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a b s t r a c t

This article presents a novel application of carbon nanotubes for the determination of pesticides (chlor-
toluron, diuron, atrazine, simazine, terbuthylazin-desethyl, dimetoathe, malathion and parathion) in
virgin olive oil samples. For this purpose, two carbon nanotubes, multi-walled and carboxylated single-
walled, were evaluated, the later being the most appropriate for the aim of the work. The sorbent (30 mg)
was packed in 3-mL commercial cartridge and the virgin olive oil samples diluted (20%, v/v) in hexane
were passed through it. After a washing step with 3 mL of hexane to remove the sample matrix, the
pesticides were eluted with 500 �L of ethyl acetate. In order to achieve lower detection limits, the elu-
ent was evaporated under a nitrogen stream and the residue reconstituted in 50 �L of the same solvent.
Aliquots of 2 �L of the extract were directly injected into the GC–MS system for analysis. The low limits
of detection achieved, between 1.5 and 3.0 �g L−1, permit the application of the method to control the
presence of these pollutants in very restrictive samples such as the ecological virgin olive oil. In addition
to the sensitivity enhancement, the solid-phase extraction procedure is rather simple as it involves a
single preconcentration–elution step, which allows sample processing in less than 8 min. Moreover, the

cartridge can be reused at least 100 times without losing performance. The method was applied to the
determination of the pesticides in two monovarietal and one ecologic commercial extra virgin olive oil

ere
estici
samples. Two pesticides w
sample resulted to be a p

. Introduction

The increasing production and application of pesticides for agri-
ultural purposes has caused the pollution of the environment
soils, waters and air) involving a serious risk to human and liv-
ng organisms health by either direct exposure or through residues
n foods and drinking waters. In this scenario, alarming levels of
esticides have been reported in air, water or foods, among others
1–3]. For this reason, simplest, reliable methodologies for rapid
etection of pesticides are mandatory. Modern trends in analyti-
al chemistry are towards the simplification and miniaturization of
ample preparation, as well as the decrease of the organic solvent
olume used. In this context, several novel extraction techniques

re being developed in order to reduce the analysis step, increase
he sample throughput and improve the quality and the sensitivity
f analytical methods [4].

∗ Corresponding author. Tel.: +34 957 218 616; fax: +34 957 218 616.
E-mail address: qa1meobj@uco.es (M. Valcárcel).

021-9673/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2009.02.060
detected in each of the monovarietal virgin olive oils while the ecological
de-free one.

© 2009 Elsevier B.V. All rights reserved.

Concerning food control analyses, development of sample-
treatment procedures for the isolation of pesticides in matrices
with relatively high fat content, such as olive oil and olives, is rather
complicated [5]. The preparation of these samples for the determi-
nation of pesticides by chromatographic techniques requires the
complete removal of the high molecular-mass fat to preserve the
separation performance of the chromatographic column. For this
reason, an additional cleanup step is usually included in these
methods. The most used sample-treatment procedures, includ-
ing liquid–liquid extraction (LLE), gel-permeation chromatography
(GPC), solid-phase extraction (SPE), matrix solid-phase dispersion
(MSPD) or quick, easy, cheap, effective, rugged and safe (QuEChERS)
techniques, have been recently reviewed [6]. One example of MSPD
treatment was developed for the quantification of a selected group
of the most common pesticides employed in olive grove, but the
procedure required a previous liquid–liquid extraction step in the

olive oil samples [7]. In other case, a multiresidue method was opti-
mized using a hexane/acetonitrile extraction with a cleanup step
by GPC [8] which was followed by gas chromatographic–tandem
mass spectrometric determination. A solid-phase microextraction
(SPME) approach was also carried out as a screening method

http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:qa1meobj@uco.es
dx.doi.org/10.1016/j.chroma.2009.02.060


atogr

f
o
p
e
a
a

e
p
o
t
u
L
a
r
r
o
e

t
(
a
f
i
a
f
g
p
d
s
n
m

2

2

a
a
G
(
s
h
h
S
w
o

c
t
v
o
(

9
9
d
5
N
r

2

g

S. López-Feria et al. / J. Chrom

or organophosphorus insecticides and their metabolites in olive
il samples, polydimethylsiloxane (100 �m) being the fiber that
rovided the best results [9]. More recently, a supercritical fluid
xtraction has been developed as an on-line cleanup technique
lternative to liquid chromatography for confirmation of paraquat
nd diquat pesticides in olive oil samples [10].

Concerning SPE methods, multicolumn systems based on differ-
nt sorption processes have been greatly employed for the cleanup
rocedure previous to the determination of organophosphorus and
rganochlorine pesticides in virgin olive oil samples [11,12]. In addi-
ion, a multiresidue method based on three LLE procedures was
sed to study the efficiency of different cleanup systems, being
LE of the olive oil diluted in hexane with acetonitrile followed by
n ENVI-Carb SPE cleanup, the method which provided the best
esults for all target compounds [13]. The same research group has
ecently optimized the SPE method for pesticides determination in
lives and the processing factor in olive oil by comparison of several
xtraction systems [14].

In the search for reducing the complexity and length of mul-
iple cleanup pre-treatments, the usefulness of carbon nanotubes
CNTs) as SPE sorbent material is being studied in a wide variety of
pplication fields. The most promising results have been provided
or the preconcentration and determination of pesticide residues
n water samples [15–17]. The objective of this work is to evalu-
te the potential of CNTs for the extraction of selected pesticides
rom virgin olive oil samples in a single SPE step combined with
as chromatography–mass spectrometry (GC–MS). For this pur-
ose, factors affecting the SPE procedure have been optimized and
iscussed. The favorable features obtained in terms of precision,
ensibility and recovery demonstrated the applicability of carbon
anotubes for the analysis of fatty matrices prior to the gas chro-
atographic separation.

. Experimental

.1. Standards, reagents and samples

Pesticide analytical standards (viz. chlortoluron, diuron,
trazine, simazine, terbuthylazin-desethyl, dimetoathe, malathion
nd parathion) were purchased from Riedel-de Häen (Seelze,
ermany). Individual stock standards were prepared in acetone

acetonitrile for triazines) at a concentration of 5000 mg L−1 and
tored at 4 ◦C. HPLC-grade acetone, acetonitrile, ethyl acetate,
exane, methanol, nitric acid (60%), sulfuric acid (95–98%) and
ydrochloric acid (35%) were provided by Panreac (Barcelona,
pain). Individual and cumulative working standard solutions
ere prepared by appropriate dilution of the stocks in blank virgin

live oil samples.
A pesticide-free virgin olive oil from a Spanish supplier was

hosen for optimization tasks and spiked with increasing concen-
rations of standard solutions for calibration process. In order to
alidate the proposed method, three different extra virgin olive oils,
ne from ecologic farming, and two from common monovarietals
arbequina and picual) were analyzed.

Multi-walled carbon nanotubes (MWCNTs), with purity over
5%, and single-walled carbon nanotubes (SWCNTs) with purity of
0% were supplied by Sigma–Aldrich (Madrid, Spain). The outside
iameter, internal diameter and length ranged between 20–30 nm,
–10 nm, and 0.5–200 �m, respectively for MWCNTs. The SWC-
Ts outside diameter varied between 1 and 2 nm while the length

anged from 0.5 to 2 �m.
.2. Apparatus

The instrumental setup comprises an HP6890 gas chromato-
raph equipped with an HP5973 mass spectrometric detector
. A 1216 (2009) 7346–7350 7347

based on a quadrupole analyzer and a photomultiplier detector
(Agilent Technologies, Palo Alto, USA). Gas chromatographic sep-
aration was achieved on a SLB-5ms fused silica capillary column
(30 m × 0.25 mm I.D. and 0.25 �m of film thickness). Chromato-
graphic conditions were as follows: 225 ◦C, injection temperature;
split mode operation with a split ratio 1:10; column initial tem-
perature 60 ◦C (2 min), raised up to 280 ◦C at 10 ◦C/min (2 min).
A deactivated pre-column (1 m × 0.25 mm I.D.) of fused silica for
retention gap was inserted in the top of the analytical column.
Helium (5.0 grade purity, Air Liquide, Sevilla, Spain), regulated by a
digital pressure and flow controlled, was used as carrier gas (con-
stant flow 1.0 mL min−1). A solvent delay of 9 min was employed
in the optimized method. The temperatures of the mass spectrom-
eter source and quadrupole were maintained at 230 and 150 ◦C,
respectively. The detector operated in full scan mode between 40
and 500 �m and electron impact ionization was used for analyte
fragmentation with ionization energy of 70 eV. Total ion current
chromatograms were acquired and processed using G1701BA Stan-
dalone Data Analysis software (Agilent Technologies, Palo Alto,
USA) on a Pentium IV computer that also controlled the whole
system.

2.3. Carbon nanotubes cartridge preparation

Multi-walled carbon nanotubes and carboxylated single-walled
carbon nanotubes (10–50 mg) packed cartridges were prepared
using 3-mL empty PTFE SPE cartridges (Supelco, Madrid, Spain).
Polypropylene upper and lower frits were retained at each end of
the column to hold the carbon nanotubes packing in place.

Single-walled carbon nanotubes were carboxylated following a
previously optimized procedure [18]. Briefly, 100 mg of SWCNTs
were added into a glass beaker with 20 mL of H2SO4/HNO3 (3:1
v/v). The mixture was ultrasonicated (50 W, 60 Hz) for 90 min. After-
wards, it was highly diluted with water (2 L) and filtered through
0.45 �m cellulose acetate filter. The obtained residue was then
washed with water and treated with 25 mL of 1 M HCl. In this case,
the mixture was sonicated only for 45 min. Finally, carboxylated
derivates were filtered, washed and dried in air.

2.4. SPE procedure

An accurately weighted amount of 30 mg of c-SWCNTs were
packed in to a 3-mL SPE cartridge, firstly preconditioned with
acetone (2 mL) and then equilibrated with hexane (2 mL). Sub-
sequently, 3 mL of virgin olive oil:hexane sample solution (20:80
v/v) spiked with the pesticides at appropriate concentration lev-
els were passed through the cartridge for analytes retention on
the c-SWCNTs. After that, the cartridge was cleaned with hexane
(3 mL) for the removal of the matrix components before elution
with ethyl acetate (0.5 mL). The carbon nanotubes sorbent column
was washed by passing methanol (3 mL), after which the column
was ready for a new analysis. The whole of the procedure was car-
ried out at a flow rate of 1 mL min−1. Finally, the preconcentration
of the analytes was improved by means of a dryness step with a
gentle N2 flow and a further re-dissolution of the residue in 50 �L
of ethyl acetate.

2.5. Chromatographic procedure

For the optimized GC–MS approach, 2 �L of the organic extract
previously obtained by SPE procedure was directly injected into

the GC injector and transfer to the chromatographic column by
an helium stream (1.0 mL min−1). The separated analytes reached
the MS detector and were identified by their retention time. In
addition, the mass spectra were compared with those provided
by the corresponding standards analyzed using similar proce-
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Table 1
Analytical features of the one step SPE procedure for the eight selected pesticides.

Analyte tR (min) m/z Valuesa selected for
identification/quantification

Linear range (�g L−1) LOD (�g L−1) LOQ (�g L−1) R2 RSD (%) (n = 8)

Chlortoluron 10.77 72, 132, 212 6–2000 1.8 6.0 0.991 8.7
Diuron 11.49 72, 187, 232 8–2000 2.4 8.0 0.981 7.5
Terbuthylazin-desethyl 16.17 173, 214, 229 5–2000 1.5 5.0 0.995 8.8
Dimetoathe 16.73 87, 93, 229 5–2000 1.5 5.0 0.994 3.4
Simazine 16.89 44, 186, 201 8–2000 2.4 8.0 0.987 5.6
Atrazine 16.97 58, 200, 215 7–2000 2.1 7.0 0.988 3.6
Malathion 19.09 125, 173, 330 10–2000 3.0 10.0 0.985 5.8
P 2000 3.0 10.0 0.988 6.0

t standard deviation. Average olive oil density 0.913 kg L−1.
e, respectively. Quantification values are presented as underlined.
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acetate were the organic solvents evaluated. The two last men-
tioned offered higher analytical signal, being ethyl acetate slightly
better and, therefore, the eluent chosen for the elution of the
retained pesticides. Furthermore, the volume passed through the
arathion 19.40 97, 291 10–

R, retention time; LOD, limit of detection; LOQ, limit of quantification; RSD, relative
a m/z Values for base peak and molecular peak are indicated in bold and italic typ

ure. For quantification purposes, the peak areas calculated from
he total ion current chromatogram were employed. In the case
f malathion and parathion, m/z 173 and 97 were used respec-
ively in order to improve the selectivity. Table 1 shows the
arget extracted m/z corresponding to the ions of each chemical
ompound used for identification/quantification of the pesticides
tudied.

. Results and discussion

Solid-phase extraction is a widely accepted extraction/cleanup
echnique for the determination of a variety of compounds in liq-
id samples. It presents very favorable features such as the use of
maller volumes of samples and organic solvents, cleaner extracts,
nd greater recoveries and preconcentration factors, among others.
wide variety of sorbents are available for this procedure, whose

hoice depends on the target analytes, sample matrix or potential
nterferences. In this work, the feasibility of carbon nanotubes as
PE sorbent material for the determination of pesticides in virgin
live oils by a one step procedure is evaluated.

.1. Optimization of the SPE procedure

In order to achieve an adequate extraction performance by car-
on nanotubes as sorbent for SPE, the optimization of several
arameters was needed, including the kind of sorbent employed,
mount packed into the cartridge, sample volume and dilution
if required), type and volume of eluent, and evaporation–re-
issolution step for sensitivity improvement.

Regarding the type of sorbent, the capability of multi-walled and
ingle-walled carbon nanotubes was evaluated. In principle, and
aking into account the existence of concentric layers of graphene,

WCNTs offer better sorption capabilities than SWCNTs. Notwith-
tanding this, the presence of different moieties on the nanotubes,
uch as a COOH group, can modify the interactions analyte-sorbent.
or this aim, the MWCNTs sorbent capability was compared with
hat provided by carboxylated single-walled carbon nanotubes (c-
WCNTs). Fig. 1 compares the results obtained after passing 2 mL of
diluted virgin olive oil (40% v/v in hexane) spiked with the pesti-

ides at a concentration of 1 �g mL−1. As it can be seen, the sorbent
apacity of c-SWCNTs was markedly better than that of MWCNTs for
ll the analytes, which can be ascribed to the additional interaction
rovided by the carboxylic moiety present in the c-SWCNTs. Next,
he influence of the sorbent amount (between 10 and 50 mg) on the
nalytical signal was evaluated. As can be seen in Fig. 2, the peak
rea for all analytes increased when increasing the amount of sor-

ent up to 30 mg with a slight decrease over this value probably as
esult of a non-quantitative elution of retained analytes. Therefore,
0 mg was selected as optimum.

The analytical methods described for the determination of pes-
icides in olive oils by SPE usually require the dilution of the fatty
Fig. 1. Comparison of the performance of c-SWCNTs and MWCNTs for the isolation
of the selected pesticides from virgin olive oil samples.

sample in a proper solvent in order to decrease the viscosity of
the liquid and favor the analyte–sorbent interactions. In this case,
hexane was selected among other organic solvents (viz. acetoni-
trile, methanol, ethyl acetate and dichloromethane). With the aim of
determining the optimum percentage of olive oil, different mixtures
in hexane were prepared and spiked with the target compounds at
a concentration of 1 �g mL−1. Percentages of virgin olive oil higher
than 20% made the retention of the analytes on the c-SWCNTs dif-
ficult and therefore, it was fixed to study the sample volume that
can be passed through the cartridge. Up to 5 mL of diluted olive oil
can be preconcentrated without analyte losses. For operating rea-
sons, 3 mL of 20% virgin olive oil in hexane were adopted for further
optimization experiments.

Concerning the eluent choice, methanol, acetonitrile and ethyl
Fig. 2. Influence of the amount of c-SWCNTs packed in the SPE cartridge for the
preconcentration of the selected pesticides from virgin olive oil samples.
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Table 2
Pesticides concentration found (mean ± SD, n = 3) after the analysis of spiked and commercial extra virgin olive oil samples.

Pesticide MRL (mg kg−1) Spiked samples Commercial samples

100 �g L−1 20 �g L−1 Arbequina Picual Ecologic

Chlortoluron 0.05 101 ± 10 21 ± 2 − − −
Diuron 0.20 79 ± 9 16 ± 2 + − −
Terbuthylazin-desethyl 0.05 105 ± 4 18 ± 1 − − −
Dimetoathe 2.00 97 ± 9 18 ± 2 − − −
Simazine 0.10 99 ± 9 18 ± 2 − + −
Atrazine 0.05 98 ± 7 20 ± 1 − − −
Malathion 3.00 99 ± 10 20 ± 2 + + −
P

M ut no
A

c
a
0
e
i

F
a

arathion 0.05 98 ± 5

RL, maximum residue limit; SD, standard deviation; −, not detected; +, detected b
verage olive oil density 0.913 kg L−1.

artridge for the preconcentration step was assayed between 0.2

nd 2 mL. The lowest volume required for quantitative elution was
.5 mL. In order to increase the sensitivity, the ethyl acetate was
vaporated under a nitrogen stream and the residue re-dissolved
n 50 �L of the same organic solvent.

ig. 3. Typical chromatogram obtained after the analysis of a virgin olive oil sample by th
nalytes at a concentration of 20 �g L−1. 1, chlortoluron; 2, diuron; 3, terbuthylazin-deset
21 ± 2 − − −
t quantified.

3.2. Analytical performance of the method
Once the experimental conditions were optimized, the analyt-
ical performance of the proposed method was studied in order to
evaluate its usefulness for quantitative determination of the eight

e proposed method. (a) Blank virgin olive oil and (b) virgin olive oil spiked with the
hyl; 4, dimetoathe; 5, simazine; 6, atrazine; 7, malathion; 8, parathion.
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[16] S. Wang, P. Zhao, M. Guang, F. Guozhen, J. Chromatogr. A 1165 (2007) 166.
350 S. López-Feria et al. / J. Chrom

esticides in virgin olive oil samples. For this purpose, a refined
live oil (blank) spiked with increasing concentrations of the ana-

ytes, ranging from 5 to 2000 �g L−1 was diluted in hexane (20%,
/v) and 3 mL were preconcentrated to obtain analytical features
viz. reproducibility, limits of detection (LODs), limits of quantifi-
ation (LOQs), linear ranges and recoveries percentages) which are
ompiled in Table 1. The samples were analyzed in quintuplicate
y the optimized method and calibration curves were generated by
lotting peak areas obtained for ten standards versus analyte con-
entrations for each assayed pesticide. In all cases, the linearity was
ept within the concentration range evaluated and the regression
oefficients (R2) were always higher than 0.98.

The LOD for the eight pesticides were calculated as the con-
entration providing a peak area three times higher than the noise
S/N = 3) and they were in the range of 1.5–3 �g L−1 (see Table 1).
omparing with two different methodologies recently found in the
ibliography, which have been applied to the determination of pes-
icide residues in olive oil samples [19,20], the proposed technique
upposes a simplification of the method as it reduces the SPE steps
rom 2 and 4 to a single one. In addition, the optimized procedure
roposed in this article provides LODs, for the same analytes, bet-
er than those provided for the previous compared methodologies.
hese data, together with the LOQs achieved demonstrate the high
ensibility of the method for the detection and quantification of
he selected more common pesticides in virgin olive oils, being
ppreciably below the maximum residues levels (MRLs) allowed
y the Regulation even for ecologic farming (see Table 2). The pre-
ision of the method was evaluated through a repeatability study.
or this purpose, eight aliquots of virgin olive oil spiked with the
arget compounds at a concentration of 100 �g L−1 were analyzed
ollowing the optimized process. Relative standard deviation (RSD)

as employed to express the repeatability of the method and the
esults are listed in Table 1, where it can be seen that the RSD was
ower than 9% for all the studied analytes. Again, the values of our

ethod are better than those reported in the literature for the same
ompounds [19,20].

Finally, recovery studies were carried out with a virgin olive
il spiked with the pesticides at two concentration levels, 20 and
00 �g L−1. Spiked samples were extracted and analyzed in trip-
icate by the optimized procedure. As it can be seen in Table 2,
esticide recoveries ranged between 79 and 105% for the two con-
entration levels assayed.

.3. Analysis of commercial virgin olive oil samples

In order to demonstrate the applicability of the c-SWCNTs as
PE sorbent for the determination of pesticides in virgin olive oil
atrices, the proposed procedure was applied to three different

uality virgin olive oils; two monovarietal extra virgin olive oils
viz. Arbequina and Picual) and one extra virgin olive oil coming
rom ecological agriculture. As it is shown in Table 2, none of the
ight pesticides studied were detected in the ecological extra virgin
live oil, whereas, in the case of monovarietal extra virgin olive oils,
oth samples resulted to be positive for the presence of two pesti-

ides, respectively. For Arbequina extra virgin olive oil, diuron was
ound, probably coming from residual application. Simazine was
he pesticide detected after the analysis of Picual extra virgin olive
il. In addition, malathion residues were detected in both cases. All
ompounds were found between LOD and LOQ concentration lev-

[
[
[

r. A 1216 (2009) 7346–7350

els and hence, below the MRLs allowed by the Regulation. Finally,
the chromatograms of a pesticides-free extra virgin olive oil (a) and
fortified with the analytes at a concentration of 20 �g L−1 (b) are
shown in Fig. 3.

4. Conclusions

The development of sample-treatment methodologies for the
determination of pesticide residues in matrices with high fat con-
tent (such as olives and olive oil) is a demanding task, since even
small amounts of co-extracted fat can irreversibly damage the chro-
matographic column. In addition, there is a clear trend towards
the development of miniaturized sample-handling methodologies
that consume small amounts of sample and organic solvent vol-
umes. In the present work, a rapid one step methodology for the
quantitative extraction of multiclass pesticide residues from virgin
olive oils has been reported. c-SWCNTs have shown a great poten-
tial as sorbent for the SPE procedure. The 30 mg packed cartridge
can be reused for at least 100 samples without losing retention
capacity. In light of good linearity, reproducibility and low detec-
tion limits obtained by the proposed method, it can be proposed as
a feasible low time-consuming sample-treatment approach prior
to the gas chromatographic–mass spectrometric determination of
multiresidues pesticides in virgin olive oil samples from different
sources.
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19] E. Fuentes, M.E. Báez, A. Quiñones, J. Chromatogr. A 1207 (2008) 38.
20] E.G. Amvrazi, T.A. Albanis, Food Chem. 113 (2009) 253.


	One step carbon nanotubes-based solid-phase extraction for the gas chromatographic-mass spectrometric multiclass pesticide control in virgin olive oils
	Introduction
	Experimental
	Standards, reagents and samples
	Apparatus
	Carbon nanotubes cartridge preparation
	SPE procedure
	Chromatographic procedure

	Results and discussion
	Optimization of the SPE procedure
	Analytical performance of the method
	Analysis of commercial virgin olive oil samples

	Conclusions
	Acknowledgements
	References


