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Abstract

A liquid chromatography—mass spectrometry method has been developed for determining bitertanol, carboxin, flutriafol, pyrimethanil,
tebuconazole and triadimefon. The evaluation of both atmospheric pressure interfaces (APIl), atmospheric pressure chemical ionization
(APCI) and electrospray (ESI) using positive and negative ionization modes, clearly shows that the studied pesticides are more sensitive using
APCI in positive mode. Two procedures based on solid-phase extraction (SPE) and stir-bar sorptive extraction (SBSE) have been assessed fol
extracting these compounds in grape. The recoveries obtained by SPE in samples spiked at the limit of quantification (LOQ) level ranged from
60 to 100% with relative standard deviation (R.S.D.s) from 7 to 17%. With the SBSE the recoveries obtained from samples spiked at LOQ
level were between 15 and 100% and the R.S.D.s between 10 and 19%. The LOQs of most compounds are better by SPE (0.00310.01 mg kg
than by SBSE (0.01 mg kg for all fungicides). Although SPE provided higher recoveries, lower R.S.D.s, best LOQs and is more rapid to
carry out compared with SBSE, this last one has some advantages such as lower organic solvent consumption, and cleaner extracts. Result
obtained applying both techniques to real samples are analogous.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 250 gha? for other fungicides as dithiocarbamates). They
act by interfering with the synthesis of sterols, which are es-
Fungicides as bitertanol, flutriafol, triadimefon and tebu- sential for the construction of normal cell membrgBe5].
conazole (triazoles), carboxin (anilide) and pyrimethanil  Although all these compounds have low mammalian tox-
(pyridine) are intensively applied to grapes at various stagesicity, fungicide residue levels in foodstuffs are generally
of cultivation and during post-harvest storage to provide pro- |egislated to minimise the exposure of consumers to the harm-
tection against rottinfiL, 2]. Triazines, anilines and pyridines  ful or unnecessary intake of pesticides; to control their correct
are important classes of fungicides with a wide range of use- yse in terms of the authorisations or registrations granted (ap-
ful activities. Many are systemic and they are highly active plication rates and pre-harvest intervals); and to permit the
with as little as 60 g ha' being required (compared to the  free circulation of products treated with them as long as they
comply with the maximum residue limits (MRLS) fix¢4-6].
- _ _ o MRLs are not toxicological limits but are toxicologically ac-
Presented at the 3rd _Meetlng of the Spanish Association of Chromatog- ceptables. Exceeded MRLs are strong indicators of violations
raphy and Related Techniques and the European Workshop: 3rd Waste Water . .
Cluster, Aguadulce (Almeria), 19-21 November 2003. of good agricultural practices. If MRLs are exceeded, com-
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E-mail addressyolanda.pico@uv.es (Y. FJ. will indicate whether or not there are possible chronic or
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acute health risks, respectively. Because of the reasons indiin methanol and stored in glass-stopper bottles°&.4The
cated above, monitoring residues of these fungicides in fruits stock solutions were stable in the stored conditions for more
and vegetables is still requirgél]. than 3 months. Standard working solutions at various con-
The analysis of fungicides has been widely described in centrations were daily prepared by appropriate dilution of
the recent literature and usually utilises the established mul-aliquots of the stock solutions in methanol.
tiresidue methods (MRM) of analys{§,8]. These meth- HPLC-grade methanol and organic trace analysis grade
ods involve solvent extraction and partitioning followed by dichloromethane were purchased from Merck (Darmstadt,
solid-phase or gel permeation cleanup to achieve removal ofGermany). Deionized water (<8 cm®Iresistivity) was ob-
co-extractives present in the sample extract. Most analyticaltained from the Milli-Q SP Reagent Water System (Millipore,
methods developed in the literature are modification and vari- Bedford, MA, USA). All the solvents were passed through
ations that can improve these extraction and cleanup methods 0.45.m cellulose filter from Scharlau (Barcelona, Spain)
through changes in technologies to reduce the analysis timebefore use.
because sample preparation is still the bottleneck in the ana- MFE Cig solid phase sorbent (particle diameter in the
lytical laboratory, occupying more than 60% of the analyst's range of 45-5pm and pore diameter 6@) was acquired

time [8]. from Analisis Vinicos (Tomelloso, Spain). The solid-phase
Advances could make by simplifying clean-{§®-12], (500 mg amount, 90@l volume) was placed into a 100 mm
improving extraction and miniaturizatiof9,12], increas- x 9mm i.d. glass column fitted with a coarse frit (No. 3).

ing the use of liquid chromatography (LG11,13-18] The column was preconditioned by passing through it 10 mi
intensifying automation9], and introducing mass spec- of methanol and 10 ml of deionized water.
trometry (MS) detectiorfl4-22] A valid alternative is the The stir bars (Twister) were from Gerstel {itheim, Ger-
enrichment on solid-phases cartridges, glass columns ormany) with alength of 10 mm and coated with a 1 mm PDMS
disks packed with & [9,13,14] mixed cation exchange layer, that correspond to an amount ofl@®f PDMS. Prior
[10,11], hydrophilic/lipophilic balance phas¢0] or poly- to use, stir bars were conditioned into a vial containing 15 ml
meric resing22]. Detection limits attained ranged from 0.1 of methanol, and treated for 5min by sonication, then the
to 180ng kg~! depending on the compound and the deter- solvent was rejected and the procedure was repeated three
mination technique used. times.

Another very elegant enrichment technique for aqueous
extraction is the recently developed stir-bar sorptive extrac- 2.2. Extraction and clean-up procedures
tion (SBSE). In SBSE, analytes are adsorbed into a magnetic
rod coated with polydimethylsiloxane (PDMS) by stirring for 2.2.1. Extraction of grapes
a given time. After that, the stir-bar is either thermally des-  Arepresentative portion of the sample (ca. 200 g of grapes)
orbed on-line with capillary GC—MS or by organic solvents. was chopped and homogenized in a food chopper. Then,a5g
SBSE has been already verified for analysing dicarboximide portion was placed in 250 ml glass beaker and homogenized
fungicides in wing[23], organophosphorus and carbamates with 25 ml of water by sonication over 15 min. The resulting
in orangeq24], and organophosphorus pesticides in honey suspension was filtered through Albet i folded filters
[25]. (Barcelona, Spain).

In the study, SPE and SBSE were evaluated to ana- Linearity, percentage of recovery and the repeatability
lyze bitertanol, carboxin, flutriafol, pyrimethanil, tebucona- (within-day precision) were determined by addingp3®f
zole and triadimefon in grapes in combination with liquid the appropriate working mixture to the 5 g portion placed in
chromatography—mass spectrometry (LC-MS). Several pa-a jar. The spiked sample was allowed to stand for 1 h before
rameters controlling the recovery efficiency of the analytes extraction to attain the pesticide distribution in grapes.
from the samples are optimized. Both procedures were com-
pared to establish the most suitable technique for quantifying 2.2.2. Solid-phase extraction (SPE)
these pesticides. The methods were applied to measure the The solution was passed under vacuum through a column
levels of fungicides in grape samples taken from the market. containing 0.5 g of solid-phaseg & The filtrate was discarded

and the pesticides retained in the solid phase were eluted
with 10 ml of dichloromethane—methanol (50:50, v/v). The

2. Experimental eluent was collected in a graduated conical tube (20 ml) and
concentrated at 5(C, under a stream of nitrogen, to dryness.
2.1. Chemicals After that it was redissolved with 0.5 ml of methanol.

Fungicides carboxin, flutriafol, tebuconazole and biter- 2.2.3. Stir-bar sorptive extraction (SBSE)

tanol were purchased from Riedel-de &t#a(Seelze, Ger- The filtrate was place into a 50 ml glass beaker and stirred
many), pyrimethanil and triadimefon from Dr. Ehrenstorfer with the stir bar, coated with PDMS, for 2 h at 900 rpm.
GmbH (Augsburg, Germany). Stock solutions of 1 mgl After the extraction, the stir bar was removed from the

were prepared by weighting and dissolving each pesticide aqueous sample with a magnetic stirring bar and tweezers.
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Table 1
Time scheduled SIM conditions for monitoring pesticides
Group Time (min) SIMion Gain Fragmentor (V) Dwell time (ms)

Carboxin 1 0-8 236 1 100 132
143 132

Flutriafol 2 302 1 100 132

Pyrimethanil 3 8-14 200 1 100 132

Triadimefon 4 294 1 100 132
197 132

Tebuconazole 5 14-30 308 1 60 98

Bitertanol 6 269 1 60 98
338 98

Then, the analytes were desorbed into 2 ml vial filled with The ESI interface in Pl mode provided mainly the proto-
1 ml of methanol. Desorption of the pesticides was performed nated molecules and strong signal for sodium adducts. Only
by sonication for 15 min. carboxin presents a fragmention corresponding to the neutral
loss of aniline. The sodium adduct is the main ion for flu-
triafol, triadimefon and tebuconazole whereas pyrimethanil

. did not form sodium adducts, confirming the theory that the
A Hewlett Packard (Palo Alto, CA, USA) HP-1100 series  gqim adduct formation requires a group that can donate a

LC-MS system equipped with a binary solvent pump, an |5 pair of electrons. Carboxin, flutriafol, triadimefon and

autosampler with the volume injection settalbandamass- - ap,conazole contain carboxyl and hydroxyl groups that are
selective detector (MSD) with atmospheric pressure chemical jjycant in the pyrimethanil molecule.

ionization (APCI) coupled with an HPChem work station was The ESI interface in NI mode provided the deprotonated
used. Operating conditions of the APClI interface in positive qjecyles as main ion for triadimefon and pyrimethanil. The
ion mode were vaporizer temperature 325 nebulizer gas  main jon in the spectrum of flutriafol is the fragment ob-
(nitrogen) pressure of 60 psi (1psi = 6894.76 Pa); drying gas iyined by the neutral loss of fluorobenzene, in the spectrum
(nitrogen) flowrate 4 I min~; drying gas temperature 23C; of carboxin the fragment obtained by the loss of ethene, and

capillary voltage 4000 V; and corona currentid. the only ion in the spectrum of tebuconazole is the fragment
Chromatographic separation was performed ongc0l- resulting from the loss of methyltriazole moiety.

umn (15cmx 0.4 cm i.d., jum) from Phenomenex (Madrid, .. The studied fungicides have similar mass spectrain APCI
Spain) with a methanol-water gradient that started with 65% to those provided in ESI. However, in PI mode, there were

of methanol increasing linearly during 15 min until 80% of 4 sodjum adducts and some fragment ions can be obtained.

methanol. The flow rate was 0.8 ml mih , Carboxin provides the fragment by neutral loss of aniline
Full-scan LC-MS chromatograms were obtained by scan- i, higher proportion. Flutriafol, triadimefon and bitertanol

ning fromm/z80-340; with ascantime of0.68 s. Time sched- o mmonly suffered the neutral loss of 69 u of the molecule

uled selected-ion monitoring (SIM) ofth_e most abun_dantlons that corresponds to the triazole ring. APCI in NI mode pro-

of each compound was performed as is reporte@aible 1 \;ijeq similar mass spectra for carboxin, flutriafol and tebu-

using the high resolution setting. conazole to those obtained by ESI. Triadimefon provided
a characteristic fragment ion at’z 127 corresponding to

2.3. Liquid chromatography—mass spectrometry

3. Results and discussion the loss ofp-chlorophenol, and bitertanol gave a fragment
at m'’z 169 that correspond to the-phenylphenol.Fig. 1

3.1. Mass spectrometry remarks illustrates some examples of the mass fragmentation ob-
served.

Although there are a lot of methods described now inthe A summary of the results in terms of limits of detection
literature, established procedures for choosing the most sen{LODs) obtained using full scan mode is showriTable 3
sitive interface or the best ionization mode do not exist. The response varied from 250 pg for the six compounds in

Table 2summarizes the chemical structures, molecular the APCI in Pl mode, which are the most sensitive inter-
weights, base peaks and the most abundant ions (with theifface and mode, to no response in ESI for bitertanol. ESI was
relative abundance) of the mass spectra of the six studiedbetween 25 and 100 times less sensitive for the studied com-
fungicides using APCI and electrospray (ESI) interfaces in poundsthan APCI. Taking into accountthese data, APClin Pl
positive ionization (P1) and negative ionization (NI) modes. mode was chosen for further experiments. The system sen-
The studied compounds gave response in positive and negsitivity was fully optimized using SIM. The time-schedule
ative mode by both interfaces, except that bitertanol did not of SIM was performed following the procedure reported in
give a signal in ESI. Table 1



Table 2

Molecular and fragment ions and their relative abundance both API interface in NI and PI modes at voltage fragmentor 100 V

Compound (M) ES APCI
Positive (PI) Negative (NI) Positive (PI) Negative (NI)
m/z tentative ion (X)) m/z tentative ion o) m/z tentative ion RAo) m/z tentative ion o)
Carboxin (235)
O ._CH, 143 [M + H— CgHgNHz]t 25 206 [M— H — CH,CHp]~ 100 236 [M + HJ" 100 234 [M—H]~ 100
E I 236 [M + HJ* 100 234 [M— H]~ 50 143 [M + H— CgHgNH2] * 80 206 [M—H — CHoCHp]~ 20
s E‘““@ 258 [M + Na]* 25
Flutriafol (301)
OH
. @é_CHZ_N_N 302 [M +H]* 20 300 [M— H]~ 10 302 [M + HJ" 100 300 [M— H]~ 10
@; € 324 [M + NaJ* 100 204 [M—H — FGsHs]~ 100 233[M + H— Cp HNg]* 15 204 [M— H — FCsHs] ™ 100
Pyrimethanil (199)
v
NY/N CH, 200 [M + H]* 100 198 [M— H]~ 100 200 [M + H} 100 198 [M— H]~ 100
N>~ |
CH,
Triadimefon (293)
ou@ o-er-cooie ), 294 [M + HJ* 10 292 [M— H]- 100 294 [M + HI" 100 292 [M— H]~ 100
Ny 316 [M + NaJ* 100 225 [M + H— CoHN3]* 50 127 [M— H — CICeH40]- 10
<N i/ 197 [M + H — C2HN3CoH4) ™ 50
Tebuconazote (307)
g
C'@C“fc“:g‘i'c“: 308 [M + H]* 25 223[M—H — C3N3Hs]~ 100 308 [M + H} 100 306 [M— H]~ 25
e e 330 [M + NaJ* 100 223[M—H —C3NzHs]~ 100
v
Bitertanel (337)
CI)H cIHg
R T - 338 [M + H]* 20 169 [GHeO ] 100
AN 269 [M + H — CoHNg]* 100
«N ) 99 [CH,COHC(CHs)a] ™ 100

cct

12T-6TT (¥002) 0S0T V J6orewolyd r/ [e 18 eies-uent 'y
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Table 3 Table 4
Detection limits (ng injected) obtained using full-scan mode with both in- Influence of water volume on the extraction efficiency
terfaces APCI and ESl in Pl and NI modes at fragmentor voltage of 100V

Pesticide SPE volume (ml) SBSE volume (ml)
APCI ESI
- = 10 25 50 100 10 25 50 100
PI NI PI NI _

- Carboxin 88 105 95 52 55 58 20 28
Carboxin 0.25 1 10 25 Flutriafol 87 100 95 102 65 63 30 11
Flutriafol 0.25 025 10 25 Pyrimethanil 95 102 97 101 57 50 25 17
Pyrimethanil 0.25 @5 5 25 Triadimefon 96 99 93 114 97 97 50 29
Triadimefon 0.25 @5 10 125 Tebuconazole 60 111 102 111 60 53 26 11
Tebuconazole 0.25 25 5 25 Bitertanol 103 112 110 105 44 44 26 18
Bitertanol 0.25 125 - -

3.2. Optimization of the extraction procedures cating 15 min with 0.5 ml of either methanol or acetonitrile

[9,13,14,23-25]

SPE and SBSE are significantly influenced by the aque-  Extraction efficiencies for a wide variety of compounds
ous volume selected, the amount of sample processed anddepending on the polarity) can be improved increasing ionic
the ionic strength of the medium. A set of experiments to strength since high ionic strength reduces their water sol-
determine the effect of these parameters in the recoveries ofubility. As SBSE provided recoveries below 90% for most
the studied compounds was designed. The elution step ha®f the studied fungicides, this effect was tested adding 10,
already been widely studied in the literature for both tech- 20 and 30% (w/w) of sodium chloride (NaCl). The recovery
niques, and it is state that the best eluent for SPE is a mixtureof all fungicides was increased in proportion to the amount
of dichloromethane—methanol since it provides highest re- of sodium chloride, and double recovery percentages are
coveries and cleanest extracts, and that the best desorptiochieved using the highest amount of 30%, which was added
of the compounds from the stir bar is accomplished soni- to the samples processed by SBSE. The recoveries obtained

PI 9~ NI
0] /CH3 -)C‘
X Hw O
S

(A)

HY C=N
SR [
(0]
O CH,

0] ‘/CH3 CH,
A, O SeAE

f L

0

S I ?_
TDH Q{ @@F N

Fig. 1. Mass fragmentation patterns observed in Pl and NI modes for (A) carboxin and (B) flutriafol.
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Table 5 of flutriafol, and higher grape amounts (from 7 to 10 g) were

Influence of grape amount on the extraction efficiency negative for all fungicides. The amount of 5 g of grape was

Pesticide SPE amount of SBSE amount of used for the following experiments, since it provided accept-
matrix (g) matrix (g) able recoveries and good sensitivity for all studied fungicides
2 5 7 0 2 5 v 10 by both extraction techniques.

Carboxin 13 33 10 35 3 15 14 13 The pH of the spiked samples oscillated from 4.1 to 4.3.

Flutriafol 95 100 33 93 80 45 9 14 The pH of the unspiked grape matrix and that of the spiked

Pyrimethanil 14 60 28 57 69 65 13 12 ; ;
Tradimefon 79 72 65 72 100 105 26 9 grape matrix were controlled to ensure that are equivalent.

Tebuconazole 68 98 99 95 92 51 31 13 Optimization of sample pH was not carried out because aI_I
Bitertanol 96 97 100 79 27 21 13 10 the analytes are protonated at low pH because they contain
basic nitrogens, which enhanced their water solubility. These
by SPE (see the data presented below) do not require the Sa@nalytes are stables in aqueous _solutlons atslightly _aC|d pH.
" he sample pH lower 4 can negatively affected the solid phase
addition. . . .
stability. Because of this, the sample pH was considered ap-

Different water volumes (10—-100 ml) were tested as it is . . . : : .
showninTable 4 The recoveries obtained using SPE for these propriate since it provides acceptable recoveries, which are
comparable for flutriafol, tebuconazole and bitertanol to those

range of volumes are around 100% and almost independent’, , * ) . RN
of the aqueous volume passed through it, except for carboxin,Obtalned n the expen_ments performed W'th.d'.smled Wa_te_r.
the recovery of which is reduced to the half for volumes up In-addmon, SBSE is an aQsorptlon equilibrium and it 'S
to 50ml. and for tebuconazole that is recovered on a 40% V€YY influenced by the extraction time and temperature. Dif-
less whén the sample volume is less than 25 ml. For SBSE ferent extraction times were studied to obtain the sorption
the results are quite different. The lower the sample volume time profiles, which are presented fig. 2 A 120 min ex-

. . . . Otraction time was selected for SBSE to avoid unreasonable
is, the higher the recovery obtained. SBSE recoveries range L halvsis time. Equilibrium was not reached for anv of the
from 42 to 98% using 10 ml of water, and are maintained for y - =4 y

] . . studied pesticides. However, quantitative analysis can be car-
25 ml of water, suffering an important decrease for higher .
. ried out because the samples are extracted exactly the same
volumes that lead to recoveries from 20 to 50% for 50 ml

and from 5 to 25% for 100 ml. A water volume of 25 ml was time and ahalytlcal sens!tlvny Is rather sqtlsfactory. .
. . . In quantitative analysis one of the major problems is the
selected for further experiments as a compromise to obtain

. A . suppression/enhancement of the analyte signal in presence
appropriate sensitivity with a water volume that achieved the . .
; . . ) of matrix components, which has been reported by many
dissolution of an appropriate quantity of grape.

. i ; - authors[19-21] Response suppression caused by sample
The influence of grape matrix on the extraction efficiency ) . . .
P . matrix components using the ESI interface has been widely
of SPE and SBSE was checked diluting different amounts . ; ; .
. . . discussed in the literatuf@0-21]} However, the informa-
of grape in 25 ml of watefTable 5illustrates the results in ) : :
. tion about the effects of this class of interferences on APCI
terms of recovery for SPE and SBSE. The matrix reduces the. . -
. : . . . interface is more conflicting.
recovery obtained by SPE for carboxin, pyrimethanil and tri-

X . ; This interference can be established comparing the sig-
adimefon whereas that obtained for flutriafol, tebuconazole . . . ) . .
i nal intensity obtained in a standard solution (methanol) with
and bitertanol are scarcely affected. Although the amount

of grape tested (between 2 and 10g) shows negligible ef- those obtained in matrix matched standards. This was carried
fect on recovery, the variability of the results is greater with out for both proced_ures. Using SPE a slight e_nhancement of
amounts up to 5g. The effect of the grape matrix in the re- the response (ranging from 0 to 15%) depending on the com-

coveries attained by SBSE presented a strong relation withpound was noted whereas using SBSE the response of the

the grape amount. Grape amounts of 2 g only reduced the re_standard prepared in methanol and the standard prepared in

covery of carboxin and bitertanol respect to those obtained in matrix extract was the same. The absence of matrix effect

pure water, grape amounts of 5 g also decreased the recoverifsmg SBSE is an interesting characteristic of this technique
' hat has already been reported in the literafar.

The use of matrix-matched calibration standards was not

100 —x .
e —+— Carboxin necessary to compensate for signal enhancement of target
80 —= —=— Flutriafol analytes in matrix solution compared to their response in pure
& 60 B oo / —4— Pirymethanil solvent since the enhancement is really low.
o i . —»— Triadimefon
§ 40 - /;‘/‘/ —#— Tebuconazole 3.3. Validation
g /”/- ,,I——_._;,A ' '
= 2 r:/_/f’—\k__", —e— Bitertanol
0 Table 6shows the mean recovery and precision obtained
y e T‘,m;‘;grm) 130 200 by SPE from samples spiked at the limit of quantification

(LOQ) levels and at around 10 times the LOQ levels. LOQs
Fig. 2. Effect of stirring time with the PDMS stir-bar on the recovery of the Were calculated according to the European Union Guidelines
studied pesticides. Amount of each pesticide in solution: 50 ng. as the lower concentration that provides repeatabilities lower
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Table 6

Recovery and R.S.D.s of the studied fungicides in grape samples spiked at LOQ and at 0-F ifugkfOQ x 10) obtained by SPE

Compound Concentration (mgky) Recovery (%4 R.S.D.,n=5 Concentration (mg kat) Recovery (%4 R.S.D.,n=5
Carboxin 0.003 6417 0.1 91412

Flutriafol 0.005 100+ 8 0.1 99+ 6

Pyrimethanil 0.008 66:-10 0.1 10A9

Triadimefon 0.01 %9 0.1 102+5

Tebuconazole 0.005 988 0.1 98+ 5

Bitertanol 0.003 96-7 0.1 1044

than 20%. Fungicide recoveries were between 60 and 100% afor triadimefon and the R.S.D.s from 10% for triadimefon
the lowest concentration, and between 91 and 107 at the highto 19% for carboxin and bitertanol at the lowest concen-
est one. The relative standard deviations (R.S.D.s) were fromtration whereas at the higher one, the recoveries were be-
7% (bitertanol) to 17% (carboxin) and from 4% (bitertanol) tween 17% forcarboxinto 101% for triadimefonwithR.S.D.s
to 12% (carboxin) for the lowest and highest concentration. < 17%. The LOQs were 1@gkg™! for all studied fungi-
The LOQ obtained, considering it as the lowest concentra- cides. Characteristic examples of LC—MS chromatograms of
tion for which the recovery and repeatability were acceptable, grapes spiked at LOQ level and non-spiked grapes samples
ranged from 3to 1Q.g kg~1. Recovery only depends on con-  are shown irFig. 4. It is remarkable the lack of interfering
centration for three compounds carboxin, pyrimethanil and peaks and the low background noise compared with the chro-
tebuconazole. The difference in recovery was only applied matogram obtained by SPE. The comparison of both chro-
to the determination of the analyte concentration in the real matograms also pointed out the higher sensitivity of SPE.
samples when its concentration is close to the LOQ. Chro-  Table 8compares the parameters indicative of the analyt-
matograms of the SBSE-LC-MS analysis of an unspiked ical performance of the two methodologies described. SPE
grape sample and grape sample spiked at 0.01 my kf provided LOQs slightly lower than those obtained by SBSE
each compound are illustratedHig. 3A and B. (three times as much), recoveries higher and R.S.D.s lower
Table 7reports the same data but corresponding to the than those obtained by SBSE. The low recoveries, higher
SBSE. Therecoveries ranged from 15% for carboxin to 100% R.S.D.s and worse LOQs obtained by SBSE compared to
those from the SPE can be explained because the SBSE is
based on reaching adsorption equilibrium whereas SPE is a

45000
» 40000
S 35000
5 30000 o o000
5 g
15000 g 30000
10000 £ 25000
5000 < 20000
"0 16000
: X . 1
(A) 0 2 4 6 3 100 12 14 16 18 min s004 e
0 : : -
(A" o 2 4 6 8 10 12 14 16 18 min
45000
» 40000 45000
S 35000 40000
S 30000 £ 35000
S 25000 3 S 30000
< 20000 | 2 25000
15000 ) 4 3 < 20000 3
10000 4
o0 15000 5
: 10000 L2 6
B0 oA 6 8 o 12 14 16 1§ min 2000
®" 0o 2 4 6 8§ 10 12 14 16 18 mn
45000 3
» 40000
2 35000 45000
£ 30000 g 40000
S 25000 5 35000
2 20000 g 30000 3
15000 2 25000
10000 < 20000
5000 15000
0 ' . : , , ‘ , : 10000
© "9 2 4 6 8 10 12 14 16 18 min 5000 —~/

0 - - : . . : . -
© 0o 2 4 6 8 10 12 14 16 13 min
Fig. 3. LC-MS chromatograms in SIM mode obtained after SPE of (A) un-
treated grape sample, (B) untreated grape sample spiked at 0.0ffgkg Fig. 4. LC-MS chromatograms in SIM mode obtained after SBSE of (A)
of each compound and (C) grape sample that contains 0.05mgkg untreated grape sample, (B) untreated grape sample spiked at 0.01#g kg
of pyrimethanil. Peak identification: (1) carboxin, (2) flutriafol, (3) of each compound and (C) grape sample that contains 0.05 mMgddy
pyrimethanil, (4) triadimefon, (5) tebuconazole and (6) bitertanol. pyrimethanil. Peak identification as kig. 3.
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Table 7

Recovery and R.S.D.s of the studied fungicides in grape samples spiked at LOQ and 10 times LOQ obtained by SBSE

Compound Concentration (mgky) Recovery (%4 R.S.D.,n=5 Concentration (mg kat) Recovery (%4 R.S.D.,n=5
Carboxin 0.01 1519 0.1 1H17

Flutriafol 0.01 45+ 17 0.1 59+ 16

Pyrimethanil 0.01 6516 0.1 7314

Triadimefon 0.01 10&10 0.1 1048

Tebuconazole 0.01 5512 0.1 57+ 15

Bitertanol 0.01 2019 0.1 25+ 16

non-equilibrium process, based on partitioning between the the chromatogram of the sample extracted by SPE&ndC

aqueous extract of the sample and the solid-phase. displays the chromatogram of the sample obtained by SBSE.
The linearity was evaluated at five concentrations, from Excellent conformity is obtained by both procedures.

the LOQ to 100 times the LOQ, showing correlation coeffi-

cients higher than 0.995 for SPE and 0.994 for SBSE. These

coefficients (0.99) are relatively poor compared to conven- 4 ~qnclusion

tional calibration techniques (0.999) because the extraction

Is included as it has been pr(_ewously reporf2al. _ The studied compounds have been well characterized by
Other advantage of SPE is that is more rapid to perform 4| the atmospheric pressure interfaces (API) sources and in
that SBSE since itis not dependent on the sample eqwhbrlum Pl and NI mode. The analysis of the six studied fungicides by
time. However, SBSE presents some advantages with reSpeckpg and SBSE has demonstrated to be an interesting alterna-
to SPE as it reduces the organic solvent required, providesy e 15 more conventional methods that are usually more time
cleanest chromatogram and less matrix interference eﬁethonsuming. SPE is more effective than SBSE to extract tria-
(in sp?te that this effect can be considered negligible in both zole, anilides and pyridines from grapes because it provides
techniques). . higher recoveries, lower R.S.D.s and best detection limits.
LOQs obtained by both procedures were always lower |, 5 qgition, the SPE procedure described is relatively sim-
than MRLs established by the H], Codex Alimentarius 1o ang rapid. However, both procedures can be applied to
Commission of FAO/WH(26], Food and Drug Adminis-  getermine bitertanol, carboxin, flutriafol, pyrimethanil, tebu-

tration (FDA) from the USA[27] and Spanish legislation  .onq;0le and triadimefon in real grape samples with compa-
[28], which are in the interval of 0.05-2 mgky for biter- rable results.

tanol, 0.2 mg kg? for carboxin, 0.01 mg kg! for flutriafol,
5mg kg for pyrimethanil, 2 mg kg? for tebuconazole and

2 mgkg? for triadimefon.
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