale,
CA) equipped with a 1079 PTV injector containing a plug
of Carbofrit (Restek, Bellefonte, PA) and coupled to a Sat-
urn-220 Ion-Trap MS/MS detector, also from Varian, was
used in conjunction with a 2 m, 0.32 mm i.d. non-polar col-
umn and a Varian CPSil8CB 30 m, 0.25 mm i.d. column of
0.25 um film thickness. The chromatographic conditions
were as follows: injector temperature, 70°C (hold
0.5 min), followed by a 100 °C min~! ramp to 300 °C (hold
15 min); carrier gas, helium more than 99.999% at
1.0 ml min~"; sample size, 7 pl; column head pressure, con-
stant flow of 1 ml min~'; oven temperature, 70 °C (hold
3.5 min), followed by a 25 °C min~' ramp to 180 °C (hold
10 min) and a 4 °C min~' ramp to 300 °C (hold 10 min).
The GC-MS transfer line temperature was 280 °C; the
MS source pressure and temperature were 10~ mbar and
200 °C, respectively; the electron impact ionization energy
was 70 eV; and the scan rate 1.5scanss '. The ion-trap
mass spectrometer was operated in both the electron ioni-
zation (EI) and chemical ionization (CI) modes. The fila-
ment emission current was 90 pA for EI and 30 pA for
CI. The reagent used for chemical ionization was
methanol. Finally, the MS-MS process was conducted in
the collision-induced dissociation (CID) mode, using non-
resonant excitation.

3. Results and discussion
3.1. Optimization of the extraction and clean-up steps

3.1.1. Extraction

A mixture of acetonitrile and n-hexane was found to be
the most effective choice of extraction solvent. Adding a
small amount of n-hexane and refrigerating the samples
favored retention of triglycerides in the n-hexane layer.
The minimum volume of acetonitrile providing acceptable
recoveries was 20 ml (two extractions with 10 ml each) and
the optimum extraction time for all herbicides 20 min.
Fig. 1 clearly illustrates that recoveries obtained using
two extractions with 10 ml acetonitrile each are higher than
those achieved for a single extraction with 20 ml.

3.1.2. Clean-up

Because the acetonitrile layer inevitably contained a
small amount of triglycerides after liquid-liquid partition-
ing, it had to be cleaned up with Florisil. Prior to passage
through the column, however, the acetonitrile layer must
be freed of any water by using anhydrous sodium sulphate
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Fig. 1. Results obtained for recovery tests using a single extraction with
20 ml of acetonitrile or two extractions with 10 ml acetonitrile each.

in order to avoid deactivation of the Florisil. The optimum
amount of Florisil was determined from the GC-ECD
chromatographs of Fig. 2, which were obtained with 2-
5 g of polymer. As can be seen, too much Florisil (5 g)
resulted in incomplete elution of the herbicides, whereas
too little (2 g) led to co-extraction of other compounds that
hindered determination of some analytes. Also, an amount
of 4 g of Florisil provided poor recoveries (in the region of
50%), so we chose to use 3 g in subsequent tests.
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Fig. 2. Influence of the amount of Florisil used on the clean-up efficiency

and recovery of herbicides. Elution order for triazines is simazine (S),
atrazine (A), propazine (P) and terbuthylazine (T).
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3.2. Recovery of herbicides

Recoveries were calculated from quintuplicate analyses
of samples that were spiked at five times the limit of quan-
titation (LOQ) and at the MRL for each analyte, and
found to be 92-98% for triazines, 98% for oxyfluorfen
and norflurazone, 90% for diflufenican and 102% for diu-
ron at both concentration levels. The corresponding rela-
tive standard deviations (RSDs, n =15) were all less than
7%.

3.3. GC-ECD calibration

All herbicides were analyzed as such by GC-ECD. By
exception, diuron had to be previously transformed into
its metabolite (1,4-dichloro-2-isocyanato benzene) in the
PTV injector of the GC-MS/MS equipment. Because the
on-column injector of our GC-ECD instrument was not
amenable to heating, diuron gave a non-Gaussian peak
by effect of its decomposing through the column, so it
could not be quantified with the proposed method.

Table 2 lists the limit of quantitation (LOQ, at a signal-
to-noise ratio of 10), linear range and correlation coeffi-
cient (R) as obtained from calibration curves, as well as
the standard deviations for repeatability (RSD,, n=15)
and reproducibility (RSDg, n = 6), for the studied ana-

Table 2

lytes. A comparison with the MRLs of these compounds
in olives and olive oil (see Tables 1 and 2) reveals that they
are very similar; therefore, a more sensitive and especially
selective method is required in order to meet current regu-
lations as the electron capture detector does not afford
unequivocal confirmation of identity and is often subject
to matrix interferences (Gongalves et al., 2006).

3.4. GC-MS/MS tests

Table 3 shows the GC-MS/MS conditions, and the
quantitation and confirmation ions, used for each analyte.
Table 4 compares the linear ranges, LOQs (S/N = 10) and
correlation coefficients (r°) as obtained from calibration
curves, as well as the relative standard deviations for
repeatability (RSD,, n=135) and reproducibility (RSDg,
n = 6), for the analytes. As can be seen, the results meet
the regulations currently in force. Also, the ability to
record the full mass spectrum allows each target herbicide
to be unequivocally identified.

3.5. Applications
The applicability of the proposed method was checked

by spiking various herbicide-free olive oils at the EU’s
MRL for each analyte. The standard deviations thus

Linearity range, limit of quantitation (LOQ), recovery (Rec), relative standard deviation for repeatability (RSD,), and relative standard deviation for

reproducibility (RSDg) of the analytes as determined by GC-ECD

Compound Linear range (ug kg™") R RSD; (%) RSDg (%) Rec (%) LOQ (ugkg™) MRL? (ug kg™
Diuron Non-Gaussian peak - - - - - 200

Simazine 50-2000 0.9994 4 7 93 50 100°

Atrazine 50-2000 0.9997 5 9 92 50 100

Propazine 50-2000 0.9985 4 8 98 50 Not regulated
Terbuthylazine 40-2000 0.9987 3 5 95 40 50
Norflurazone 40-2000 0.9979 3 6 98 40 50

* MRL, maximum residue limits for the herbicides in olives.
° The use of simazine in olive groves was banned in Spain in 2003.

Table 3

MS/MS conditions for the herbicides analyzed

Compound RTW? (min) Precursor ion (m/z) Ion® CID® CID RF (m/z) Product ion-quantifiers (m/z) Product ion-qualifiers (m/z)
Diuron? 8.11 187 EI 75 75 124 124, 187, 159, 97, 88
Simazine 13.03 202 CI 71 80 104 104, 174, 146, 202, 132
Atrazine 13.16 216 CI 80 90 174 174, 146, 104, 132, 216
Propazine 13.26 230 CI 85 110 188 188, 146, 230, 174
Terbuthylazine  13.73 230, 214 CI EI 57,92 80, 100 174 150 + 178 174 150, 178, 214,169
Norflurazone 30.47 303 EI 100 100 234 145, 234, 302, 260
Bromophos IS®  21.48 331 El 75 90 286 284, 286, 316
Oxyfluorfen 27.00 300 EI 100 95 132 132, 223

Diflufenican 31.76 394 EI 82 150 374 266, 374

& RTW, retention time window.

® Jon, ionization mode; CI, chemical ionization with methanol; EI, electron ionization.
¢ CID, collision-induced dissociation. Amplitude, V.
9 Detected as a intermediate: 1,4-dichloro-2-isocyanato benzene.
¢ IS, Internal Standard.



860

Table 4

M. A. Aramendia et al. | Food Chemistry 105 (2007) 855-861

Linearity range, limit of quantitation (LOQ), recovery (Rec), relative standard deviation for repeatability (RSD,), and relative standard deviation for

reproducibility (RSDg) of the analytes as determined by GC-MS/MS

Compound Linear range (ug kg™") R RSD; (%) RSDg (%) Rec (%) LOQ (ngkg™)
Diuron 3-500 0.9985 6 8 102 3
Simazine 2-500 0.9983 5 8 93 2
Atrazine 1-500 0.9987 4 11 92 1
Propazine 1-500 0.9985 6 8 98 1
Terbuthylazine 0.5-500 0.9976 5 10 95 0.5 CI
2-500 2 EI
Norflurazone 1-500 0.9958 7 9 98 1
Bromophos IS* - - - - 100 1
Oxyfluorfen 2-500 0.9967 5 11 98 2
Diflufenican 0.5-500 0.9964 5 10 90 0.5

“ IS, Internal standard.

obtained (n = 5) were all less than 10%. No similar work on
the determination of herbicides in olive oil had been
reported at the time the present project was started. During
the four years it has been conducted, the proposed GC-
MS/MS method has been applied to more than three thou-
sand samples of virgin or organic olive oil. The results can
be summarized as follows: the analysis of the 2001 season
revealed the presence of simazine at levels overly exceeding
its MRL in a large number of samples (15% of all studied);
moreover, concentrations of this herbicide over the range
235-350 pg kg ! were frequently encountered in the con-
taminated samples, which were set aside for refining. These
results prompted a broad campaign intended to dissemi-
nate useful information and provide effective training in
this respect for farmers. As a consequence, the number of
contaminated samples encountered in the 2002 season,
and their herbicide levels, were markedly reduced with
respect to the previous one. The use of simazine was
banned in 2003, which resulted in a further reduction in
the extent of contamination by this herbicide; in fact, this
compound was rarely detected, and only at levels well
below its MRL. A number of oil samples were found to
contain terbuthylazine the most common and highly con-
centrated among the studied herbicides, followed by diu-
ron. This latter herbicide is very commonly applied to
olive crops and was found, as its metabolite, in high pro-
portions that exceeded its MRL in less than 3% of all sam-
ples. On the other hand, norflurazone, which is scarcely
used by Andalusian olive growers, was rarely detected,
and oxyfluorfen was present in few samples and at very
low levels in any case. By contrast, diflufenican, which is
commonly used in the region, was encountered in many
samples, but generally at very low levels below its MRL
in most samples. In any case, organic olive oil exhibited
lower levels of all herbicides much lower than the respective
MRLs or even their complete absence.

Application of the proposed GC-MS/MS method has
been extended to 80 pesticides, with LOQs of a few
parts-per-million and excellent repeatability and reproduc-
ibility in all cases. Other herbicides used by olive growers
were studied in previous work (Aramendia et al., 2006).
Amitrole and glyphosphate are the targets of various

HPLC-MS/MS methods currently under development.
Because oil is a non-polar matrix, however, these pesticides
pose less serious contamination problems.

4. Conclusions

The proposed extraction-clean-up method provides
acceptable recoveries for the herbicides most commonly
used on olive trees in Spain. The fact that the final extract
contains very little oil residue thanks to the efficient clean-
up procedure used allows it to retain its separation effi-
ciency after many injections. Moreover, the low solvent
volume and short analysis time required per sample make
it especially economical.

GC-ECD does not afford reliable identification and
quantitation of the herbicides in such a complex matrix
as olive oil; furthermore, the LOQs it provides are inade-
quate or too close to the MRLs for the herbicides. On
the other hand, the GC-MS/MS technique provides excel-
lent selectivity and LOQs, which allows the simultaneous
confirmation of identity and quantitation of the herbicides
at low levels in olive oil.

Diuron was detected as its metabolite (1,4-dichloro-2-
isocyanato benzene, which is also the metabolite for linu-
ron). The type of injector used dictates whether this herbi-
cide can be accurately quantified.

Bad agricultural practices were found to be origin of the
herbicide contamination present in the olive oils. Dissemi-
nating good practices and transferring the required tech-
nology to agricultural laboratories, which were two
objectives of this work, allowed the proportion of samples
containing herbicides above their MRLs to be reduced
below 3% and their levels in such samples to be decreased
very markedly with respect to the year our Project was
started (2001).

Acknowledgements

The authors gratefully acknowledge funding from the
Consejeria de Agricultura, Pesca y Alimentacion de la Jun-
ta de Andalucia (Project CAO00-005), the Consejeria de
Innovacién y Ciencia y Empresa de la Junta de Andalucia



M. A. Aramendia et al. | Food Chemistry 105 (2007) 855-861 861

(Project FQM 191) and Spain’s Ministry of Science and
Technology with the framework of Projects CTQ-2005-
04080/BQU (co-funded by FEOGA and FEDER) and
CTQ-2004-21662-E.

References

Albero, B., Sanchez-Brunete, C., Donoso, A., & Tadeo, J. L. (2004).
Determination of herbicide residues in juice by matrix solid-phase

dispersion and gas chromatography-mass spectrometry. Journal of

Chromatography A, 1043, 127-133.

Aramendia, M. A., Borau, V., Jiménez, C., Lafont, F., Marinas, A., &
Marinas, et al. (2002). Determinacion de herbicidas en aceite de oliva.
Jornadas de Investigacion y Transferencia de Tecnologia al Sector
Oleicola. (pp. 336-338). Cdérdoba (Spain).

Aramendia, M. A., Borau, V., Lafont, F., Marinas, A., Marinas, J. M., &
Moreno, J.M., et al. (2005). Determinacion de herbicidas en aceite de
oliva por GC-MS/MS o HPLC-MS/MS. In XII simposium Cientifico
Técnico. Expoliva 2005. Jaén (Spain).

Aramendia, M. A., Borau, V., Lafont, F., Marinas, A., Marinas, J. M.,
Moreno, J. M., et al. (2006). Determination of diquat and paraquat in
olive oil by ion-pair liquid chromatography-electrospray ionization
mass spectrometry (MRM). Food Chemistry, 97, 181-188.

Asperger, A., Efer, J., Koal, T., & Engewald, W. (2002). Trace
determination of priority pesticides in water by means of high-speed
on-line solid-phase extraction-liquid chromatography-tandem mass
spectrometry using turbulent-flow chromatography columns for
enrichment and a short monolithic column for fast liquid chromato-
graphic separation. Journal of Chromatography A, 960, 109-119.

Balinova, A. (1993). Solid-phase extraction followed by high-performance
liquid chromatographic analysis for monitoring herbicides in drinking
water. Journal of Chromatography A, 643, 203-207.

Balinova, A. (1998). Multiresidue determination of pesticides in plants by
high-performance liquid chromatography following gel permeation
chromatographic clean-up. Journal of Chromatography A, 823, 11-16.

Ballesteros, E., Garcia Sanchez, A., & Ramos Martos, N. (2006).
Simultaneous multidetermination of residues of pesticides and poly-
cyclic aromatic hydrocarbons in olive-pomace oils by gas chromatog-
raphy-tandem mass spectrometry. Journal of Chromatography A,
1111, 89-96.

Dagnac, T., Bristeau, S., Jeannot, R., Mouvet, C., & Baran, N. (2005).
Determination of chloroacetanilides, triazines and phenylureas and
some of their metabolites in soils by pressurized liquid extraction, GC—
MS/MS, LC-MS and LC-MS/MS. Journal of Chromatography A,
1067, 225-233.

Erney, D. R., Gillespie, A. M., Gilvydis, D. M., & Poole, C. F. (1993).
Explanation of the matrix-induced chromatographic response
enhancement of organophosphorus pesticides during open tubular
column gas chromatography with splitless or hot on-column injection
and flame photometric detection. Journal of Chromatography A, 638,
57-63.

Frias, S., Rodriguez, M. A., Conde, J. E., & Pérez-Trujillo, J. P. (2003).
Optimisation of a solid-phase microextraction procedure for the
determination of triazines in water with gas chromatography-mass
spectrometry detection. Journal of Chromatography A, 1007,
127-135.

Gémez de Barreda, D., Jr., Gamén Vila, M., Lorenzo Rueda, E., Saez
Olmo, A., Gémez de Barreda, D., Garcia de la Cuadra, J., et al. (1998).
Dissipation of some citrus selective residual herbicides in an irrigation
well. Journal of Chromatogaphy A, 795, 125-131.

Gongalves, C., Carvalho, J. J., Azenha, M. A., & Alpendurada, M. F.
(2006). Optimization of supercritical fluid extraction of pesticide
residues in soil by means of central composite design and analysis by
gas chromatography—tandem mass spectrometry. Journal of Chroma-
tography A, 1110, 6-14.

Hajslova, J., Holadova, K., Kocourek, V., Poustka, J., Godula, M.,
Cuhra, P., et al. (1998). Matrix-induced effects: a critical point in the

gas chromatographic analysis of pesticide residues. Journal of Chro-
matography A, 800, 283-296.

Hernandez, F., Hidalgo, C., Sancho, J. V., & Lépez, F. J. (1998). Coupled-
column liquid chromatography applied to the trace-level determina-
tion of triazine herbicides and some of their metabolites in water
samples. Analytical Chemistry, 70, 3322-3328.

Hidalgo, C., Sancho, J. V., & Hernandez, F. (1997). Trace determination
of triazine herbicides by means of coupled-column liquid chromatog-
raphy and large volume injection. Analytica Chimica Acta, 338,
223-229.

Hopper, M. L. (1999). Automated one-step supercritical fluid extraction
and clean-up system for the analysis of pesticide residues in fatty
matrices. Journal of Chromatography A, 840, 93-105.

Huang, S.-B., Mayer, T. J., Yokley, R. A., & Perez, R. (2006). Direct
aqueous injection liquid chromatography/electrospray ionization-mass
spectrometry/mass spectrometry analysis of water for atrazine, sima-
zine, and their chlorotriazine metabolites. Journal of Agricultural and
Food Chemistry, 54(3), 713-719.

Lacassie, E., Dreyfuss, M. F., Daguet, J. L., Vignaud, M., Marquet, P., &
Lachatre, G. (1999). Liquid chromatography—electrospray mass spec-
trometry multi-residue determination of pesticides in apples and pears.
Journal of Chromatography A, 830, 135-143.

Makovi, C. M. & Mahon, B. M. (1999). Multiresidue methods, US
Department of Health and Human Services, Public Health Service
Food and Drug Administration (3rd ed., Vol. 1). Pesticide Analytical
Manual; Rev October 1999.

Martinez Galera, M., Martinez Vidal, J. L., Garrido Frenich, A., &
Gil Garcia, M. D. (1997). Evaluation of multiwavelength chro-
matograms for the quantification of mixtures of pesticides by high-
performance liquid chromatography-diode array detection with
multivariate calibration. Journal of Chromatography A, 778,
139-149.

Porras, J. M. (2005). PhD Thesis: Determinacion de herbicidas en aceite
de oliva por CG-EM HPLC-EM. University of Cérdoba. Cérdoba
(Spain).

Roche, H. M., Gibney, M. J., Kafatos, A., Zampelas, A., & Williams, C.
M. (2000). Beneficial properties of olive oil. Food Research Interna-
tional, 33, 227-231.

Sabik, H., Jeannot, R., & Rondeau, B. (2000). Multiresidue methods using
solid-phase extraction techniques for monitoring pesticides, including
triazines and degradation products, in ground and surface waters.
Journal of Chromatography A, 885, 217-236.

Sabik, H., & Jeannot, R. (2006). Determination of triazine herbicides and
degradation products in water by solid-phase extraction and chro-
matographic techniques coupled with mass spectrometry. Methods in
Biotechnology, 19, 467-479.

Sanchez, R., Vazquez, A., Andini, J. C., & Villén, J. (2004). Automated
multiresidue analysis of pesticides in olive oil by on-line reversed-phase
liquid chromatography—gas chromatography using the through oven
transfer adsorption-desorption interface. Journal of Chromatography
A, 1029, 167-172.

Sanchez-Brunete, C., Pérez, R. A., Miguel, E., & Tadeo, J. L. (1998).
Multiresidue herbicide analysis in soil samples by means of extraction
in small columns and gas chromatography with nitrogen—phosphorus
and mass spectrometric detection. Journal of Chromatography A, 823,
17-24.

Sauret-Szczepanski, N., Mirabel, P., & Wortham, H. (2006). Development
of an SPME-GC-MS/MS method for the determination of pesticides
in rainwater: Laboratory and field experiments. Environmental Pollu-
tion, 139(1), 133-142.

Thomas, K. V. (1998). Determination of selected antifouling booster
biocides by high-performance liquid chromatography-atmospheric
pressure chemical ionisation mass spectrometry. Journal of Chroma-
tography A, 825, 29-35.

Yokley, R. A. (2003). Triazine herbicide methodology. In P. W. Lee, H.
Aizawa, A. C. Barefoot, & J. J. Murphy (Eds.). Handbook of residue
analytical methods for agrochemicals (Vol. 1, pp. 412-450). West
Sussex: Wiley.



	Determination of herbicide residues in olive oil by gas chromatography-tandem mass spectrometry
	Introduction
	Materials and methods
	Chemicals
	Standards
	Matrices and real samples
	Sample extraction
	Clean-up
	GC-ECD conditions
	GC-MS/MS conditions

	Results and discussion
	Optimization of the extraction and clean-up steps
	Extraction
	Clean-up

	Recovery of herbicides
	GC-ECD calibration
	GC-MS/MS tests
	Applications

	Conclusions
	Acknowledgements
	References


