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Abstract

Residues of metobromuron, monolinuron and linuron herbicides and their aniline homologous were analyzed in carrots, onions and potatoes
by solid-phase microextraction (SPME) performed with a polyacrylate fiber. A juice was obtained from food samples that were further diluted,
and an aliquot was extracted after sodium chloride (14%) addition and pH control. At pH 4 only the phenylureas were extracted. A new extraction
at pH 11 allowed the extraction of phenylureas plus homologous aniline metabolites. Determination was carried out by gas chromatography
with nitrogen—phosporus detection (NPD) the identity of the determined compounds was studied by gas chromatography—mass spectrometry.
Limits of quantification (LOQs) obtained with NPD and MS (selected-ion monitoring) were ip.tfileg order allowing determination of
maximum residue levels (MRLs) established in the Spanish regulations. MRLs ranged from 0.02 to 0.1 mg/kg depending on the kind of food
and herbicide. Under the proposed conditions matrix effects were low enough to permit calibration with samples proceeding from ecological
(non-pesticide treated) crops. Twelve commercial samples of each carrots, onions and potatoes were analyzed and only three samples of
potatoes contained residues of linuron at levels below MRLs.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction columns[9]. The use of a large volume injection followed
by LC-MS-MS allows reaching very good sensitivities with

Phenylureas are an important group of herbicides utilized easy sample preparation that avoids the cleanup processes
in weed control. Phenylurea residues appear in the foods[10]. Solid-phase microextraction (SPME) is very useful for
where they are appliefl—3], such residues are commonly  determining pesticide residues from water samf8% Di-
determined by LC with UV[4-7], diode array[8,9] and rect SPME is limited to liquid aqueous matrices, only begin-
mass spectrometry detectors. Atmospheric pressure ionizaning studies to use it in non-polar matrixes have been done
tion (API) with electrospray ionization (ES|$,10-12]and [14]. Although the fiber cannot be submerged in a solid,
atmospheric pressure chemical ionization (AF@])are the  some applications of SPME to analyze pesticide residues in
most popular interfacing techniques allowing the sensitive solid matrices have been reported. The problem of the solid
determination of intact phenylurea herbicides. Most meth- state of the sample has been resolved by using headspace
ods for determination of phenylurea herbicides from foods (HS)-SPME[15,16]or by obtaining an aqueous extract from
based on LC techniques require cleanup processes either byhe samplé17-25] Direct SPME has been applied to deter-
using gel permeation chromatography and Florisil cartridges mine pesticide residues in liquid foods as wiié,26-28]
[5], strong anion-exchange cartridges and immunoaffinity and juice fruit[16,18,27]and, HS-SPME has been used in
columns|7], or a combination of gel filtration chromatogra- wines[29,30] It has been reported that complex matrices
phy, strong anion-exchange cartridges and immunoaffinity such as soi[31], vegetable$22], fruits [17,18] and honey

[19,21]can cause interferences in SPME. The use of deuter-
* Corresponding author. Telt34 963544958, fax:+34 963544954, ated surrogates or internal standard calibration may correct
E-mail address: j.c.molto@uv.es (J.C. Mdad). such matrix effects.
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Direct SPME with a polyacrylate (PA) fiber has been used The fiber was previously conditioned in the injector port by
to extract phenyl- and sulfonylurea herbicides from water heating it at 300C for 2 h, after that a stable baseline was
[32]. Phenylureas are thermolabile and SPME is usually per- obtained.
formed with automated instruments that are coupled with  Ninety-eight percent sodium chloride, 98% sodium hy-
a gas chromatograph working at high temperatures. Underdrogentartrate, and 99.5% sodium carbonate were purchased
controlled conditions phenylureas can be determined from from Aldrich (Milwaukee, WI, USA).
waters by SPME-GC in form of their respective derived ani-  Methanol (Suprasolv quality) was provided by Merck
lines [32]. The gas chromatographic behaviour of the urea (Darmstadt, Germany). Ultra-pure water was obtained from
herbicides has been recently studjg@-35] the use of high a Milli-Q purification system (Millipore, Milford, MA,
temperatures at the injector port facilitates the degradation USA).
of the herbicide in a derived product, which depends on the
solvent used for injectiof36]. 2.2. Sandards

In the environment, the main metabolites of phenylurea
herbicides are anilines. Anilines and other compounds have The herbicides buturon, diuron, linuron, metobromuron,
been analyzed from soil using a PA fiber by HS-SPAE] monolinuron, monuron and neburon were purchased from
and from water by direct SPME7]. Riedel-de Haen (Seelze, Germany) with purity up to 99%.

The Spanish legislation establishes maximum residue lev-4-Bromoaniline, 4-chloroaniline and 3,4-dichloroaniline
els (MRLs) in foodq38] considering like residues the sum were purchased from Aldrich with purity up to 97%.
of all commercial phenylurea whose chemical structures are  Stock solutions (100Qg/l) of each phenylurea herbicide
close giving the same aniline metabolites. Results must bewere prepared separately in methanol. These stock solutions
expressed as the homologous aniline. For example, residuesvere stored at 4C and diluted daily with ultra-pure wa-
of linuron are the sum of diuron and linuron, expressed as ter to prepare 10Qg/l intermediate solutions. Appropriate
3,4-dichloroaniline. aliquots of intermediate solutions were used for spiking food

Metobromuron, monolinuron and linuron are utilized in samples. Methanol contained in such spiked samples was
carrot Daucus carota), onion @llium cepa) and potato always below 0.1%.

(Solanum tuberosum) crops and their MRL fixed in Spain

for these foods ranged from 0.02 to 0.2mg/kg. Monolin- 2.3. Apparatus and conditions

uron and linuron have been included in the black list of

the Council Directive 76/464/EU as dangerous substances Two gas chromatographs were used, the first was a Var-
for aquatic environmenf39]. Metobromuron and linuron  ian 3400 CX equipped with a nitrogen—phosphorous detec-
have been considered herbicides of potential concern in thetion (NPD) system working at 3.2 A intensity with hydrogen
Mediterranean region. at 4 ml/min, air at 175 ml/min and nitrogen at 30 ml/min, a

We studied here the use of SPME coupled to GC for septum programmable injector (SPI), a Varian 8200 CX au-
analyzing residues of phenylurea herbicides from vegeta-tosampler with an SPME agitation accessory and a Varian
bles seeing as no research in this field has been reportedstar 4.51 software to control the parameters. The SPME agi-
to date. In this way several advantages are attained; SPMEation accessory provides continuous contact of the fiber with
allows rapid determination of the residues in such complex fresh sample juice by vibrating the fiber protective sheath in
matrices without additional purification steps and couples the water solution without increasing temperature. A BP10
to GC determination without further handling. In addition, (30 mx0.25mmx 0.25um 14% cyanopropylpheny 86%

GC conditions degrade and detect phenylurea herbicidesdimethylpolysiloxane) column produced by Scientific Glass

in form of their corresponding anilines that is the way Engineering, SGE (Austin, TX, USA) was used with helium

in which Spanish Legislation expresses results of MRLs. as the carrier gas at 1.5 ml/min. SPI and NPD system were

Since vegetables are foods with high water content, it is kept at 300C. The oven temperature was programmed as

easy to obtain an agueous extract (juice) from vegetablesfollows; the initial temperature (10@) was increased by

with a home juice extractor, in which the SPME fiber can 10°C/min to 240°C and held for 15 min. The total GC run

be directly submerged, avoiding in this way the use of time was 29 min.

solvents. The second gas chromatograph was a Fisons 8000 series
coupled with a Trio 1000 Quadrupole mass spectrometer
(Fisons, Milan, Italy). The transfer line and source tempera-

2. Experimental tures were 250 and 20C, respectively. The mass spectrom-
eter worked in electron impact mode 70 eV) by scanning
2.1. Materials from 50 to 450 amu for obtaining full spectra of the detected

compounds or by selected-ion monitoring (SIM) for quanti-

A PA fiber with a thickness film of 8am (Supelco, fying purposes. The spectra were handled with a LAB-BASE
Bellefonte, CA, USA) was used with a SPME holder for data station with NBS, Wiley 6 and US National Institute
an 8200 CX autosampler (Varian, Palo Alto, CA, USA). of Standards and Technology (NIST) spectral libraries. The



H. Berrada et al./J. Chromatogr. A 1042 (2004) 9-14 11

rest of the chromatographic conditions reproduced those of (pK 2.97), 4-bromoaniline { 4.72) and 4-chloroaniline

the Varian 3400 CX. (pK 3.98). At pH 4 the ionic molecules of the anilines pre-
dominate largely over the non-ionic ones, thus at pH 4 only
2.4. Sample preparation extraction of phenylureas was produced. At pH 11, the pro-

portion between non-ionic and ionic molecules of anilines
Two kilograms of fresh vegetable (carrots, potatoes, and was sufficient to allow aniline extraction thus, at such pH
onions) was cut into small pieces and an aliquot of 50.0 g both anilines and phenylureas were extracted.
was processed. A liquefied juice was obtained by introduc-  Anilines can be found in foods proceeding from pheny-
ing the sample in a home juice extractor. The aqueous ex-lurea herbicides but also from industrial activities. A double
tract (ca. 39—44 ml) was made up to 50 ml with ultra-pure analysis of the sample performed at pH 4 and at pH 11 al-
water. An aliquot of 5ml was added with solid NaCl, and lows know separately the amount of phenylurea herbicides
with solid sodium hydrogentartrate or with sodium carbon- and the aniline residues in food.
ate, and was diluted to 25 ml with water. The final agueous = SPME must be performed from aqueous solutions. Water
extract contained 14% (w/v) NaCl and pH 4 (for phenylurea contained in carrots, onions and potatoes is about 88.2, 88
determination) or 14% (w/v) NaCl and pH 11 (for phenyl- and 77.8%, respectively; this fact allows obtaining a juice
urea plus aniline metabolite determination). by liquefying easily the samples discarding the pulp in order
To obtain fortified samples, ecological samples of vegeta- to obtain an aqueous solution available to perform SPME.
bles (non-pesticide treated) without pesticides were cut andHowever, the presence of endogenous substances and solid
then spiked with known amounts of standards of phenylurea particles affects the equilibrium fiber/water and the integrity
herbicides and/or anilines before the juice was obtained. of the fiber. It was observed that if the primary sample juice
is directly extracted without further dilution, recoveries were
2.5. Analytical procedure 40-70% lower than with proposed method and the fiber
deteriorates quickly. Dilution of the primary sample juice
Autosampler vials (2 ml) were filled with 2 ml of the fi- improved extraction and protected the PA fiber from deterio-
nal aqueous extracts containing the appropriate buffer andration but at the same time reduced sensitivity. A dilution of
14% (w/v) sodium chloride and sealed with hole caps with 1/5 was sufficient to reduce matrix interference and to reach
PTFE-faced silicone septa (Supelco). The fiber was im- enough sensitivity. Dilution was also chosen by other au-
mersed in the sample for 60 min under needle agitation atthors who extracted aqueous matrices with suspended matter
room temperature (22 2°C). After extraction the fiber was  such as fruit§17,18], vegetabld22] and honey[19,21]
directly exposed to the hot injector port for subsequent anal-
ysis, and at this time the oven program was started. Thermal3.2. Identity of the determined compounds
desorption of herbicides was held for 5min. Experiences
were performed in quadruplicate. A run with ultra-pure wa- ~ Phenylureas that were analyzed by SPME-GC were ac-
ter was carried out after spiked food sample analysis to en-tually detected as the corresponding analogous anilines.
sure the absence of memory effects. The high temperature facilitated the degradation that oc-
curred in the injector. Consequently, phenylurea herbicides
with close structures giving the same derivative aniline

3. Results and discussion cannot be distinguished. This analytical trouble is an ad-
vantage when analyzing samples for MRLs because the
3.1. SPME Spanish legislation indicates that linuron residue is the sum

of diuron and linuron expressed as 3,4-dichloroaniline. The
Some factors affecting SPME of phenylureas from water two commercial herbicides have analogous structures and
and soil have been already studied. The use of a PA fiberwere detected in form of 3,4-dichloroaniline in SPME-GC
produces best extraction efficiency for phenylurgs®§ and analysis. Neburon that has an analogous structure also gen-
anilines[31] than polydimethylsiloxane. Equilibrium times erates 3,4-dichloroaniline. Similarly the residue of mono-
for PA are typically near 90—-120 min, but 60 min is usually linuron is the sum of buturon, monolinuron and monuron
enough for most analytical purposes. A large desorption expressed as 4-chloroaniline, those herbicides generated
time (5min) and a high injector temperature (3@) re- 4-chloroaniline in SPME—-GC. Metobromuron is determined
duces memory effects, such effects were not observed fol-as 4-bromoaniline in SPME-GC. The identity of the de-
lowing the proposed procedure. Salting out effect is positive termined compounds was known by inserting the PA fiber
for improving extraction of urea herbicides except linuron immediately after extraction in the injector of the Fisons gas
that remains practically unalter¢®2]. The pH of the sam-  chromatograph with mass spectrometric detector to obtain
ple extract affects the extraction of anilines that are basic the full mass spectra. Our interest is focussed on phenylurea
compounds but not those of the phenylureas that are neutraherbicides currently applied on carrots, onions and potatoes
substances. For example the main metabolites of linuron,that are linuron, monolinuron and metobromuron. The rest
metobromuron and monolinuron are 3,4-dichloroaniline of herbicides (diuron, monuron and neburon) are not applied
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Table 1
Percent recoveries and relative standard deviations (in parenthesig) 0.0300-]
for SPME-NPD of the selected herbicides (pt) 4nd anilines (pH 1't) mV
from samples fortified at 0.020 mg/kg level
Compound Carrots Onions Potatoes
Metobromurori 88 (4) 89 (5) 83 (8) 0.0200-1
Monolinurori 92 (5) 90 (4) 76 (5)
Linuron 90 (4) 87 (4) 79 (6) 2
4-Bromoaniliné* 87 (6) 89 (5) 82 (7)
4-Chloroaniliné* 94 (5) 95 (3) 81 (6) |
3,4-Dichloroaniling* 95 (5) 89 (6) 85 (8)
0.0100+ 3
on selected crops and buturon is not used in Spain, thus the
three last herbicides were excluded of validation assays. LL\’J "
On the other hand, 4-bromoaniline, 4-chloroaniline and

(b)
3,4-dichloroaniline that were extracted at pH 11 do not de- ~ 0-0000-

grade during injection into the GC system being determined
as intact compounds as observed by mass spectrometry. 091007

3.3. \alidation of the analytical method LW
Samples of carrots, onions and potatoes proceeding from ) ot
(@

crops in which synthetic products were not applied were 4500+ T

taken for studying analytical parameters.
SPME is not an exhaustive process, it is based in equilib-

rium between fiber and water governed by kg, constant. 1o 30 50 70 90 110 130 150

Under similar conditions (pH 4, 14%, w/v, NaCl) pheny- Time (min)

lureas showed appareH, corresponding to moderate to

low affinities to the PA fibef32]. For this reason, the same Fig- 1. GC-NPD chromatograms corresponding to the SPME of a
pesticide-free carrot sample non-spiked (a), and spiked (b). Peak iden-

extractive conditions from ultra-pure water (pH 4, 14%, tification: monolinuron (3@wg/kg), 2: metobromuron (5@g/kg) and 3:
w/v, NaCl) were taken as reference (100% of recovery) to jinuron (10ug/kg).
evaluate extraction from diluted juice extracts, being the
guantification based on the peak areas. Hence, samples of
selected matrixes were fortified with the selected herbicides six levels (2.5, 25, 100, 250, 1000 and 2%aflkg). As
at three levels and analyzed. Parallel analyses at the sameseen inTable 2 the coefficients of correlation were better
levels of the herbicides and conditions were accomplishedthan 0.995 for the herbicides and better than 0.996 for the
with ultra-pure water (pH 4, 14%, w/v, NacCl). Results of anilines.
these assays performed with selected herbicides and with Limits of quantification (LOQs) (S/N= 10) were eval-
selected anilines at the 0.02 mg/kg spiking level are shown uated for each herbicide and aniline with NPD and MS
in Table 1 the results obtained at 0.25 and 1.25mg/kg (SIM), results are shown iffable 2 The nV/z ions mon-
spiking levels were of the same order. itorized were 161 and 163 to determine linuron residues
Recoveries (at pH 4) were greater than 76% for se- as 3,4-dichloroaniline, 171 and 173 for metobromuron
lected phenylureas and (at pH 11) greater than 79% for as 4-bromoaniline and 127 and 129 for monolinuron as
the corresponding anilines. Recoveries of anilines at pH 4 4-chloroaniline. The SIM program included the molecular
were below 4%. Recoveries for monolinuron, linuron and mass of anilines that were also the base pefigs.2 shows
4-chloroaniline from potatoes were slightly lower than those the mass chromatograms corresponding to the analysis of a
obtained from onions, carrots and carrots and onions, re-carrot sample spiked with the herbicides at very low levels.
spectively. The R.S.D.s observed at any of the three levels of LOQs reached with NPD were good enough to determine
spike studiedr{ = 4) were lower than 10% for the selected residues at the MRLTable 3. The injector of the Fisons
herbicides at lower than 9% for anilines. Chromatograms gas chromatograph is not specially designed to be used
corresponding to the SPME of an ecological carrot sample with SPME fibers but LOQs obtained with MS (SIM) were
non-spiked (a) and spiked (b) with the selected herbicides better than those obtained with NPD.
are shown irFFig. 1. Some non-identified peaks were present  Other authors that determined phenylurea herbicides in
but they did not interfere in herbicide determination. carrots and potatoes by performing extraction with solvents,
Linearity was studied with NPD by analyzing fortified followed by cleanup processes and LC-UV determination
samples of carrots, onions and potatoes in quadruplicate af5,7] reached LOQs of the 0.002—0.01 mg/kg order. Direct
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Table 2
Limits of quantification (LOQ, S/N= 10p.g/kg), coefficients of regressiom?j and maximum residue levels from Spanish regulation (MRL, ng/kg)
Compound Carrots Onions Potatoes

LOQ MRL  r% LOQ MRL  r% LOQ MRL  r%

NPD MS (SIM) NPD MS (SIM) NPD MS (SIM)
Metobromuron 16 0.5 20 0.995 15 0.5 20 0.997 1.7 0.5 100 0.995
Monolinuron 1.9 0.6 50 0.999 19 0.6 50 0.998 2.2 0.7 50 0.997
Linuron 0.8 0.1 100 0.998 0.8 0.1 100 0.998 0.9 0.1 100 0.998
4-Bromoaniline 1.3 0.4 - 0.997 1.3 0.4 - 0.997 1.3 0.4 - 0.996
4-Chloroaniline 14 0.6 - 0.998 14 0.6 - 0.999 1.6 0.6 - 0.998
3,4-Dichloroaniline 0.8 0.1 - 0.999 0.8 0.1 - 0.999 0.9 0.1 - 0.999

MRL of monolinuron is the sum of buturon, monolinuron and monuron expressed as 4-chloroaniline
MRL of linuron is the sum of diuron and linuron expressed as 3,4-dichloroaniline
* 2.5, 25, 100, 250, 1000 and 25@0/kg, n = 4 for each point; obtained with NPD.

analysis of phenylurea herbicides has been reported from3.4. Analysis of commercial samples

1/10 diluted wine samples by in-tube SPME coupled to

LC—-ESI-MS obtaining LODs of 0.03-0.32 ng/fil1]. The Twelve commercial samples (2 kg) of each carrots, onions
use of the more specific MS—-MS detector coupled to LC and potatoes were acquired from different markets of the
permits to reach LODs of 0.54i5/kg by injecting a large ~ Comunitat Valenciana (Spain). No herbicide residue was
volume of sample vegetable extract without any cleanup stepdetected by SPME (NPD) at pH 4 in samples of carrots and
[10]. onions. Residues of linuron expressed as 3,4-dichloroaniline

were found by SPME (NPD) at pH 4 in three samples of

— 8.853
100 m/z 163+165

0.0100

%
mV 3
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" 9%000 l )\/
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Fig. 2. Mass chromatograms corresponding to the SPME of a carrot Time (min)
sample spiked with 0.@g/kg of monolinuron vz 127 + 129), 0.3u.g/kg
of metobromuron rfyz 171 + 173) and 0.1.g/kg of linuron fwz 163 Fig. 3. SPME (NPD) analysis of a commercial potato sample containing

+ 165). 5wg/kg of linuron (a) and a pesticide-free potato sample (b).
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potato at 5,9 and Ag/kg levels (below |\/|R|_5), calculation [3] H. Berrada, G. Font, J.C. Molté, in: L.M.L. Nollet (Ed.), Handbook
is based on peak area obtained from the diluted juices and _ ©f Food Analysis, Marcel Dekker, New York, 2004, p. 1065.

the calibration curves for linuron. Such quantified residues E:h;f;;irfiﬂé% (Dz'{)k(;g?g’gR'A' Baumann, E.A. Hogendoom, J.
did not proceed from aniline metabolites because new ex- (5 o Sanning,j_ AOAC Int. 81 (i998) 1048.

tractions of these samples at pH 11 quantified the same levels [6] L.E. Sojo, D.S. Gamble, D.W. Gutzman, J. Agric. Food Chem. 45
of linuron. Since diuron and neburon that could generate the  (1997) 3634.

same aniline are not applied on potato crops the quantified [71J-F. Lawrence, C. Ménard, M.-C. Hennion, V. Pichon, F. Le Goffic,
reSid,ueS §hou|d be, aS_Signed t(? Iinuron..T.he ”nea_r _equation [8] Il;‘ ?eueiﬁr?gty, JH.Cg;ct))métlcf)?r.s:ujirzd,(}Eégg)er?iz.‘]. Chromatogr. A 879
obtained in the validation studies by spiking pesticide-free (2000) 51.

potatoes with linuron was used for quantifying linuron [9] S. Herrera, A. Maiin-Esteban, P. Fernandez, D. Stevenson, C. Ca-
residues in commercial samples of potatoes. Results were  mara, Fresenius J. Anal. Chem. 362 (1998) 547.

qualitatively confirmed in such samples by MS (SIM). NPD [10] A.C. Hogenboom, M.P. Hofman, S.J. Kok, W.M.A. Niessen, U.A.Th.

. . . Brinkman, J. Chromatogr. A 892 (2000) 379.
profiles corresponding to the analysis of samples of potatoes[ll] J. Wu, Ch. Tragas, H. Lord, J. Pawliszyn, J. Chromatogr. A 976

No. 4 (c) and potatoes pesticide-free (d) are showFign 3. (2002) 357.
Similar levels of residues of linuron {8y/kg) from carrots [12] W.M. Draper, J. Agric. Food Chem. 49 (2001) 2746.
have been reported by other authfi8]. [13] J. Beltran, F.J. Lépez, F. Hernandez, J. Chromatogr. A 885 (2000)
389.

[14] T. Gorecki, P. Martos, J. Pawliszyn, Anal. Chem. 70 (1998) 19.
[15] W.F. Ng, M.J.K. Teo, H.A. Lakso, Fresenius J. Anal. Chem. 363
(1999) 673.
. . [16] D.A. Lambropoulou, T.A. Albanis, J. Agric. Food Chem. 50 (2002)
SPME coupled to a GC with NPD or MS detection al- 3350.
lows determination of phenylurea herbicide residues from [17] R. Hu, B. Hennion, L. Urruty, M. Montury, Food Addit. Contain.
carrots, onions and potatoes according to Spanish regulation 16 (1999) 111.

n MRL xigencies. A iui m in from th [18] A.L. Simplicio, L.V. Boas, J. Chromatogr. A 833 (1999) 35.
0 S exigencies juice must be obtained from the M. Volante, M. Cattaneo, M. Bianchi, G. Zoccola, J. Environ. Sci.

vegetable, diluted, added with sodium chloride and buffered. [19] Health B 33 (1998) 279.

Such sample preparation is easy, economic, and solvent freepo] w. chen, K.-F. Poon, M.H.W. Lam, Environ. Sci. Technol. 32 (1998)
Once the sample is prepared the extraction and determina-  3816.
tion can be performed automatically. Environmental contam- [21] J.J. Jiménez, J.L. Bernal, M.J. del Nozal, M.T. MiarA.L. Mayorga,

ination of v le sampl nilines of industrial origin ___J: Chromatogr. A 829 (1998) 269.

atg 3 t.eget.a?]edséﬂ pei by? ehS Ob' .SUSI "’?do 9 b [22] M. Volante, M. Pontello, L. Valoti, M. Cattaneo, M. Bianchi, L.
can be distinguished from phenylurea herbicide residues by “™ ;201 pest Manage. Sci. 56 (2000) 618.
performing two SPMEs, at pH 4 only phenylureas are deter- (23] L. wennrich, P. Popp, J. Breuste, Chromatographia 53 (2001) S380.

mined and at pH 11 phenylureas plus anilines are quantified.[24] C. Falqui-Cao, Z. Wang, L. Urruty, J.J. Pommier, M. Montury, J.
Very low levels of linuron were found in three of the Agric. Food Chem. 49 (2001) 5092.

twelve commercial samples of potatoes. Obtaining a juice [22 Y:-I- Chen, Y=-S. Su, J.-F. Jen, J. Chromatogr. A 976 (2002) 349.
. . . . [26] M. Vitali, M. Guidotti, R. Giovinazzo, O. Cedrone, Food Addit.
from_foods with high water content a_nd diluting makes it Contain. 15 (1998) 280.
possible to perform SPME of such kind of samples, nev- [27] m. Natangelo, S. Tavazzi, E. Benfenari, Anal. Lett. 35 (2002) 327.
ertheless the influence of different matrices can affect the [28] R. Rial Otero, C. Yague Ruiz, B. Cancho Grande, J. Simal Gandara,
extraction process and should be particularly studied. J. Chromatogr. A 942 (2002) 41.
[29] M. Correia, C. Delerue Matos, A. Alves, J. Chromatogr. A 889
(2000) 59.
[30] V. Bellavia, M. Natangelo, R. Fanelli, D. Rotilio, J. Agric. Food
Chem. 48 (2000) 1239.
. . [31] A. Fromberg, T. Nilsson, B.R. Larsen, L. Montanarella, S. Facchetti,
The authors gratefully acknowledge the financial sup- J.0. Madsen, J. Chromatogr. A 746 (1996) 71.
port of the Spanish Ministry of Science and Technology [32] H. Berrada, G. Font, J.C. Molto, J. Chromatogr. A 890 (2000) 303.
(AGL-2003-01407) and the Generalitat Valenciana (GRUP [33] H. Berrada, J.C. Molt6, G. Font, Chromatographia 54 (2001) 360.
03/164). [34] M.C. Gennaro, E. Marengo, V. Gianotti, V. Maurino, J. Chromatogr.
A 910 (2001) 79.
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