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Abstract

A quantitative matrix solid-phase dispersion and liquid chromatography—atmospheric pressure chemical ionization mass spectrometry
(LC-APCI-MS) method is outlined for the simultaneous analysis of dithiocarbamates (DTCs) and their degradation products in plants.
Compounds analyzed are dazomet, disulfiram, thiram and the metabolites ethylenthiourea and propylenthiourea. The performance of two
different sample preparation protocols, the proposed one and other based on solid-phase extraction, as well as, of both atmospheric pressur:
ionization sources, APCI and electrospray, were compared. The effect of several parameters on the extraction, separation and detection was
studied. Dithiocarbamates and metabolites were dispersed with carbograph, eluted with a mixture of dichloromethane—methanol, and then,
identified by monitoring the base peak of the spectra corresponding te H]*. The method was validated for avocados, cherries, lemons,
nuts, oat, oranges, peaches, rice and tomatoes. Average recoveries varied from 33 to 109%, and relative standard deviation were between ¢
and 21% with limits of quantification ranged from 0.25 to 2.5 mgk@xcept for thiram and disulfiram, which were not recovered from fruits
with high acid content. The procedure was applied to the determination of DTCs and their metabolites in fruits, vegetables and cereals taken
from different markets of Valencia, Spain.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Food analysis; Dithiocarbamates; Organosulfur compounds; Pesticides

1. Introduction differ greatly in their action mechanisid,5]. In recent
years, concern has been expressed on their presence in

Dithiocarbamates (DTCs) are important organosulfur foods, drinks and environmeft].
compounds, which act as inhibitors of metal dependant and The predominant methods for determining DTCs and
sulphydryl enzymes and have a serious consequence ommetabolites are based on their decomposition to carbon
biological systems. They possess variety of applications in disulfide (C3Q) in an acid medium, followed mainly by
agriculture as fungicides, as well as, in the rubber industry spectrometry{6—10] and head space gas chromatography
as vulcanization accelerators and antioxiddis In this [11,12] These methods are time-consuming, neither selec-
way, DTCs are the main group of fungicides used to con- tive nor sensitive, and they do not let analysts distinguish
trol approximately 400 pathogens of more than 70 crops between the subclasses of DTCH. In addition, some
and are registered in all the EU member states and manypublished papers clearly demonstrate that €8ues deter-
other countrieg2,3]. Ethylenthiourea (ETU) and propylen- mined by using the acid digestion method of crops rich in
thiourea (PTU) are the most important transformation prod- secondary metabolism of sulfur compounds have to be in-
ucts of DTCs suspected to cause various pathogenic effectderpreted carefully12]. However, up to now, these methods
(e.g., goiterogenic, carcinogenic, mutagenic, teratogenic)are used by authorities in Europe and USA to measure the
[4]. Determination of DTCs subclasses is required for toxi- presence of DTCs in different crops and legal limits have
cological evaluations since the DTCs and their metabolites restricted only the amount of carbon disulfide-3].

An update methodology to determine DTCs and metabo-

?resented at the 2nd Meeting of the Spanish Society of Chromatog- lites is.ind_ispensable to meet current analyticallrequirements
raphy and Related Techniques, Barcelona, 26-29 November 2002. [1]. LIqUI.d chrom_atography (LC) and caplllary eleg_
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determine the different DTCs subclas$&3-24] Determi-
nation of ETU and PTU in food commodities is achieved
by LC with selective detectors or derivatization with a halo-
gen orS-benzylN-(pentafluorobenzyl)-2-imidazolinethione
and subsequent analysis by (8,11,25-28] However,
there is a clear trend toward the application of LC tech-
nigue coupled with UV, electrochemical or MS detection
[3,11,27,28] For an unambiguous and simultaneous iden-
tification and quantification of DTCs and metabolites, LC
in combination with MS, especially with the atmospheric
pressure ionization (API) interfaces, offers new possibilities
that have not been explored yjé{.

A still more difficult step is the sample preparation be-
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those of the other compounds for more than three months.
Working solutions were daily prepared at different concen-
trations (0.25-5Q.g mi~1) by diluting aliquots of the stock
solution in the same solvent.

HPLC-grade methanol, dichloromethane and acetone
were purchased from Merck (Darmstadt, Germany). Deion-
ized water &£8MQcm resistivity) was obtained from
MilliQ water purification system (Millipore, Bedford, MA,
USA). Solvents were passed through a Qu#% cellulose
filter from Scharlau (Barcelona, Spain) before use.

Preparative ¢g and G sorbents were supplied by Anali-
sis Vinicos (Tomelloso, Spain), Extrelut and Alumina by
Merck, Florisil by Aldrich (Steinheim, Germany), silica gel

cause the instability of DTCs, which are affected especially by Scharlau and Supelclean ENVI-carb 120/400 by Supelco

by pH, temperature and plant componditd0,22,28] The

(Bellefonte, PA, USA).

common techniques for the extraction and clean up of DTCs
from matrices isolate these compounds by liquid extraction 2.2. Liquid chromatography with mass spectrometry
or solid-phase extraction (SPE) using, or not, some forms
of ion-pairs[14,16,19,21-24]ETU and PTU are polar and A Hewlet-Packard (Palo Alto, CA, USA) HP-1100 Se-
water soluble, and their extraction from fruits and vegeta- ries LC/MSD instrument with the HP Chemstation software
bles is critical[3,11,27] The prevalent approaches are based version A.06.01 consisting of HP-1100 autosampler with a
on liquid-liquid partitioning in dichloromethane or optional 100pl loop, a G1312A binary pump, and a G1345A diode
solid-phase cleanup on Extrelut columns, but they are very array UV-Vis detector coupled in series with a mass selec-
polemical since many authors encounter great difficulties to tive detector equipped with an atmospheric pressure ioniza-
obtain acceptable and consistent recovdiids27] In con- tion source usable as either APCI or ESI interfaces, was
trast, SPE on reversed-phase materials or matrix solid-phasemployed for the chromatographic analysis.
dispersion (MSPD) methods have not so far been described. The operating parameters of the MS detector were: drying

Against this background, the objective of this paper was gas flow and temperature, nebulizer pressure, vaporizer tem-
to develop and validate a simple, specific, and rapid method perature, capillary voltage, corona current, and fragmentor
for the simultaneous determination of dazomet, disulfiram, voltage, which were optimized by evaluating the sensitivity
thiram, ETU, and PTU residues in fruit and vegetables (signal-to-noise ratio) and fragmentation. For this purpose,
by LC-MS using SPE-based methods for the extraction each analyte, at a concentration ofd®ml~1, was injected
and clean-up steps. For this purpose, atmospheric pressur@to the flow of the mobile phase using flow injection anal-
chemical ionization (APCI) and electrospray ionization yses (FIA) and detected in the full scan mode. The injec-
(ESI) interfaces in positive ion (PI) mode were compared tion volume was set at jol. The FIA was performed with
and optimized for the MS characterization of target com- an isocratic mobile phase for each analyte but the methanol
pounds. Evaluation of several alternative approaches for thepercentage was varied from 10 to 90% depending of the
extraction and clean-up steps, SPE (using reverse materialstompound in the way that this percentage was the same at
and MSPD, was also conducted to obtain reproducible re- which the analyte elutes from the analytical column with the
coveries. These procedures were used to analyze DTCs angradient described ifiable 1
metabolite residues in fruits and vegetables collected from The LC separation was achieved onjarh, 150x 4.6 mm
different markets. i.d. Cg chromatographic column and security guard cartridge
Cis (4 x 2mm i.d.) both from Phenomenex (Cheshire, UK)
using the gradient reported Fable 1

Time-schedule selected-ion monitoring (SIM) of the most
abundant ion of each compound was used for quantification.
The optimum fragmentor voltages were pre-setted for each
group of ions monitoring at the same time and automatically

Dazomet, thiram and ethylenthiourea were purchasedtuned using the instrument control utilities in the software.
from Riedel-de Haén (Seelze, Germany), disulfiram from The optimal chromatographic and mass spectrometric con-
Sigma (Steinheim, Germany) and propylenthiourea from ditions are listed infable 1
Dr. Ehrenstorfer GmbH (Augsburg, Germany) with certi-
fied purity of at least 98%. Stock solutions of 1 mghl
were prepared by weighing and dissolving each pesticide in
methanol and stored at°€. The solution of dazomet was Fruits and vegetables used for recovery trials were se-
stable under these storage conditions for almost 3 days andected among groups of crops as indicated by the European

2. Experimental

2.1. Chemicals and reagents

2.3. Sample preparation
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Table 1 pestle, to obtain a homogeneous mixture. This mixture

LC-MS conditions was introduced into a 108 9mm i.d. glass column and

LC separation conditioned with 0.2ml of distilled water; then 20 ml of
Solvent A Water dichloromethane—methanol (80:20, v/v) were added to the
Solvent B Methanol

column and the sample was allowed to elute dropwise by

Flow rate (mlmim?t) 0.8 i liaht The el + which d A
Time (min) Methanol (%) applying a slight vacuum. The eluent, which does not con-
: : tain water, was collected in a graduated conical tube (20 ml)
Grag'e”t elution i and concentrated, under a stream of nitrogen, to 0.5 ml.
75 70 ) )
125 90 2.3.2. Solid-phase extraction
15 90 A portion of 2g of the sample was weighed and placed
APCI ESI| into an Erlenmeyer flask and homogenized with 25 ml of
MS detection water by sonication over 15min. The resulting suspension
Drying gas flow (Imim?) 20 13.0 was filtered through Whatman 40n filter, and the filter
Drying gas temperture®C) 250 350 cake was washed twice with 5 ml of deionized water.
Nebulizer pressure (bar) 40 60 The solution was passed under vacuum through a col-
Vaporizer temperature’C) 250 - umn containing 1g of solid-phase (sé@ble 3 that
Capillary voltage (V) 4000 4000 diti d with 10ml of th | d 10ml of
Corona current (A) 40 - was preconditioned wi ml of methanol an ml of
distilled water. The filtrate was discarded and the pesti-
Scan mode . . . . .
mz range 50-350 s0-350  cides retained in the solid-phase were eluted with 10 ml
geycle 0.42 0.42 dichloromethane—methanol (80:20, v/v). The eluent was
Inter scan time (ms) 1 1 collected in a graduated conical tube (20 ml) and concen-
Fragmentor voltage trated, under a stream of nitrogen, to 2ml.
Dazomet 50 60
Disulfiram 50 80 2.4. Validation procedure
Ethylenethiourea 50 20
Propylenethiourea 50 20 . . .
Thiram 50 60 A test to verlfy'the sample homoigenelty was carried out
Selected ion because the relative small sample size requires a great degree
Dazomet 163 163 of homogeneity to obtain representative samples. The inten-
Disulfiram 297 116/319 sive sample chopped must be performed carefully to mini-
Ethylenethiourea 103 103/125 mize analyte degradation. The effect of homogenization on
Propylenethiourea 117 1177139 analytical accuracy was demonstrated on tomato spiked with
Thiram 241 143/263

a mixture of the studied DTCs at limit of quantitation (LOQ)
level after selected the 200 g subsample prior to the homo-
genization step. After homogenization, this sample was an-
Union (EU) document on residue analy$®y: (1) cereals alyzed seven times by the proposed carbon/MSPD method.
and dry crops (rice and oat); (2) commaodities with high wa- The average recoveries found were between 40 and 75% and
ter content (lettuce, cherry, peach and tomato); (3) commaodi- the relative standard deviations were between 10% for ETU
ties with high fat content (nut and avocado); and (4) fruits and 20% for dazomet. These results and those obtained spik-
with high acid content (orange and lemon) to submit data ing directly the homogenized samples do not show apparent
for representative products. They were obtained from agri- differences (se@able §.
cultural cooperatives and were also sampling in consonance The following parameters were determined: linearity, re-
with the guidelines of EUZ2]; that is, as far as possible, the peatability, reproducibility, and LOQs, recoveries and matrix
samples were taken at various places distributed throughoutdependent variations as is established by the EU guidelines
the lot (size ca. 50kg). The sample weighed at least 1 kg [2].
and consisted of a least 10 individual fruits or vegetables. Linearity and matrix effects were evaluated by analyz-
The samples were prepared as is described in the Counciling standard solutions and matrix matched standards at five
directive 2002/63/E(29]. Sample was cut in pieces and points in the range of 0.25-5@ mi~! of each pesticide to
a representative portion of these pieces (200g of fruit or cover the expected range of concentrations in samples.
vegetable taken randomly) was chopped and homogenized LOQs were defined as the lowest level for which accept-
in a Bapitaurus food chopper (Taurus, Berlin, Germany).  able recoveries (70-110%) and repeatabilitie2({%) are
obtained. However, it has been taken into account that when
2.3.1. Matrix solid-phase dispersion the recovery is not influenced by the analyte, concentration
A sample of 0.5g was weighed and placed into a glass recoveries outside of this range are acceptable.
mortar (50ml capacity) and gently blended with 0.5¢g Intra- and inter-day precisions of the method were
of the dispersing agent (sékble 5 for 5min using a determined by the analysis of the five samples at each
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concentration tested, in a day (intra) and in different days A s

(inter). Recovery experiments were carried out in the se- HaC 3 CHs )k

lected plant materials spiked at the LOQ and ten times the s \N)LS/S N\CH - H N S

LOQ levels of the studied compounds. For MSPD, 0.5g of HsC” \T( s 2

sample homogenized in a mortar was fortified with p00 S

of the stock pesticide solution. For SPE, 2 g of homogenized

sample in an Erlenmeyer was fortified with 2ml of the (B) s S

same solution. The flask was shaken manually to distribute HaC— )k S N/—C Hs H2+N/U\S
. —_—

the added standard as evenly as possible. The sample was N 57 Y N—CH, H)

left open at room temperature for 12h to equilibrate the HsN S

analytes in the vegetable. This practice was not detrimental CHs

for the analytes as it was demonstrated checking different
equilibration times. The samples were analyzed according
to the described methodologies.

Fig. 1. Fragmentation pathways of the (A) thiram and (B) disulfiram.

at m/z 148 and 116 corresponding to diethylthiocarbamic
acid and diethylthiocarbamoyl. According to the theory of

3. Results and discussion APCI, a protonated molecule is generated in APCI. By frag-
mentation, neutral molecules are expelled, and the resulting
3.1. Liquid chromatography—mass spectrometry fragments in most cases are protonated molecules again. To

meet this criterion, the fragment molecules from thiram and

Thiram, disulfiram, dazomet, ETU and PTU are weakly disulfiram should be cyclic. A possible fragmentation path-
basic molecules, which produce easier positive ions thanway is illustrated inFig. 1
negative ones. Simultaneously, due to the ketol-thiol tau- The mass spectra obtained using ESI interface follow the
tomerism, they exhibit acidic properties at pH values >10, same pattern reported for the APCI, but sodium adducts
which can favor the response in negative ionization (NI) were always observed. This course is in agreement with the
mode. Preliminary experiments were performed to decide theory that the molecules need a functional group, which
between both ionization modes. The studied analytes gavemay donate a lone pair of electrons, to form stable sodium
response in Pl mode but not in NI mode at the concentra- adducts[30]. DTCs show a great affinity for alkali metal
tions studied. ions and they gave exclusively sodium adducts, even in the

Comparison of APCI and ESI interfaces was also carried absence of added sodium, excepting the fragment ianzat
out. Table 2lists the main ions, their relative abundances 116 (diethylthiocarbamoyl), which does not form adducts.
and the limits of detection (LODs) obtained by both sources. ETU and PTU showed the protonated molecule | H]*
Using an APCI interface, the only ion obtained for ETU, and the sodium adducdf + NaJ* in the spectrum. Fortifi-

PTU and dazomet was the protonated molecedf H]™ cation of the sample with sodium ions prior to the injection
at m/z 103, 117 and 163, respectively. The mass spectrum affected the relative ion abundance but did not achieve a real
of thiram showed a protonated moleculenalz 241 along improvement of the sensitivity.

with fragment ion atm/z 120 corresponding to the loss of Another relevant difference between APCI and ESl is the
dimethylthiocarbamic acid. The mass spectrum of disulfiram sensitivity. By APCI, the response varied from 1.25ng for
gave a protonated molecule @iz 297 and fragment ions  the most sensitive compounds, ETU and PTU, to 12.5ng
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Fig. 2. LC-MS chromatograms in the SIM mode of a standard solution using (A) APCI and (B) ESI. Peak identification and concentrations: (1) ETU,
0.5ugmi~1; (2) PTU, 0.50g ml~1; (3) dazomet, Jug mi~2; (4) thiram, Iugml?; and (5) disulfiram, Jugmi~21.



Table 2
Comparison of APCI and ESI interfaces

Pesticide APCI ESI
Main ions (relative abundance) LOD (Rg) Main ions (relative abundance) LOD (fg)
s s
Dazomet Nr T 163 (100) M + H]* 5 185 (100) M + NaJ™ 2.5
HaC” ™ CH,
i _—CH,—CHs 297 (100) M + H]* 125 319 (99.3) M1 + NaJ* 25
Disulfiram H:C—HC—, s’SYN¥CH2—CH3 148 (17.7) M + H-HSCSN(CHCHs),]+ 171 (100) M + H-HSCSN(CHCHs), + NaJ*
HyC—H,C—" S 116 (30.2) M + H-HSSCSN(CHCHz)]* 116 (13.5) M + H-HSSCSN(CHCHz)2] ™
_H
N
. 103 (100) M + H]* 1.25 103 (100) M + H]+ 5
Ethylenethioure
Y {N \>=5 125 (20) M + NaJ*
H
H
H3C N
. 117 (100) M + H]* 1.25 117 (57.7)]1 + H]* 5
s
Propylenethiourea \[N>= 139 (100) M + NaJ*
H
3 CHs
he, L s N 241 (100) M + HJ* 125 263 (100) M1 + NaJ* 5

Thiram N S Y CHs
HsC Q

120 (26.7) M + H-HSCSN(CH),]*

142 (74.9) M + H-HSCSN(CH), + NaJ*

@ Calculated at the optimum fragmentor voltage (Seble J).

b LOD, instrumental detection limits (ng injected); amount giving a peak wjtN S 3; determined in SIM mode by FIA.

9/2-/92 (#002) 820T V “iborewioiyd ¢/ [e 1 0dse|d O

T.¢
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for the least sensitive ones, thiram and disulfiram. While removal of impurities (colorless solutions and cleaner chro-
the ESI response was 5-10 times less sensitive for ETU matograms).
and PTU than APCI, ESI was considerably more sensible
for thiram and disulfiram than APCEFig. 2 illustrates the 3.2.1. Solid-phase clean-up
chromatographic response by both interfaces. The effect of pH, salt addition, solid-phase, organic sol-
As it can be also observed Fig. 2, the five analytes were  vent used to extract from plant materials and evaporation
well resolved using the methanol-water gradient reported step was studied. The preliminary experiments to determine
in Section 2 Addition of modifiers with acid characteristics the influence of these parameters were carried out using pes-
can affect the ion abundance and the sensitivity. Two aque-ticide solutions in pure water at concentration levels between
ous solutions: 10 mM ammonium acetate (pH 4) and 10mM 2.5 and 25 ppm.
ammonium formate (pH 3) were tested. The variations ob-  Extrelut, Gg, Cg, carbon, silica, alumina and Florisil
served in the response were insignificant 0%). The pro- were checked as solid supports for SPE using a mixture
posed conditions generate narrow and reproducible peaksof dichloromethane—methanol (80:20, v/v) as eluent. The
and the separation of the five compounds was accomplishedresults reported iffable 3 have shown that the best re-
within 15 min. coveries can be obtained by using carbon for all the com-
Because the differences in sensitivity of APCI and ESI for pounds but the recoveries for ETU and PTU were very low
the studied compounds a compromise should be achieved(around 15%). The low recoveries obtained with adsorptive
APCI was selected because it achieves better sensitivity formaterials, such as alumina, Florisil and silica, are prob-
ETU and PTU whereas the sensitivity for thiram and disul- ably because these materials are deactivated by water as
firam is still enough for determining them at concentrations demonstrated the fact that the analytes can be found in the
lower than the maximum residue levels (MRLs) established filtrate.
by the European legislation. In addition, it is more robust  The addition of salt was also tested since ETU and PTU
and gives reproducible spectra of the studied compoundsare highly polar and very soluble in water compounds. This
without adduct formation. effect was assessed by adding 10, 20 and 30% (w/v) of NaCl
Quality parameters were also determined. LC-APCI-MS to water solutions containing the pesticides. The extraction
provided a linear response over the range of injected amountsefficiency of DTCs, ETU and PTU was not affected by the
from 0.25 to 5Qug mI~1 with good correlation coefficients  addition of salt. Samples were then extracted without salt
(r between 0.981 and 0.997). For repeatability and repro- addition to enhance the ruggedness of the method.
ducibility studies of the LC-MS procedure, five replicate de-  The studied compounds are stable over the pH range of
terminations on the same day and on five different days of a5-9. Therefore, the pH of pesticides solution was adjusted
standard solution (0.25g ml~! of ETU and PTU, Jug mi~1 to pH 9 with 0.2% NaOH. The influence of the pH in the
of dazomet and 2.5@g mI~* of thiram and disulfiram) were  studied pesticides recovery was found to be insignificant.
carried out. Relative standard deviations (R.S.D.) ranged The homogenization step from the plant material prior
from 5 to 12% for run-to-run precision and from 8 to 16% to SPE was also studied. DTCs were extracted from water,

for the day-to-day precision. methanol-water (50:50, v/v) and water—acetone (50:50, v/v).
The organic solvent was evaporated using a rotary evapora-
3.2. Optimization of different extraction procedures tor prior to SPE. Results are reportedTiable 4 Best re-

coveries were obtained homogenizing with water, probably
The aim of this stage was to define the optimum condi- because losses of DTCs, ETU and PTU occur during sol-
tions in terms of recovery for an extraction procedure, based vent evaporation. These results were confirmed repeating the
on solid-phase cleanup of plant extract or direct MSPD. The analyses with peaches spiked with DTCs, ETU and PTU.
analytes retained in the solid-phase or in the material dis- The recoveries obtained from spiked agueous solution were
persed were eluted with dichloromethane—methanol (80:20,slightly higher than those obtained from spiked peaches as
v/v). This mixture provided the best eluting efficiency and can be seen iffable 4

Table 3
Recovery and relative standard deviations (R.S.D.) obtained by SPE from aqueous solutions using different solid-phases
Pesticides Recovery, % (R.S.D., %= 5)

Concentration g ml—1) Alumina Extrelut Florisil Silica Carbon ' Cig
Dazomet 1.00 3.2 (7) a - - 2.6 (10) - -
Disulfiram 2.50 4.2 (10) - 29.3 (26) 29.3 (26) 89.1 (7) 99 (12) 82 (10)
Ethylenethiourea 0.25 - - - - 13.7 (10) - -
Propylenethiourea 0.25 - - - - 19.8 (12) - -
Thiram 2.50 2.4 (17) - 11.5 (9) 4.6 (9) 80.7 (10) 108.2 (17) 99 (8)

@ Indicates no recovery.
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Table 4
Recovery obtained using different homogenization steps prior SPE from agueous solutions and from spiked peaches homogenizing with water
Pesticides Recovery, % (R.S.D., %= 5)
Concentration Acetone—water Methanol-water Water at pH 9 Water Peaches
(ngmi—1) (50:50, v/v) (50:50, v/v) with 0.2% NaOH
Dazomet 10 51.1 53.2 60.5 55.1 53.7
Disulfiram 25 67.2 60.5 60.2 75.3 67.4
Ethylenethiourea 25 12.4 20.9 14.7 29.8 19.8
Propylenethiourea 25 8.8 26.4 224 11.4 8.7
Thiram 25 80.8 70.2 74.6 86.2 58.3

Different amounts: 2, 5, 10 and 159 of peaches were of MSPD as extraction procedure is obvious from data
tested. Between 2 and 10 g the recovery values were main-generated.
tained. For 15 g the recovery were slightly lower. The sample ETU and PTU recoveries were low using the SPE
amount used was 2 g in order to maintain the same amountcleanup. However, this method could be, in some cases,
of matrix perml in the final extract using both extraction an interesting alternative for the extraction of dazomet,
procedures. An advantage of increase the amount of samplalisulfiram and thiram because the recoveries, precision

is that the LOQs are improved. and quantification limits obtained were very close to those
obtained by MSPD. Taken into account that sensitivity is
3.2.2. Matrix solid-phase dispersion one of the most important parameters in pesticide residues

The best dispersing agent to extract the studied com-determination, one feature of the SPE extraction cleanup is
pounds from plant materials by MSPD was checked. The that the amount of matrix analyzed can be increased up to
preliminary experiments were also carried out with pesti- 10g maintained the results, which can improve the LOQs
cide solutions in pure water at concentration levels betweenmore than five times.

1 and 50 ppm. &, Ci1g and carbon were tested. These results
were confirmed using peaches spiked with the analytes. Re-3.3. Method validation
coveries shown iffable 5display that the best results were

obtained with carbon whereas; @nd Gg failed to extract The proposed protocol, in which DTCs and metabolites

ETU and PTU. were extracted by MSPD using ENVI-Carb and determined
by LC-APCI-MS, was validated by the analysis of repre-

3.2.3. SPE versus MSPD sentative plant materials against a method based on dithio-

Advantages of both methods are simple handling, low carbamates decomposition to £&1d gas chromatography
volumes of organic solvents or expensive reactives required,[11]. LOQs for the studied compounds ranged from 0.25 to
small sample amounts needed and high selectivity. The 2.5 mg/kg, which are lower than the MRLs established by the
recoveries of both DTCs and metabolites are better using Spanish and EU legislatiorjg,3] that are 3 ppm for thiram
MSPD than SPE clean up. For MSPD using carbon, re- and between 1 and 5 ppm of €8epending on the plant ma-
coveries of DTCs and their metabolites were between 56.5terial. Table 6shows the recovery and precision obtained at
and 89.5% and 63.6 and 88.8% for standard solutions andLOQ and 10 times the LOQ levels. In general, the recovery
for peaches, respectively. In SPE cleanup, these recover-of the compounds was independent of their concentration
ies were between 2.6 and 89.1%, respectively. ETU andin plant materials. Recoveries were from 33.2 (disulfiram at
PTU are not retained in the solid-phase as a consequencd0 x LOQ in lemon) to 109.0% (PTU at LOQ in lemon)
of their high polarity and water solubility. The selection and the relative standard deviations ranged from 4 to 21%.

Table 5
Recoveries and relative standard deviations (R.S.D.) by MSPD from standards and spiked peaches using different dispersing agents
Pesticides Recovery, % (R.S.D., %= 5)

Concentration Standard solutions Spiked peaches

(ngmi™)

Cg Cig Carbon G Cig Carbon

Dazomet 1.00 81.7 (9) 61.8 (7) 89.5 (9) 20.1 (8)) 19.4 (3) 77.9 (12)
Disulfiram 2.50 74 (13) 73 (12) 88.6 (3) 45.4 (6) 36.4 (8) 88.6 (7)
Ethylenethiourea 0.25 50.5 (9) 45.8 (10) 56.5 (15) 425 (5) 41.6 (10) 67.6 (10)
Propylenethiourea 0.25 43.2 (7) 45.9 (2) 58.9 (11) 50.6 (9) 54.5 (10) 63.6 (13)

Thiram 2.50 85 (8) 83 (8) 69.3 (10) 60.4 (7) 52.8 (7) 88.8 (4)
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Table 6
Recoveries and R.S.D. obtained from different matrices spiked with the studied compounds at LOQ and 10 LOQ levels using carbon/MSPD method

Recoveries, % (R.S.D., %, = 5)

Dazomet Disulfiram Ethylenethiourea Propylenethiourea Thiram

0.5mgkg! 5mgkg?! 25mgkg! 25mgkg! 0.25mgkg® 25mgkg! 0.25mgkg! 2.5mgkg! 2.5mgkg! 25mgkg?

Oat 440 (13) 452 (14) 783 (15) 732 (12)  40.2 (13) 45.3 (13) 44.2 (7) 45.7 (10) 70.4 (10)  73.7 (12)
Avocado 42,5 (16) 452 (10) 74.8 (14)  73.7 (11) 48.4 (4) 40.4 (8) 39.2 (17)  40.8 (10) 101 (9) 96.2 (10)
Cherry  68.9 (12) 70.2 (17) 76.9(15) 80.7(5)  49.4 (13) 45.6 (7) 40.6 (18)  49.4 (11) 84.4 (18)  85.6 (17)
Lemon  82.6 (16) 87.5(16) - 332(7)  77.5(13) 69.2 (14)  109.0 (16) 735 (12) - 103.5 (18)
Lettuce  63.17 (7) 57.3(4) 803 (16) 87.8(8) 4281 (20)  40.8 (5) 459 (11)  46.7 (10) 66.6 (19)  65.4 (11)
Nut 65.3 (13) 628 (17) - 105 (19)  51.2 (14) 61.6 (15) 615 (14)  63.0 (6) 59.8 (11)  64.6 (14)
Orange  104.2 (10) 857 (18) - - 52.5 (10) 55.6 (21) 922 (19)  90.6 (13) - -
Tomato 415 (19) 405 (8) 715 (5) 708 (7)  42.8 (4) 476 (12) 52.18 (8)  50.1 (16) 71.6 (5) 74.8 (6)
Rice 490 (21) 423 (15) 83.1(8) 87.4 (12) 529 (12) 50.7 (14) 53.1 (18)  54.2 (9) 84.34 (11) 85.3 (11)

The method is unsatisfactory in a certain number of pesti- or enzymatic reactions has been widely mentioned in the lit-
cide/crop combination as fruits with high acid content (or- erature[8,15,21-25] Heise et al[8] postulated that proce-
ange and lemon), for which thiram and disulfiram were not dures admitting small sample amounts and hence requiring
recovered, and nuts for which disulfiram was not recovered. an intense homogenization are not appropriated to determine
The hypothesis of thiram and disulfiram decomposition these compounds because the contact between the residues
by the action of organic acids, juice of fruits and vegetables, on the peel of the fruit and vegetables and the flesh tissue
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Fig. 3. LC-MS chromatograms in the SIM mode of (A) untreated control rice; (B) untreated control rice spiked at LOQ level; and (C) rice sample
containing ETU at 0.32mgkd and PTU at 0.19 mgkgt. Peak identification as iffig. 2



C. Blasco et al./J. Chromatogr. A 1028 (2004) 267-276 275

16000 §
14000 4
12000 4
10000
8000 4
6000
4000 4
2000
0

Absolute response

2 4 6 8 10 12 14min
QY Time (min)

3

Absolute response

2 4 6 8 10 12 14 min
(B) Time (min)

Absolute response
=
o
o
o
o
-

T T T T T

2 4 6 8 10 12 14
©) Time (min)

Fig. 4. LC—-MS chromatograms in the SIM mode of (A) untreated control tomato; (B) untreated control tomato spiked at LOQ level; and (C) tomato
sample containing ETU at 0.36 mgkly PTU at 0.54 mgkg?, and thiram at 2.9 mgkg. Peak identification as iffig. 2

should be avoided. This argument favors the SPE cleanupCalibration graph of standard solutions and spiked blank
previously tested because it would be able to extract pesti-extracts areas versus pesticide concentrations were con-
cides residues located in the surface of the fruit sonicating structed using a least-square linear regression. The presence
the intact pieces with water, which could be more applica- of matrix always leads signal enhancement or suppression,
ble for thiram and disulfiram extraction. On the contrary, which ranged from 0 to 20% depending on the matrix and
ETU is readily absorbed and translocated from one part of on the compounds, but it has not shown any correlation be-
the plant to another, requiring an important homogenization tween matrix type and enhancement and/or suppression. For
of the plant tissu¢27,28,31] It should be noted that thiram  consistent and accurate quantification, matrix matched stan-
and disulfiram were only not recovered from fruits with high dards were used in all analyses. The orange matrix matched
acid content; other plant materials tested showed recoveriesstandards gave not any problem with the thiram or disulfiram
of the same order than those reported for the extraction fromadded.
dispersing material without matrix. The method was applied to the determination of fungicide

According to EU guideline$?], the mean recoveries at residues in ten samples of each plant material taken from
each fortification level should be greater than 70%; in gen- different markets of Valencia. ETU and PTU were detected
eral, the values obtained using MSPD were around this in two samples of rice and thiram was found in one sample
value, except for ETU and PTU, which are recovered around of tomato and one of peach. Examples of representative
50%. Methods for determination of ETU and PTU have re- chromatograms for untreated control, spiked control at the
ported recoveries ranging only from 10 to 3(4%11,27] LOQ levels and samples containing some of the studied
In this case, the proposed method is more efficient when compounds are given iRigs. 3 and 4
compared to the cited ones.

A matrix interference study was carried out by com-
paring the area obtained for each compound in a standard4. Conclusions
solution with those obtained in a spiked blank extract of
a commodity of each group (orange, tomato, rice and nut) The optimum results, in terms of sensitivity, selectivity
at five concentration values from the LOQ to 50 mgkg and precision were obtained using ENVICarb for MSPD
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followed by LC-APCI-MS. The proposed method provided [9] E.D. Caldas, M.H. Conceicao, M.C.C. Miranda, L.C.K.R. de Souza,
determination of DTCs and metabolites in many representa- 0] i;o';ig;‘é rf OAfgg(f’f-ic'i:;O‘i &T;:zél4%é2e(£izs45éflﬁ-cial Vethods of
tl\{e plgnt ma}terlals, exceptm_g dlgulfqum and thiram |n.frU|ts Analysis, 16th ed., AOAC, Arlington, 2000. '

with high acid content and disulfiram in nuts. The main ad- 11] N. Ahmad, L. Guo, P. Mandarkas, S. Appleby, J. AOAC Int. 78
vantages are the small solvent and sample amount required,  (1995) 1238.

speed, low cost, cleaned blanks and the satisfactory recov{12] R.C. Perz, H. Van Lishaut, W. Schwack, J. Agric. Food Chem. 48
eries, precision and LOQs provided. The DTC and metabo- __ (2000) 792.

. - S . . [13] M. Rossi, D. Ratilio, J. High. Resolut. Chromatogr. 20 (1997) 265.
lite residues determination in fruits and vegetables can be[14] AW. Lee. W.F. Chan, F.S.Y. Chuen, C.H. Lo, R.C.K. Chan, . Liang,

achieved with unequivocal identification of the compounds. Anal. Chim. Acta 339 (1997) 123.
[15] A.K. Malik, B.S. Seydel, W. Faubel, J. Environ. Anal. Chem. 75
(1999) 159.
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