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Trials were carried out over a period of several years in
order to test the efficacy of pre-and postharvest
treatments against fungi causing postharvest rots of
stored clingstone peaches destined to canning. Anpbng the
fungi ci destested, di cl oran(2, 6-di chl oro-4-nitroaniline)

was applied against Botrytis cinerea, Mnilia cinerea and
Rhi zopus stolonifer. The purpose of this work was to
determne the residues of this fungicide in fresh,
washed, peeled and canned fruits. No relevant data are
reported in the open literature to our know edge. Sone
resi due data, nost of them produced by the manufacturer
of the conpound, were evaluated by the FAQ WHO Joint
Meeting on Pesticide Residues (JMPR) and are sunmarized
in the 1974 and 1977 monographs (FAQ WHO 1975 and 1978).

MATERI ALS AND METHCDS

The study site was situated in the North of Geece and
the trees were of the cultivar ANDROS. The mmin trials
were carried out for two consecutive years (1988 and
1989). Four experinental plots were established each year
with four replicates of three trees each. In 1988 one
plot was treated with dicloran (BOTRAN W 75% w'w) at
0.13% a.i. one day before harvest and triforine (SAPROL
16% EC) at 0.02% a.i. 15 days before harvest. The second
plot was treated with dicloran at 0.13% a.i. one day
before harvest. The third plot was treated with triforine
at 0.02% a.i. 15 days before harvest and the |ast plot
received no treatnment (control plot). In 1989 the first
plot was treated with dicloran at 0.13% a.i. one day
before harvest and iprodione (ROVRAL 50% WP) at 0.05%
a.i. 15 days before harvest. The second plot was treated
with dicloran at 0.13% a.i. one day before harvest. The
third plot was treated with iprodione at 0.05% a.i. 15
days before harvest and the |ast was the control plot.
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The chenmicals were applied by a common orchard spraying
equi pnrent until runoff. Confirmatory applications were
made in 1990 and 1991, when three trees were treated with
dicloran at the application rate of 0.13% a.i. 1 day
before harvest. From the harvested fruits of each
replicate sanples consisting of 18 fruits (6 from each
tree, according to FAO WO recomendations) (FAQ WHO
1987) were randomly collected. In 1988 the nunber of
sampl es taken from each plot and analyzed for dicloran
residues was six, in 1989 three and in 1990 four, while
in 1991 20 fruits collected from the treated plot were
honogeni zed and anal yzed as one sanple. A |arge nunber of

fruits from each plot was forwarded to the Institute of
Technol ogy of Agricultural Products of the Nationa

Agricultural Research Foundation in Lycovrissi, Attica
and were subjected to postharvest handling and treatnent.

Hal f of these fruits were dipped for 3 min in an aqueous
suspensi on of BOTRAN at a concentration of 0.13% a.i. and
the other half in water, then dried under air stream at
28°C. From the dicloran-treated fruits as well as from
the fruits dipped in water (washed fruits) sanples were
collected for residue analysis at time zero (just after
drying of fruits). In 1988, three sanples of six fruits
each were randomy taken for each case from each batch
corresponding to each field plot. In the follow ng years
two sanples from each plot were taken consisting of 6
fruits each in order to ascertain the effect of this type
of washing on the level of residues.

In the 1988 and 1990 trials, part of the fruits was
stored for 20 (1988) and 15 and 20 (1990) days in a cold
roomat 4° C and 90-95% relative humdity. Sanples of six
fruits each (three in 1988 and two in 1990) were
collected after the storage periods and analyzed for
di cl oran residues.

In 1988 after 15 days of storage the fruits were canned
using a sinulated industrial technique. For that purpose
the stones were renoved with a knife and the peaches were
peel ed by alkali and heating (2% NaOH at 95° C for 50
sec) . Sanples of peeled peach parts, weighting ca 1 kg
each, were taken. The peeled fruits were canned with the
addi ti on of sugar syrup(=50:50) and the cans were stored
in the laboratory. Three cans from each plot were
randomy taken after eight nmonths of storage in the
| aboratory and analyzed for dicloran residues. The
content of cans (fruit+syrup) was honpgenized and the
analysis was carried out to the honpgenized material

Before analysis of field-treated fruits, the weight of
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each sanple was taken and the stones were renpved with a
knife and their weight noted. In this way it was possible
to calculate the concentration in the whole fruit
(pul p+tstone) from the concentration determned in the
pulp (flesh+peel) of fruits. This was necessary because
in general the maximum residue limts (MRLs) set by
i nt ernati onal organi zations apply to whole fruits
(FAQ WHO 1986, EEC 1990) and not only to the edible part.
For postharvest treated fruits the results are given for
the pulp only, because of the high quantity deposited,
which nmade the difference between concentration in the
pul p and concentration in the whole fruit insignificant.
The fruits were quartered and one set of opposite
guarters of each peach were honpgeni zed. The anal yti cal
sanples were kept in a freezer (-20°C) until analysis.

Al'l solvents and chromatographi c adsorbents were of high
purity and suitable for pesticide residue analysis.
Di cl oran standard of 100% purity was kindly provided by
the Upjohn Conpany, USA. The method wused for the
determ nation of dicloran residues was that recomended
by the nmanufacturer, with sone ninor nodifications
concerning the analytical sanple size (20 instead of |00-
200 g) and the addition of Hyflo Super Cel (diatomceous
earth) during extraction to facilitate filtration.
According to this nodified nmethod, 25-50 g analytical
sanpl e was extracted in an Omi-M xer with 100 ml acetone
in the presence of 20 g Hyflo Super Cel for two mn,
followed by filtration on Buchner funnel and Whattman
paper filter. The cake was reextracted with 150 m
di chl oromet hane and filtered on the sanme funnel. The
filtrate was transferred in a separatory funnel of 500 m
where 250 m water and 10 g NaC were added. The content
was shaken vigorously for 30 sec and left to equilibrate.
After equilibration, the |ower phase was collected in a
500 mM round bottom flask through anhydrous sodium
sul phate, then 50 m dichloronmethane were added in the
separatory funnel and the cl eanup procedure was repeated.
The solvent was rotary evaporated to dryness and nade up
in a volunetric flask with hexane. The extracts from cans
were nmade up with a mixture of petroleum ether and
di chl oromet hane 70:30 w w and were subjected to a further
cl eanup by colunm chronmat ography. For that purpose gl ass
colums of 18 mm di aneter containing 10 g of florisil 60-
100 nmesh (activated at 180°C for 48 h and deactivated
with 3% water) and 2-3 g anhydrous sodium sul phate were
prepared. The colums were washed with 100 m petrol eum
ether, then the extract was deposited on the top of the
colum and eluted with 250 m of the mixture of
solvents. This columm cleanup was not necessary for the
fruit samples, because their high concentration of
resi dues necessitated a great dilution of extracts before
gas chronat ography resulting to very clean chromatograns.
I ndeed, after dilution, the extracts corresponded to
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0.008 g fruit/m extract for field-treated sanples, and
to 0.0005 g fruit/m extract for post harvest treated
sanpl es.

For recovery efficiency studies known quantities of
dicloran dissolved in hexane were added to 25 g sanples
previously tested to be dicloran free. These dicloran-
free fruits were taken from another field, since the
control fruits of the field trials were contaninated with
dicloran . These control sanples were fortified at the
0.005, 0.05 and 5 ng/kg level. Three sanples for each
fortification |l evel were extracted as above and anal yzed.
The recoveries varied from85 to 95% and the coefficients
of variation from5 to 10%

For gas chromat ographic analysis a Varian Aerograph 3700
and a Perkin Elner Sigma 2 gas chromatographs equipped
with “Ni electron capture detectors were used under the
conditions given in Table 1. As nmentioned, the extracts
of fresh fruits were greatly diluted, because the
detectors' responses were linear only over the range of
0.01 to 0.1 ng. Under all the gas chromatographic
conditions used, the sensitivity was very high due to the
two atons of chlorine in the nolecule of dicloran. Thus,
the concentration of 0.001 ng/kg was estinated to be a
reliable Ilimt of determnation. All anal yses were
carried out in duplicate.

RESULTS AND DI SCUSSI ON

The residues deternmined on and in peaches harvested 1 day
postapplication ranged from year to year between 3.40 and
5.71 mg/ kg in the pulp and between 3.21 and 5.43 ng/kg in
the whole fruit (pulp plus stone ) (Table 2). Control
sanples contained 0.06-0.25 ng/kg dicloran in the pulp
(0.05-0.22 ng/kg in the whole fruit), due to unavoidable
contamination by drifting. The residues resulting from
the preharvest treatnment were lower than the linit of 15
ng/ kg set by Codex Alinmentarious as naxi num adm ssible
concentration (FAQ WHO 1994).

The washing of fruits in the way described above, renoved
great part of the residues, estimated to 40% of the
resi dues present before washing (Table 2). Data on the
ef fect of washing on dicloran residues on peaches are not
avail able. However trials wth other <crops, such as
Brussels sprouts and pluns/prunes showed considerable
reducti on due to washing (FAQ WHO 1978).

The residues after postharvest treatnment determined in
1988 (57.33 ng/kg on the average in the pulp of fruits
pre- and postharvest treated and 49.5 in the pulp of
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fruits only
deened

concentration

post har vest

the trials were repeated in 1989

post harvest treated) (Tables 5 and 4,
surprisingly high, given that the effect;;;
recormended by the nanufacturer
use on peaches is 20 ng/kg. For that
1990, and 1991.

Table 1. Gas chromat ographic condi tions for
determ nation of dicloran residues.
Column Temperature | Carrier gas Retention
time
Instrument Varian 3700

5% 0OV-17 injector: nitrogen 30 11 min
on Gas 230°C ml/min

Chrom Q detector:

80/100 250°C oven:

mesh 200°C

Im xX2mm

3% Ov-101 injector: nitrogen 13 min
on Chrom 210°C 30 ml/min

WHP detector:

100/120 300°C

treated oven: 250°C

with 6%

Carbowax M

0.95mx2mm

Instrument Perkin Elmer Sigma 2

1.5% 0v- injector: nitrogen 7 min
101+1.95% 210°C 30 ml/min

QFl on Gas detector:

Chrom Q 250°C

100/120 oven: 180°C

mesh

0.95mx2mm

4% SE-30+ injector: nitrogen 10 min
6% OV-210 190°C 35 ml/min

on Chrom P detector:

80/100 250°C

mesh oven: 170°C

2mx2mm
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Table 2. Residues (mg/kg) of dicloran in unwashed and
washed clingstone peaches® sprayed in the orchard with
di cl oran at 0.13% a.i. and collected 1 day
post appli cati on.
Treatments Unwashed Washed fruits® % Loss
recieved fruits
pulp whole pulp whole
fruit fruit
Year 1988
dicloran+ | 4.63° | 4.32¢ | N.A.d N.A.
triforine $0.36 0.33
dicloran 4,13°¢ 3.88% N.A. N.A.
+0.39 0.34
control 0.25°¢ 0.22% N.A. N.A.
$0.05 | 0.04
Year 1989
dicloran+ 3.40° 3.21% 2.00¢ 1.90 =40
iprodione +1.32 1.24 ¥0.10 +0.10
dicloran 3.43°¢ 3.22¢% 2.00° 1.90 =40
$0.73 0.65 $0.11 10.05
control 0.06° 0.05% 0.03¢ 0.02 =50
$0.01 | 0.00 | *0.05 [ #0.05
Year 1990
dicloran 5.717 | 5.43¢ | 3.60f 3.41 =40
+0.46 0.46 $0.41 10.30
Year 1991
dicloran 4,209 3.86 2.559 2.34 =40
control 0.07%1 0.06 0.049 0.03 =40
a. cultivar ANDRCS
b. washing by dipping for 3 min in tap water
c. mean * standard deviation of 6 sanples of 18 fruits
each from 3 trees
d. Not Analyzed
e. nmean * standard deviation of 3 sanples of 18 fruits
each from 3 trees
f. mean +* standard deviation of 4 sanples of 6 fruits

each from 3 trees
g

one sanple of
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Tabl e 3.

Resi dues (ng/kg) of

dicloran in

tne pulp or

fresh. cold-stored, and canned clingstone peaches®after
pre’-and postharvest°treat nent.
Year Fresh Fruits cold- Peeled Canned
fruits stored® fruits® | fruits?
at PHIY | days of storage after 8
1 day, months
time O 15 20 of sto-
rage
56.33%¢ N.A.J | 52,667t | 2.18't | 0.006-
0.57 0.57 0.42 0.008*
1988 ; i i
58.33'% N.A. | 55.65'% 1.91'% 0.006~
2.88 5.13 0.35 0.008k
13.50" N.A. N.A. N.A. N.A.
1989 15.00" N.A. N.A N.A
N.A.
1990 22.10' | 21.s50' | 20.85" N.A. N.A
1991 19.00" N.A. N.A. N.A. N.A.
a. cultivar ANDRCS
b. spraying with dicloran at 0.13% a.i.
c. dipping for 3 min in a suspension of 0.13% a.i.
di cl oran
d. Preharvest Interval
e. tenperature 4°C, relative hunmidity 90-95%
f. chem cal peeling by 2% NaOH at 95°C for 50 sec
g. honogeni zed fruits plus syrup
h. storage in the laboratory ( »22°C)
i. nean * standard deviation of three sanples of »l kg
j- Not Analyzed
k. concentration range in 3 cans
1. nmean of 2 sanples of 6 fruits each

The residues on and in the pulp of fruits cold-stored for

15 or 20 days were not significantly different fromthose
determ ned before storage.

Consi derabl e reduction of
chemical peeling of fruits.

residues was observed after
As shown in Tables 3 and 4,
the percentage reduction was of the order of 96% for
fruits pre- and postharvest treated and 97-98% for fruits
only postharvest treated. These results, supported by the
results on the effect of washing on the nagnitude of

resi dues, show that npst of the residue remains on or in
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Tabl e 4.
fresh,

Resi dues

col d-stored

(my/ ko)

of
and canned

di cl oran

in

In spite of

the fruits
after

storage for

after

of dicloran (0.006 -
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canning (pre-
the
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carri ed
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by

none of
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resi dues are

cont ai ned very
0.008 ng/ kg) (Tables 3 and 4).
i ndi cate that
»50% caused by dilution due to
reduced further
Trials with
appl i cations)
California were
According to
comercially canned
peaches from 16 separate trials contained any detectable
dicloran when analyzed by microculorinetric

in

conpounds.
and postharvest
manuf act ur er
eval uated by the 1977 JMPR (FAQ VWHO 1978).
the sanples of

post harvest treatnent®
Year Fresh Fruits Peeled Canned
fruits cold- fruits® fruits?
PHI stored after 8
1 day for 20 months
time 0 days® of
storage®
51.007+ 51.33%¢ 0.91%+ 0.007-
5.29 5.13 0.35 0.008¢8
1988 48.00%¢ 47.33%¢ 1.31%¢ 0.006-
7.93 6.11 0.35 0.007¢
15.50" N.Aa.' N.A. N.A.
1989 16.00" N.A. N.A. N.A.
17.10" N.A. N.A. N.A.
1991 20.00" N.A. N.A. N.A.
a. dipping for 3 min in a suspension of 0.13% dicloran
b. tenperature 4°C, relative humdity 90-95%
c. chemcal peeling by 2% NaOH at 95°C for 50 sec
d. honogeni zed fruits plus syrup
e. storage in the laboratory ( »22°C)
f. mean + standard deviation of 3 sanples of »1 kg
g. concentration range in 3 cans
h. nean of 2 sanples of 6 fruits each
i. Not Analyzed
the skin, and are attributable to the fact that dicloran
is practicably insoluble in water, therefore there
very limted translocation of the fungicide into
interior of the fruit.

dicloran deposited on
application the cans,
| ow residues

apart

the pulp of
clingstone peaches after

These
from



gas chromatography with a limt of determnation of 0.01
mg/ kg.
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