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Residues of Azoxystrobin from Grapes to Raisins
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Azoxystrobin, a fungicide of the strobilurin group, has an European Union maximum residue level
(MRL) of 2 mg/kg for grapes. This work aimed to assess residues on fresh and washed grapes and
on raisins following processing with (i) alkali treatment and sun drying and (ii) sun drying only.
QUADRIS 25% SC was applied according to good agricultural practice for two consecutive years on
a typical cv. Thomson seedless and a seed-producing clone. Samples were collected 0, 15, and 21
days postapplication and analyzed using gas chromatography/electron capture detection; recoveries
were 86 + 12% for grapes and 99 + 15% for raisins. Residues on grapes were 0.49—1.84 mg/kg,
and washing removed 75% of the residue. Residues in raisins produced from seedless grapes were
0.51—1.49 (treatment 1) and 1.42—2.08 mg/kg (treatment 2), with residue transfer factors sometimes
>1, even following alkali treatment, which reduced residues considerably. To avoid trade problems,
a higher MRL for raisins is necessary.
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INTRODUCTION caused by the drying process or the concentration or dilution

Azoxystrobin [methyl (E)-2-{ 2-[6-(2-cyanophenoxy)pirimi- caused by processing) Trials carried out in Greece by the
din-4-yloxy]pheny} -3-methoxyacrylate], with the structure Manufactureron the Black Korinth variety of grapes have shown
shown in the figure below, is a systemic fungicide of the that residues in raisins are higher than in the fresh commodity

strobilurin group with protective action and is registered in (UnPublished proprietary data).

Greece for grapes to contrBlasmoparaviticola andUncinula Procedures used in industrial food processing and domestic
necator. cooking frequently have dramatic effects on residue levels

(5—7). In most cases, large decreases in residues occur, as shown
PN by Schattenberg et al. (8) in a study to determine the effects of
N N normal household preparation on pesticides in many food
)\/IK commodities. However, residues may concentrate in processed
o (Y commodities following certain procedures. The ratio of the
N residue in the processed commodity to that in the raw com-
T CO,CH, modity is referred to as the transfer factor (TF). If this ratio is
greater than 1, the residue is said to concentrate upon processing.
It has been evaluated in the European Union (EU) in the Studies on the effect of processing and the determination of
framework of 91/414/EEC Council Directive (1) as a new TFs have been recognized among the main priorities in the
molecule and was approved in 1998 as an active substance oProcess of MRL setting9) and for enabling a more realistic
minimum purity 930 g/kg containing 25 g/kgisomer (2). It ~ exposure assessment and risk management (10).
is a compound with no particular toxicological concerns, with ~ The aim of this work was to assess the magnitude of residues
an acceptable daily intake (ADI) for man of 0.1 mg/kg b.w./ of azoxystrobin on fresh grapes of the typical cv. Thomson
day. On the basis of critical good agricultural practice (GAP) seedless (Sultana) and a seed-producing clone and on raisins
in Europe, which refers to uses in Northern countries, the value produced from these after the two types of processing commonly
of 2 mg/kg was set as the EU maximum residue level (MRL) Used, i.e., sun drying alone and sun drying after treatment with
for grapes (3). According to the current EU legislation, in the @ solution containing 3% ¥COs and 1% ethyl oleate.
case of dried or processed products for which maximum levels
are not explicitly fixed, the MRL applicable is that for the fresh MATERIALS AND METHODS
product taking into account, respectively, the concentration

C HsCO.

Chemicals and Apparatus. Azoxystrobin formulated material
(QUADRIS 25% SC) and analytical standard of 91% purity were kindly

* To whom correspondence should be addressed. 8D 210 2827202.

Fax: +30 210 2942129, E-mail: lizavram@otenet.gr. provided by Syngenta. All sqlvents were of pe;tlmde residue anglysns
t Present address: Ministry of Rural Development and Food, Department grade. Stock standard solutions of azoxystrobin at a concentration of
for Pesticides. 1000ug/mL were prepared in toluene..,80; and ethyl oleate were
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commercial products used widely for drying grapes of the Thompson a random batch of 100 raisins was weighed for each sample for
seedless variety. Fungicide determinations were carried out using acomparison with the mass of 100 fresh berries.
Hewlett-Packard (Avondale, PA) 5890 Series Il gas chromatograph,  Analysis. A multiresidue gas chromatographic (GC) method with
with electron capture detection (ECD) operated at 30P0a Hewlett- ECD was used for the extraction of azoxystrobin residues from grapes
Packard 7673 autosampler, and a sgplitless injector operated in and raisins (12). For grapes, this involved extraction of a 25 g
the splitless mode (22TC, 60 s, 1uL). The carrier and makeup gases homogenized sample with 50 mL of toluene and 25 mL of propan-2-
were helium (1.2 mL/min) and nitrogen (50 mL/min), respectively. An ol using an Ultra-Turrax, removal of propan-2-ol by washing twice
HP-5MS (5% phenylmethylpolysiloxane) fused-silica column with with water (125 mL of 2% Ng5O, solution each time), and cleanup
dimensions 30 nmx 0.25 mm i.d.x 0.25x4m film thickness was used. of the pesticide-containing toluene phase with 1 g ofaaisorbent
The oven temperature program was as follows:°@phold 1 min; 15 mixture of Celite and activated charcoal (1:3, w/w) after which the
°C/min to 260°C; 3 °C/min to 290°C, hold 5 min. extract was filtered. For raisins, the sample was first mixed with distilled
Field Trials and Sampling. Treatments with QUADRIS 25% SC ~ Water (1:1 w/w) (13). This method gave extracts with 0.5 and 0.25 g
were applied for two consecutive years by knapsack sprayer at the endsample/mL for grapes and raisins, respectively. Each sample was
of veraison (mid-August) using the application rate recommended in analyzed in duplicate. The residue concentrations in extracts were
Greece, i.e., 0.025 kg active substance (a.s.)/hL, equivalent to 0.255determined under the conditions described previously. The retention
kg a.s./ha. In the first year, the pesticide was applied to 40 vines of the time of azoxystrobin was 22.9 min, and there were no interference peaks
Thomson seedless Variety (Suitana) growing in the Research Foundajn this region of the Chromatoghaph. Initial tests to assess the matrix
tion's vineyards in Athens in a well-drained clay soil. Six of the vines ~€ffect on calibration (14), involving the use of standards in solvent
were of the typical seedless variety, producing small berries, while the and standards in grape or raisin extract, showed no significant matrix
remaining 34 were of a Seed_producing clone with approximateiy three effect dUring GC analySiS. However, matrix-matched standard solutions
times larger berry size. In the following year, the trials were carried Were used for analysis, since they are routinely used in our laboratory.
out in a vineyard in the region of Korinth in the North Peloponnese on Quantification was carried out using calibration curves wittb3evels,

nine vines of the typical Thomson seedless variety producing small Which covered the appropriate concentration range (typically 0.Q
berries. ug/mL). Recovery tests for grapes were carried out for six fortification

levels in the concentration range of 0-02 mg/kg and for raisins for

In the first year, samples were collected at times 0 (4 h postappli- L . -
Y P ( P bp four fortification levels in the concentration range of 0.1—2 mg/kg.

cation, when the spray mixture had dried) and 15 days postapplication
only, due to the low yield obtained. In the second year, samples were
collected at 0, 15, and 21 days postapplication. The recommendedRESULTS AND DISCUSSION

preharvest interval (PHI) was 21 days. In the first year, relatively small Recovery TestsThe mean percentage recovery for azoxy-
\Slgi?e‘i'esavr\:grelcsouf':t%? ?ﬁ;oi%\gz:- ?LngnzergiO%SS :‘%é’fgt‘elsseedd;ezsstrobin in grapes was 86% (& 33) with a relative standard
y > 9 p g ' Y® deviation (RSD) of 12%. Individual recoveries ranged from 68

postapplication, 6.5 kg of the seedless variety and 1.6 kg of the seed- _ e .
producing clone (all of the remaining bunches). Because of the high to 104%, and the limit of quantification (LOQ), established by

variability found between individual samples, larger samples were Carrying out replicate fortifications at this level, was 0.02 mg/
collected in the second year, i.e., 2.9 kg at day zero, 9.2 kg at 15 days,kg with a mean recovery of 102% ¢ 5) and RSD of 3.4%.
and 21.6 kg (all of the remaining bunches) at 21 days. For raisins, the mean percentage recovery was 99% 27)

Sample Preparation and Sample ProcessinGamples were placed ~ With an RSD of 15% and individual recoveries ranging from
in polyethylene bags, transported to the laboratory immediately after 84 to 130%. The LOQ established for raisins and found to be
picking, and were subjected to the following handlings on the same adequate for this study was 0.1 mg/kg, with a mean recovery
day. of 104% (n= 8) and RSD of 13.3%.

Day 0 SamplesAfter the bunches were cut into smaller pieces, the Effect of Growth on Berry Weight. No statistically sig-
whole sample was taken and divided into five replicate samples. Thesenjficant difference (p< 0.05) was found between the masses
were weighed, the stems were removed, the berries were homogenizedgf 100 fresh berries collected at 0, 15, and 21 days. Apparently,
and the sample was stored-a20 °C until analysis. the berries were fully developed at treatment. The mean masses

Day 15 SamplesApproximately a fifth of each sample was taken \yere 1324 18 (year 1) and 195 14 g (year 2) for the seedless
and treated as the day 0 sample. The remaining grapes were subdividegl/ari(_jty and 400t 29 g for the seed-producing clone.

into five replicate samples, weighed, and subjected to the commonly Effect of Drving on Berry Weight and Residues.The CE
applied treatment for processing grapes of the Thomson seedless variety ying y 9 )

to sultanas. This treatment, which is referred to below as treatment 1, of the produce was calculated for eaf:h repl'c,aie sample from
consisted of submerging each replicate sample for 3 min in 10 kg of the masses before and after processing to raisins according to
tap water containing 3% (300 g);RO; and 1% (100 g) ethyl oleate  the formula

(solution pH 11.05 at 26.8C) and exposing it to direct sunlight for 15

days to dry. After they were dried, the raisins were weighed, =Wei9ht of fresh produce (kg)
homogenized after removal of the stems, and stored24x °C until weight of dry produce (kg)
analysis.

Day 21 Samples (Year 2 Only)Approximately a fifth of each The mean values found for each experiment are givéralle
sample was taken and treated as the day 0 sample. A further similar-1.
sized portion was separated, subjected to washing by submerging ina An analysis of variance showed no statistically significant
sufficient volume of water to just cover the sample (8 L) for 10 min, difference at the 95% confidence level between the means of
and divided into five replicate_ samples. These were weighed, the stemsihe CFs for raisins produced during both years from the seedless
were removed, and the berries were homogenized and stored®at 4 ety with treatment 1 (PHIs of 15 and 21 days). The mean
C until analysis. The remaining grapes were divided into two parts. value was 4.1 0.5, which compares well with the theoretical

One of these was subjected to processing treatment 1 described abov o - )
to produce raisins. The second, after subdivision into five replicate %F from grapes to raisins of 4.7 estimated by the Environmental

samples, was left under direct sunlight to dry for 21 days. This is rotection AgencyX1) and the value of 4.0 reported by Cabras
referred to below as treatment 2. et al. (15) for cultivar Imperatrice. The samples collected 21
To assess the effect of growth on berry weight, batches of 100 fresh dyS postapplication but subjected to treatment 2 (no alkali
berries were weighed for each sample before homogenization. For Processing) and the samples from the seed-producing clone both
calculation of the concentration factor (CF) of the produce after drying, had lower mean CFs of 3.2 and 3.4, respectively. In the first
i.e., kg of fresh produce required to produce 1 kg of dry prodiit},( case, this was due to less efficient removal of water, despite
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Table 1. Calculated CFs and Azoxystrobin Residue TFs from Grapes to Raisins

residue in drying theoretical residue residue
PHI2 fresh grapes time CFd(mean residue level in raisins residue transfer
(days) (maglkg) (days) +SD, n=25) in raisins® (mg/kg) (ma/kg) loss (%) factor
year 1
seedless variety 15 1.27 150 38+06 48 0.91 81 0.72
seed-producing clone 15 0.64 15° 34+06 2.2 0.75 66 12
year 2
seedless variety 15 0.75 15b 41+05 3.1 1.35 54 1.8
seedless variety 21 0.72 150 44+03 3.2 0.92 71 1.3
seedless variety 21 0.72 21¢ 32+03 2.3 1.72 25 24

aPHI. b Alkali treatment followed by drying for 15 days. ¢ Sun drying only. ¢ CF. € The residue found in grapes multiplied by the CF.

Table 2. Azoxystrobin Residues in Fresh Grapes and Raisins

sampling residues (mg/kg) in replicates?
time (days) treatment commaodity 1 2 3 4 5 mean RSD
seedless variety
year 1 0 grapes 0.91 1.76 0.82 0.77 0.92 1.04 38
15 grapes 1.66 0.82 1.84 131 0.71 1.27 38
15 alkali and drying raisins 1.26 0.53 111 0.51 1.13 0.91 37
year 2 0 grapes 1.37 1.14 1.16 124 1.19 122 8.3
15 grapes 0.73 0.78 0.69 0.85 0.72 0.75 8.8
15 alkali and drying raisins 1.43 1.13 1.40 1.28 1.49 1.35 10.6
21 grapes 0.72 0.63 0.69 0.68 0.87 0.72 129
21 washing grapes 0.15 0.11 0.17 0.23 0.25 0.18 333
21 alkali and drying raisins 0.90 0.94 0.94 0.84 1.00 0.92 9.9
21 drying,? 21 days raisins 1.68 1.42 1.68 2.08 1.72 1.72 15.4
seed-producing clone
year 1 0 grapes 1.36 0.91 0.80 0.84 191 117 38
15 grapes 0.24 1.14 0.67 0.49 0.64 0.64 49
15 alkali and drying raisins 0.53 1.06 0.60 0.78 0.78 0.75 27

aMean of duplicate analysis of each replicate. © Sun drying only without alkali treatment.

the longer drying period, while in the second it may be attributed  Residues after Washing (Day 21)Residues in washed

to the larger berry size and the presence of pips. grapes of the seedless variety were much lower than those in
Residues in Grapes and Raisins. Table gives the results  the unwashed commodity, with a reduction of 75% (mean

determined for azoxystrobin residues in the different samples. residue 0.18+ 0.06 mg/kg). Although azoxystrobin is a

The values are the means of the duplicate analyses carried outompound with translaminar and systemic properties and low

for each sample. water solubility (6 mg/L at pH ranging from 5 to 9, ldgyw =
Initial Deposits (Day 0). A t-test assuming unequal variances 2.5 at 20°C), it would appear that deposits remained largely

showed no significant difference between the mean residues onon the grape surface following treatment and were removed to

the seedless variety for the 2 years of the study at the 95%a great extent by washing.

confidence level, and the pooled data gave a mean concentration Residues in Raisins, Treatment 1Processing with Alkali

+ standard deviation (SD) for azoxystrobin of 1£3.30 mg/ Treatment and Sun Dryindn the first year, the mean residues

kg. This was very similar to the deposits of 1.47.47 mg/kg in raisins produced from fresh grapes of the seedless variety
found for the seed-producing clone. collected 15 days after application and containing Gt9Q.36
Residues at Harvest (Days 15 or 215eedless Varietyzor mg/kg on average were lower than those in the fresh commodity

the first year of the study, there was no reduction in residues (1.27 + 0.48 mg/kg), but no statistical difference was found
during the PHI of 15 days. In contrastt#est for the second  between them at the 95% confidence level due to the large
year data indicated a significant reductiop € 0.001) in variance between subsamples. In contrast, in the second year,
residues between day 0 and day 15, from H20.09 to 0.75 the mean concentration in raisins was significanfy<(0.01)
+ 0.06 mg/kg. Because of the larger sample size and conse-higher than that in the fresh grapes (1.%50.14 mg/kg as
quently lower RSDs for the mean residues in the second year,compared with 0.75: 0.06 mg/kg). An increase in residues
data from this year are considered to be more representativefrom 0.724 0.09 in grapes to 0.92 0.06 mg/kg in the raisins
Laboratory samples had a mean mass of 640 g in year 2 aswas also observed following collection of the grapes 21 days
compared to 210 g in year 1. There was no further reduction in postapplication in the second year (p 0.01). Residues of
residues between 15 and 21 days in the second year. azoxystrobin in raisins produced from grapes of the seed-
Seed-Producing Clone (Year 1 Onl@Jthough the residues  producing clone gave a mean concentration of &c4&21 mg/
appeared to decrease with time to 0.640.33 mg/kg, no kg, which differed very little from the concentration of 0.64
significant difference was found between the means for days 0 0.33 mg/kg in the fresh commodity, in agreement with the result
and 15 (p= 0.0748) at the 95% confidence level, due to the for the seedless variety in the same year.
large variance between subsamples. In both years, the residues Residues in Raisins, Treatment 2Sun Drying without Alkali
in samples collected 15 or 21 days postapplication were alwaysProcessing (Day 21 OnlyJhe mean residue in raisins produced
below the EU MRL. from fresh grapes collected 21 days after application was 1.72
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+ 0.26 mg/kg. The higher residues as compared with those of (2) European Council Directive 98/47/EC including an active
raisins produced after treatment with alkali solution are con- substance (azoxystrobin) in Annex | to Council Directive 91/

sistent with the finding that washing substantially decreases 414/EEC concerning the placing of plant protection products on
residues on the grapes the marketOff. J. Eur. Communitie4998, L 191/50.

(3) European Commission Directive 1999/71/EC amending the

Loss of Residues on Processing. Table dlso gives the Annexes of Directives 86/362/EEC, 86/363/EEC and 90/642/
theoretical residues expected in raisins, i.e., the residues, EEC on the fixing of maximum levels for pesticide residues in
allowing for loss of water, which would be found in the raisins and on cereals and foodstuffs of animal origin and certain
if no loss of azoxystrobin occurred. The fact that the actual products of plant origin, including fruit and vegetables, respec-
residue concentrations in raisins were lower than these theoreti- tively. Off. J. Eur. Communities] 999, L 194/36.

cal values showed that in practice loss of residues occurred. (4) European Council Directive 97/41/EC amending Directives 96/
Reductions resulting from alkali treatment followed by drying SQSAEE.C.' 86/?62/ EEC, 8?/ 36?/ EfEC and %0/ 642{5EC '_re'a“r(;g
were 69+ 13% for the seedless variety and 66% for the clone fo the Ixmgt]- © | manITumdeve N t0L|peStIC' N ﬁeSIfueds {nﬁan f
| ' on, respectively, truit and vegetanles, cereals, T00dStUlls O
This was close to the percentage loss of 75% that occurred on animal origin, and certain products of plant origin, including fruit
washing grapes harvested on day 21, and it therefore seems and vegetable<Off. J. Eur. Communities| 997, L 184/33.

likely that the residue loss occurred during alkali treatment. This  (5) Holland, P. T.; Hamilton, D.; Ohlin, B.; Skidmore, M. W. Effects

conclusion is supported by the fact that reduction in residues of storage and processing on pesticide residues in plant products.
was only 25% for raisins production with drying only. Pure Appl. Chem1994,66, 335—356. . N
Residue TFs.TFs, given inTable 1, were calculated using (6) Elkins, E. R. Effect of commercial processing on pesticide
) ! ! residues in selected fruits and vegetablesAnal. Chem1989,
the formula 72, 533—535,
(7) Hajslova, J. Environmental contaminants in foodPksticides
_ residues in processed product (mg/kg) in Environmental Contaminants in Foptloffat, C. F., Whittler,
residues in raw agricultural commodity (mg/kg) 5723 Eds.; CRC Press LLC: Boca Raton, FL, 1999; pp-215
. . . 8) Schattenberg, H. J., lll; Geno, P. W.; Hsu, J. P. Effect of
The values found for the S_eedless variety with alkali treatment © household prgeparation on levels of pesticide residues in produce.
ranged from 0.72 to 1.8, with a value of 1.3 for grapes harvested J. AOAC Int.1996.79, 1447—1453,
at the recommended PHI of 21 days, showing that an increase (9) European CommissioGuidelines for the Generation of Data
of residues from grapes to raisins may occur during the Concerning Residues as Provided in Annex Il Part A, Section 6
commonly applied processing treatment. For the seed-producing and Annex lll, Part A, Section 8 of Directt 91/414/EEC
C|0ne, the Va'ue was 1.2. When grapes Of the seed'ess Variety Concerning the PIaCing of Plant Protection Products on the
were dried without any alkali treatment, the TF was higher. Market. Working document 1607/VI/97 rev. 2, 1999.

Given this increase in residues found on processing, a higher (10) Lentza-Rizos, Ch. Consumer risk assessment for pesticide
! residues: recent developments and their implications for Medi-

MRL is juStI]erd for raisins. terranean countries. IBook of Abstracts, 2nd MGPR Interna-
In conclusion, when grapes of the Thomson seedless (Sultana) tional Symposium of Pesticides in Food and the Enzironment in

variety were treated with azoxystrobin according to the GAP Mediterranean Countries; Valencia, Spain, 2001; p 30.
authorized in Greece, residues at harvest did not exceed the EU (11) Environmental Protection Agency, U.S.Residue Chemistry
MRL of 2 mg/kg. Washing of berries removed a large amount Test Guidelines; OPPTS 860.1520, Processed Food/Feed; EPA:

Washington, DC, 1996; EPA 712-C-96—184.

(12) Ministry of Welfare, Health and Cultural Affairs, The Nether-
lands. Multiresidues method 1, Electron-captive compounds. In
Analytical Methods for Residues of Pesticides in Foodsthffs

of residues. The processing treatment with alkali and sun drying
effectively removed a substantial amount of azoxystrobin
residues. Commercial production of raisins is, however, also

carried out with sun drying only. Because it has been found ed.; Greve, P. A., Ed.; SDU Publishers: Rijswijk, The Nether-
that residues in raisins might be higher than those in grapes, lands, 1988; Part I, pp 3—5.

even following alkali treatment (TF up to 1.8), a higher MRL  (13) Ambrus, A.; Lantos, J.; Visi, E.; Csatlos, I.; Sarvari, L. General
in raisins is necessary in order to ensure that legal residues in method for determination of pesticide residues in samples of plant
grapes (i.e., up to 2 mg/kg) do not give rise to violative residues origin, soil, and water. 1. Extraction and cleandpAssoc. Off.

h e . Anal. Chem1981,64, 733—742.
in raisins and thus to trade problems. Azoxystrobin is a (14) Hill, A. R. C.; Reynolds, S. L. Guidelines for in-house validation

compound with no particular toxicological concerns (ADI 0.1 of analytical methods for pesticide residues in food and animal
mg/kg bw/day, no need for acute reference dose), and such an feeds.Analyst1999, 124, 953—958.

increase in the MRL for raisins would not pose any risk for  (15) cabras, P.; Angioni, A.; Garau, M. M.; Pirisi, F. M.; Cabitza,
consumers. F.; Pala, M. Pesticide residues in raisin processinggric. Food
Chem.1998,46, 2309—2311.
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