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Abstract

A method for simultaneous analysis of eight azolic fungicides: cyproconazole, diniconazole, tetraconazole, thiabendazole, flusilazole,
triadimenol, triadimefon, carbendazim and the degradation product 2-aminobenzimidazole in wine samples is described. The compound
are isolated from the samples and concentrated by solid-phase extraction on polymeric cartridges. The determination is carried out by liqui
chromatography with mass spectrometric detection in positive ionization and selected ion monitoring modes. The influence of parameter:
such as the mobile phase composition, column temperature, corona current and fragmentor voltage is studied and the proposed method
validated. Recoveries of the nine compounds added to wine samples range from 83 to 109%, with relative standard deviations below 10%
The quantitation limits are between 9 andi3j/L. Real wine samples are analyzed by the proposed method, also.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction resistance phenomena have led to the synthesis of new com-
pounds, belonging to the same chemical family, but with bet-
There are many pests and diseases that affect negativelyer characteristics. For this reason, nowadays there are some
to vineyards, influencing the vine physiology and, therefore, well-known products in use, simultaneously with new ones,
fruit yield and quality. The need for phytosanitary treatments so their apparition altogether in some samples is possible.
in vineyards has the disadvantage of potential appearance oBecause of that, it is necessary to have an analytical method-
pesticide residues in grapes that can pass into must and mayplogy able to determine the residues of these fungicides in
remain in wine, affecting not only the wine-making process wine samples.
but also the wine quality and, thereby, entering the food chain  Numerous analytical methods for determining pesticide

[1-3]. residues in different fruits and vegetables have been reported,
Among the chemical compounds that winegrowers can also in grape, must and wine. In these latter, some of the com-
use to control pests in vine/ifis vinifera L.) azolic pesti- pounds here considered have been studied, mainly benomyl,

cides are very usual, mainly as fungicides. Some of them carbendazim and thiabendazole, usually in conjunction with
have shown till now a good efficacy, but the apparition of other compounds with different chemical moiety, but never
the entire group of azolic compounds. The techniques usu-
- o ) ) ) ally employed to determine residues of azolic compounds are
Presented at the Fourth Scientific Meeting of the Spanish Society of ied. alth h the ch ¢ hi th d .
Chromatography and Related Techniques, Madrid, 5—7 October 2004. varied, althoug € chroma ,Ogra,p IC ones are the predomi-
* Corresponding author. Fax: +34 983 423013. nant. Gas chromatography with nitrogen—phosphorous, elec-
E-mail addressmjdnozal@qa.uva.es (. Nozal). tron capture or mass spectrometric detection has been widely
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used4-12], in many instances to develop multiresidue anal-
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centrations (10-1000g L 1) to prepare a calibration graph

ysis methods where some azolic compounds are includedwere made daily by an appropriate combination and a se-

[13-16] However, taking into account that the target com-
pounds usually have a low volatility and are thermally labile,

rial dilution of standard solutions with water; coefficients of
correlationr2, were 0.990, at least. All standards and stock

liquid chromatography seems to be the best choice, so there issolutions were stored in glass-stopper bottles &G4

an increasing number of referend&—32]where this tech-
nique with ultraviolet (UV), diode array (DAD) and mass

spectrometric (MS) detectors turns out to be an excellent so-

lution. More recently, capillary electrophoregi33—35] is

showing good features to analyze compounds of this chemi-

cal family.

To prevent matrix-induced effects that give apparent re-
coverieq36]itis necessary to select adequately the extraction
and clean-up procedures; although liquid—liquid extraction
with different solvents is frequently recommendgd 9,37]
nowadays, solid-phase extractifi12,13,23—-28]Jor solid
phase microextractiof®,30,38]are being preferred. More-

over, the last ones allow the simultaneous concentration of the

analytes. In this paper, we report the optimization and valida-
tion of a method using solid-phase extraction on polymeric
cartridges and a combined HPLC—APCI-MS technique that
allows the sensitive determination of all possible residues of
nine azolic fungicides, including a degradation product, in
wine samples.

2. Experimental

2.1. Material and chemicals

The fungicides (cyproconazole, diniconazole, tetracona-
zole, flusilazole triadimenol, triadimefon, carbendazim and

the degradation product: 2-aminobenzimidazole) were sup-

plied by Dr. Ehrenstorfer GmbH (Augsburg, Germany) and

thiabendazole standard by AccuStandard (New Haven, CT,

USA) all of them with a minimum certified purity of
98%. Table 1shows the chemical characteristics of the
compounds.

HPLC-grade methanol, acetonitrile and 2-propanol were
obtained from Labscan Ltd. (Dublin, Ireland). Ammonium

Recovery tests were carried out by adding known volumes
of a mixed standard solution to the wine samples. The con-
centrations of the fungicides in wine were 0.05, 0.50 and
2mg L. Rose, red and white wines were spiked.

2.3. Solid-phase extraction procedure

The extraction procedure was studied on samples of 10 mL
of rose wine spiked with 5ag L~ of each compound. The
influence of the following aspects was evaluated. The volume
of wine sample was changed from 10 to 75 mL, considering
an 1:1 dilution of the sample with water, also. The extract
retained on the stationary phase was eluted with 6 mL of wa-
ter, water/methanol, water/2-propanol, water/acetonitrile and
water/ethanol; the latter in a proportion 90/10. The neces-
sity of drying the cartridges was also investigated; cartridges
were dried by passing nitrogen through them during 5, 15
and 30 min. Finally, the volume of methanol to elute the re-
tained compounds was varied between 1 and 6 mL. The type
of wine: white, rose or red was also considered. All the assays
were made in triplicate.

The final method for the sample preparation consisted of
the extraction of 50 mL of wine samples (red, rose or white)
diluted with water (1:1, v/v) which were loaded on a SPE
polymeric cartridge (previously conditioned with 6 mL of
methanol and 6 mL of water) at about 5mL/min using a
suction system. Then, the analytes were eluted with 3mL
of methanol by gravity; an aliquot of the collected liquid,
whose final volume was not verified, was injected into the
HPLC system.

2.4. Instrument: MS and HPLC conditions

An Agilent Technologies (Palo Alto, CA, USA) 1100 Se-

acetate, glacial acetic acid and ammonium hydroxide were ries LC//MSD system consisting of a vacuum degasser, a qua-
purchased from Scharlab (Barcelona, Spain). Ultrapure wa-ternary solvent pump, an autosampler with a column oven and
ter was obtained in a Milli-RO plus system together with a a MSD coupled with an analytical workstation was used. The

Milli-Q system from Millipore (Bedford, MA, USA). All the
solvents and solutions were passed through a0 Hylon
filter from Phenomenex (Torrance, CA, USA) before use.

mass detection system was equipped with a standard APCI
source.
A Synergy Max-RP C12 (250 mix 4.6 mm, 4um) col-

For SPE, Oasis HLB (200 mg) cartridges were supplied by umn and a guard-column Security Guard Max-RP C12
Waters (Milford, MA, USA). (4.0mmx 3.0 mm), both from Phenomenex (Torrance, CA,
USA) were used to separate the analytes.

As regards the separation, the influence of some work-
ing conditions was studied. Thus, the percentage of organic

Stock solutions of diniconazole, cyproconazole, flusi- modifierin the mobile phase consisting of 10 mM ammonium
lazole, tetraconazole, triadimenol, triadimefon, thiabenda- acetate and acetonitrile was varied between 40 and 50% for
zole and 2-aminobenzimidazole were prepared in acetoni-isocratic assays, the ionic strength of the mobile phase was
trile ata concentration of 100 mg i and the carbendazimin  modified through the concentration of ammonium acetate:
methanol at 100 mgt1. Working solutions of pertinentcon- 10, 30 or 50 mM, the pH was varied from 3 to 9 by adding

2.2. Preparation of standards and spiked samples
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Molecular formula

Table 1
Chemical characteristics of the studied compounds
Name Chemical structure Molecular weight
2-Aminobenzimidazole 133
Carbendazim 191
Thiabendazole 201
Triadimenol 295
Cyproconazole 291
Triadimefon 293
Tetraconazole 371
Flusilazole 315
/
F
cl
ci 2
Diniconazole 325

OH

CrH7N3

GHgN3O2

GoH7N3S

Gi4H18CIN3O2

GsHi1gCIN3O

Gi4H16CINZO2

Gi3H11Cl2F4N30

GeH1sF2N3Si

GisH17CIoN3O
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acetic acid orammonium hydroxide, the column temperature 3.2. Mass spectrometry optimization
was increased from 25 to 538 in 10°C increments and the
assayed injection volumes were comprised 20 andu100 The first experiments to select the optimum MS parame-
In the same way, the influence of all those parameters of ters and the appropriate ions were carried out by flow injection
the APCI interface that could affect to the detector responseanalysis (FIA) of the individual solutions of the fungicides.
was studied by flow injection analysis with a mobile phase It could be observed that fragmentor voltage and, to a lesser
made up of 10mM ammonium acetate and acetonitrile in extent, corona current were the parameters that had the great-
proportion 70:30, respectively. It was verified that only the est influence on the sensitivity of the detection. In general,
corona current and fragmentor voltage affected the responsethe signal was higher in the range from 4 taA&, so a value
The first one was varied from 1 to LA and the second  of 4pA was finally selected. Moreover, the signals of the
one from 50 to 300V. Full-scan spectra were obtained by compounds increased when the fragmentor voltage increased
scanning fromm/z 100 tom/z 400. up to 150V, for higher fragmentor voltages the signals de-
The final conditions of the HPLC-APCI-MS system for creased. A voltage of 150V supplied the highest signals for
the analyses are as follows. The column temperature was setnost of the fungicides and was selected as suitable for their
at 35°C. The solvents used in the mobile phase were acetoni-analysis.
trile and a solution of 10 MM ammonium acetate in water, at ~ The acquisition data in positive ionization mode supplied
aflow rate of 1.0 mL minZ. In gradient-elution analysis, the  higher chromatographic peaks for most of the analytes in
first mobile phase was 15% acetonitrile, increased linearly comparison with those obtained in the negative ionization
to 45% in 15min and held at 45% for 35 min. A return to mode. This behaviour was expected because the studied com-
the initial conditions was carried out in 8 min. The injec- pounds have abasic character. Only the monitoring of carben-
tion volume was 8@.L. Operating conditions of the APCI  dazim, 2-aminobenzimidazole and thiabendazol in negative
interface in positive ionization mode were: vaporizing tem- ionization mode supplied slightly higher signals.
perature, 300C; nebulizer gas (I at a pressure of 50 psi; Table 2shows the relative abundances of the main ions
drying gas () ata flow rate of 6 L min' and temperature of ~ observed in the spectra for two fragmentor voltages. The
350°C; capillary voltage, 2500 V; fragmentor voltage, 150V protonated molecular ions and the corresponding isotopic
and corona current,dA. Electron multiplier voltage was set  signals were the predominant ions in the spectra except for
300 V-units above the autotune value. Time scheduled SIM carbendazim. In a previous manusctip®], a neutral loss
of the most abundant ions of each compound was used forfrom the molecule that corresponds to the triazol ring is re-
quantitation. ported for some triazolic compounds: the abundances of the
generated ions are about 50%. We have also observed these
losses for three compounds: triadimefon ([M + HHN3]*,

3. Results and discussion ion 225), flusilazole ([M +H-GHN3]*, ion 247) and triadi-
menol (M — C2HN3]", ion 228) but the abundances were be-
3.1. HPLC conditions low 4%. Perhaps, the different abundances could be attributed

to the different mobile phase compositions: methanol-water
The results of the HPLC optimization are summarized. was used as mobile phase inthe above-mentioned manuscript.

Mobile phases were prepared with acetonitrile instead of  Only for carbendazim and its degradation product 2-
methanol because the first one enhanced notably the pealaminobenzimidazole some notable ions-fragments were ob-
symmetry. A linear gradient of mobile phase was necessaryserved. For carbendazim, the loss of methanol from the
to reach the whole elution of the analytes in a reasonable methyl ester (ion 160) is a minor fragmentation while a satis-
time. The ionic strength did not alter practically the retention factory explanation for the ion at/z 134 was not found; the
of the analytes and the symmetry of the chromatographic mass differences between the pseudomolecular ion and these
peaks while the acidic pHs decreased the retention of fragments are similar to those observed in the electron im-
2-aminobenzimidazole and diniconazole. Moreover, some pact ionization spectrum of carbendazim recorded by using
compounds were degradated at pH below 4. As regards the in-a particle beam interfad&9].
fluence of the temperature, a loss of symmetry was observed SIM mode was used to obtain the maximum sensitivity in
at middle and high temperatures for the three lowest retainedthe quantitative analysi§able 2also indicates the mass-to-
compounds: 2-aminobenzimidazole, carbendazim and thi-charge {v2) ratios chosen for each compound and the time
abendazole. Finally, an injection volume of |80 was used scheduling.
because for higher injection volumes the linear capacity of
the column was surpassed: the chromatographic peaks begaB8.3. Fungicide residue extraction
to be slightly deformed and the retention times varied. loniza-
tion and corona needle dirtiness problems were not observed3.3.1. Volume sample and dilution with water
as a consequence of the use of high percentages of acetonitrile  When spiked wine samples were analyzed, carbendazim
in the mobile phase; ammonium acetate was always addedand 2-aminobenzimidazole recoveries were notably lower in
to mobile phase to improve the ionization of the analytes.  comparison with the other fungicides which was attributed
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Table 2
Main ions and their relative abundances (in %) obtained by FIA-APCI-MS at the working conditions
Group start time (min) Compound Tentative ion'%) Relative abundance, fragmentor voltage (V)
50 150
5 1 2-Aminobenzimidazole 134 [M + i} 100 100
175 [M +H + CHCNJ* 30 -
10 2 Carbendazim 192 [M+H] 15 3
160 [M + H]*—CHsOH 27 36
134 [M+HJ]*-HCN-CHO 100 100
or [M+H]*-NCO-CH-H
or -CO-Ch0?
3 Thiabendazole 202 [M+Hf 100 100
24 4 Triadimenol 298 [M +HI* 38 37
296 [M +H]*@ 100 100
294 [M—H]* 8 7
5 Cyproconazole 294 [M + HF 32 35
292 [M+H]*™@ 100 100
34 6 Triadimefon 296 [M +HI* 37 36
294 [M +HJ*@ 100 100
7 Tetraconazole 376 [M+H¥ 14 16
374 [M+HJ™ 67 74
372 [M+H]™2 100 100
8 Flusilazole 316 [M+H12 100 100
47 9 Diniconazole 330 [M +H 13 15
328 [M+H]*™ 67 75
326 [M+H]*@ 100 100

2 Jon used in SIM mode.
* Isotopic signal; M: molecular ion;: not detected.

to the ethanol content of the wine sample. So, experiments3.3.2. Washing of the cartridges after eluting the sample
involving a dilution 1:1 (v/v) of the sample with water were The cartridges were washed with different solvent mix-
devised.Table 3shows the recoveries after diluting a wine tures to test the influence of this step. So, 50 mL of wine
sample of 10mL. As it can be observed, the recoveries im- diluted with water in proportion 1:1 were eluted through
proved for all the compounds, particularly for carbendazim the cartridges. The recoveries with the mixtures of water
and 2-aminobenzimidazole. with methanol, ethanol and 2-propanol, always in propor-

The sample volume was increased up to 75 mL, keeping tion 90:10, were similar, only with the water/acetonitrile so-
constant the dilution-rate, to enhance the detection limits. Re-lution the recoveries were somewhat lower. It was verified
sults are shown iffable 3 also. The recoveries were almost that the inclusion of the washing step did not supply simpler
constant up to a volume of 50 mL decreasing for higher vol- chromatograms, so this step was removed from the sample
umes. A volume of 50 mL followed by a dilution 1:1 was preparation procedure. Finally, it was verified that the quanti-
clearly the best option. The coefficients of variation were al- tative data and chromatograms were also similar after drying
ways comprised between 2 and 5b6=(3). or not the cartridges before eluting the analytes.

Table 3
Recoveries and coefficients of variation (both in percentage) obtained in the solid-phase extraction after conditioning the cartridges witletharoband
6 mL of water and loading different sample volumes diluted with water3)

Recovery (coefficient of variation) in percentage

Volume of wine (mL): 10 10 20 50 75

Volume of water (mL): 0 10 20 50 75

2-Aminobenzomidazole 38 (4.2) 596 (2.8) 595 (3.2) 593 (2.9) 432 (4.8)
Carbendazim 54 (3.6) 692 (3.1) 701 (2.8) 687 (2.9) 531 (3.6)
Thiabendazole 83 (3.2) 859 (3.3) 865 (3.1) 852 (2.7) 755 (3.5)
Triadimenol 853 (3.0) 903 (2.5) 889 (2.9) 906 (2.6) 757 (3.6)
Cyproconazole 96 (3.8) 987 (3.4) 961 (2.4) 979 (2.8) 854 (2.5)
Triadimefon 924 (2.4) 964 (2.9) 984 (2.8) 986 (2.7) 794 (4.6)
Tetraconazole 9B (3.2) 989 (2.2) 972 (3.1) 984 (3.2) 871 (3.4)
Flusilazole 954 (2.6) 977 (3.2) 961 (2.3) 980 (2.4) 900 (3.0)

Diniconazole 100 (2.5) 1028 (2.1) 989 (3.1) 1006 (2.9) 889 (2.8)
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3.3.3. Elution of the extract
Methanol was the best solvent to elute the analytes from

the cartridges. The use of solvents such as acetonitrile, ace-

tone and ethyl acetate was initially considered. A volume of

3 mL of methanol was chosen to elute the compounds because

from a volume equal or higher than 3 mL the recoveries were
similar.

In conclusion, the solid-phase extraction involves the use
of Oasis cartridges conditioned with 6 mL of methanol and
water, the elution of 50mL of sample diluted with wa-
ter and the subsequent elution of the extract with 3mL
of methanol without any washing or drying of the cartri-
dges.

3.4. Validation of the procedure for HPLC-APCI-MS

Validation was carried out following the ICH guidelines
[40] and IUPAC technical report of 20J21], determining
selectivity, limits of quantitation and detection, linearity,
precision and trueness. Selectivity was checked by injecting
extracts of non-spiked wine samples; it can be deduced from
Fig. 1 that there are not interferences in the extracts of a
red wine. The same happened for white and rose wines.

The proposed conditions generated narrow and reproducibleIi

chromatographic peaks, except for cyproconazole due to
the coelution of two isomers. AWz ratio characteristic

of each fungicide was used to monitor them because
flusilazole and thiabendazole had not another high ions in
the spectrum: their isotopic signals were low. Obviously, the
monitoring of two or three ions for each analyte increases the
selectivity.

The detection limit (LOD) and quantitation limit (LOQ)
were determined injecting a number of extracts of non-spiked
wine samplesr(=6) and measuring the magnitude of the
background analytical response. We estimated the LOD and
LOQ as three or ten times the signal-to-noise ratio, respec-
tively. Noise was similar regardless the wine matrix: white,

red or rose. The values obtained, for each compound, are

listed inTable 4
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Table 4

Slope, linearity, detection limit (LOD) and quantitation limit (LOQ) obtained
after applying the proposed method and using a calibration graph made from
extracts of spiked samples

Compound Slope Linearity LOD LOQ
(%) (ng/ll)  (pgll)
2-Aminobenzoimidazole 826 99.36 6 23
Tiabendazole 1066 99.79 8 27
Carbendazim 4981 99.76 4 14
Triadimenol 1190 99.70 7 31
Cyproconazole 4033 99.71 7 28
Triadimefon 13485 99.78 3 12
Tetraconazole 3405 99.72 7 28
Flusilazole 6690 99.79 6 21
Diniconazole 5195 99.79 2 9

With the aim of estimating the linearity of the calibra-
tion graph we used now a matrix-standard calibration: wine
samples were spiked with variable amounts of fungicides,
between 20 and 15Q0yL~?1, and subjected to the same
treatment as the samples. The extracts obtained were con-
sidered as standards to obtain the calibration graphs. Plotting
the peak areas versus the concentration for six standards, the
graphs obtained were straight lines of intercept not signif-
icantly (p<0.05) different from zero, which confirmed the
nearity through the range studied and the lack of bias. The
slope and linearity obtained for each compound are listed in
Table 4

The precision (repetitivity) was evaluated by the same an-
alyst; six determinations were made on a same spiked wine
sample and for three different concentrations: 0.05, 0.5 and
2mgL~L. Results showed that the coefficients of variation
were lower than 10%. Recovery and trueness were deter-
mined on spiked samples of red, white or rose wines at the
three above-mentioned concentration levels. The mean re-
coveries ranged from 83.3 to 108.8%able 5shows the
mean results obtained for the three types of wine after the
matrix-standard calibration. An analysis of variance made
with the raw data revealed the absence of significant differ-
ences (0 <0.05) between the assayed levels of spiking and
between the three types of wine.

Abundance The validated method was applied to the determination of
400000 1 6 possible fungicide residues in wine. A set of 60 wine samples
350000 Table 5
300000 4 Mean recoveries and precisions (both in percentage) for the concentrations
250000 4 3 0.05, 0.5 and 2 mgt?! after spiking the wine samplea € 6)

2000004 5 8 Recovery (coefficient of variation) (%)
7
150000 4 2 9 White wine  Red wine Rose wine
1000004, 4 2-Aminobenzoimidazole 88 (7.8) 833 (7.9) 915 (8.6)
50000 4 Thiabendazole 102 (6.5) 945 (5.7) 967 (5.9)
0 )L_..JJ Carbendazim 108 (9.1) 1088 (8.4) 1026 (8.4)
10 20 30 20 50 Triadimenol 998 (5.6) 994 (7.0) 990 (6.7)
Ti . Cyproconazole 99 (8.0) 948 (8.4) 948 (7.5)
ime (min) Triadimefon 10Q (5.9) 1023 (4.4) 1019 (6.8)
) ) Tetraconazole 102 (4.6) 1045 (6.6) 977 (7.1)
Fig. 1. 'HPLC.—APC_I—MS (in SlIM mode) chromatograms of an e_xtract of  Fusilazole 100 (7.7) 995 (6.0) 984 (6.5)
rose wine spiked with 5g L~ of each compound and a non-spiked red  pipiconazole 9?2 (7.1) 946 (8.0) 993 (8.1)

wine. SeeTable 2for peak identification.




96

collected in three Apellations of Origin of our Country were

selected to analyze the residues of these fungicides, none of

them gave results over the detection limits.

4. Conclusions

A sensitive method for the simultaneous determination of
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