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Exposure of fish to !*C-labeled chlorothalonil (DAC-2787, tech.):
accumulation, distribution, and elimination of residues, prepared for
Diamond Shamrock Corporation by B.H. Sleight, III, Bionomics, Inc.,
Accession No. 099248, p. 000050.

Procedure

Bluegill sunfish (Lepomis macrochirus) were acclimated for 15 days
prior to testing. Accumulation and depuration were tested by a flow-through
method using a continuous-flow proportional dilution apparatus and two 30-
liter aquaria containing 100 fish each. Aerated well water (pH 7.1, 18 C)
was used in_the tests. One aquarium served as a control, whereas the other
contained [1*C]chlorothalonil (technical grade) at a nominal concentration
of 0.01 mg/liter (0.01 ppm). The duration of exposure was 28 days, followed
by a 14-day depuration period in uncontaminated water. Five fish from each
experimental unit and water aliquots were sampled at 0, 1, 3, 7, 10, 14,

21, and 28 days of exposure and 1, 3, 7, 10, and 14 days of depuration.
Fish were eviscerated to analyze edible and nonedible parts..

Methodology ' , .

Trapped 1%C0, (as carbonate) was counted by scintillation spectrometry
after combustion of the fish tissues. Recovery rates for radioactivity
ranged from 98 to 101%. Hexane and methanol extractions were performed by
_blending the edible tissues with NaySO,, mixing the solution with either
hexane or methanol, filtering the extract, and assaying the filtrate
radiometrically. Water samples were examined for chlorothalonil _
by extracting with methylene chloride and radioassaying. A radioactivity
recovery level of 94% was obtained from the water samples through this method.
Minimum detectable limits for these methods were 0.005 mg/kg (0.005 ppm) and
10.001 ppm for tissue and water, respectively.

Results .
Only about 30% of the nominal concentration (0.01 ppm) was retained

throughout the experiment, resulting in exposure of the fish to an average

of 0.003 ppm. Accumulation in bluegills reached a plateau between 3 and

7 days of exposure and retained a mean residue level of 0.58 ppm from day

7 of exposure to day 28 (Table 1). The concentration in nonedible tissues

was about 15 times the concentration of residues in edible tissues, with

a mean residue level of 8.6 ppm. About 16% of the residues were extractable

by hexane (nonpolar), and about 18% were extractable by methanol (polar).

Residue levels in edible tissues had declined by about 50 and 62% after

10 and 14 days of depuration, respectively.



Table 1. Mean !*C residues in the
edible portion of bluegills
continuously exposed to
[1%C]chlorothalonil for

28 days.

Average residue Standard

Day Tevel? (ppm) deviation
1 0.23 0.06
0.48 0.10
7 0.54 0.17
.10 : 0.72 0.34
14 0.48 0.13
21 0.56 - 0.20
28 0.59 0.14

2 Mean usually based on 10 radiometric
analyses; the minimum number of
observations was 8. Minimum
detectable 1imit = 0.005 mg/kg.
Average exposure level = 0.003
mg/Titer.
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Conclusions

At very low concentrations of chlorothalonil (0.003 ppm) in water,
bluegill sunfish accumulate around 200 times the ambient water concentration
of chlorothalonil and/or degradation products in edible tissues. Viscera
tissues contain approximately 15 times more (radioactive) residues than
muscle tissue. A residue plateau is reached after 3-10 days and depuration
is rapid with a half-l1ife of about 10 days.

The exposure concentration in the water (0.003 ppm) was much lower
than the intended level (0.01 ppm). This was probably due to adsorption
of chlorothalonil to plastic tubing in the dilutor and/or an inaccurate
dilutor, resulting in a 30% error.

It is not known whether degradation products are extracted by the
methylene chloride (used to extract water samples before radioassay), and
‘no attempt was made to characterize residues in the water or check for
recovery of the degradation products.

Of the residues extracted from edible tissues, 16% reportedly was
extracted by a nonpolar solvent and 18% by a polar solvent. This leaves
66% unaccounted for (probably bound residues), and certainly some of this
radioactivity is due to unspecified metabolites.



Exposure of fish to !*C-labeled DAC-3701: accumulation, distribution,
and elimination of residues, prepared for Diamond Shamrock Corporation
by B.H. STeight, I1I, Bionomics, Inc., Accession No. 099248, p. 000063.

Procedure

Bluegill sunfish (Lepomis macrochirus) were acclimated for 15 days
before initiation of the study. A continuous-flow proportional dilution
apparatus was used to provide a flow-through accumulation test of radio-
labeled 2,5,6-trichloro-4-hydroxyisophthalonitrile (DAC-3701), a major
degradation product of chlorothalonil. Three 30-liter aquaria were used
in the experiment, with 100 fish in each. One aquarium served as a control;
the others were used for testing radiolabeled DAC-3701 at two nominal
concentrations of 0.01 and 1 mg/liter (0.01 and 1 ppm). A1l solutions were
mixed in acetone. Water and fish were sampled from all aquaria prior to
exposure and at 1, 3, 7, 10, 14, 21, and 28 days of exposure. The acuarium
with DAC-3701 at 1 ppm was also sampled at 35, 42, and 49 days of prolonged
exposure. After 28 days of exposure, all remaining fish from the 0.01 ppm
aquarium and (after 49 days) a sufficient number of fish from the aquarium
containing DAC-3701 at 1 ppm were transferred to uncontaminated water for
a 28-day depuration period. All fish were radiometrically analyzed at
sample periods for DAC-3701 in edible tissues. The relative distributions
of residues in edible and nonedible tissues were analyzed only at 28 days
exposure (0.01 ppm) and 49 days exposure (1 ppm). Polar and nonpolar
residues were also investigated.

Methodology

Duplicate sample radiocassays of fish tissues were performed after
tissues were dried for 24 hours on filter disks. Combustion of fish
tissues yielded 1“C0, that was trapped as a carbonate in ethanolamine.
Counting with a scintillation spectrometer of prepared sample vials
resulted in a recovery level of 98-101%. Separate hexane and methanol
extractions were made of fish tissues to determine polar and nonpolar
residues. Dried and weighed fish were blended with Na,SO, and Celite 545,
filtered, and analyzed radiometrically. Levels of DAC-3701 in water were
determined by extraction with methylene chloride and radioassay with a
recovery level of only 34%. Minimum detectable limits were 0.75 mg/kg

(0.75 ppm) for fish and 0.03 ppm for water at the high nominal concentra-
tion and 0.01 ppm for fish and 0.002 ppm for water at the lower nominal
concentration.



Results

The control group suffered no mortality during the experiments, nor
did the groups exposed to DAC-3701 at 0.01 ppm. The fish exposed at the
high concentration became lethargic and exhibited discoloration after 16
days; about 18% mortality was observed after 28 days in the fish exposed
at the high concentration. Water samples contained the compound at actual
average exposure levels of around 0.005 and 0.61 ppm instead of 0.01 and
1 ppm, respectively, as shown in Table 1. Fish exposed at a nominal concen-
tration of 0.01 ppm reached peak accumulation levels in edible tissues
between the 1st and 3rd days (Table 2), with a maximum accumulation of
0.19 ppm. The maximum accumulation level of edible fish tissues exposed
at the nominal concentration of 1 ppm was 48.9 ppm, reached on the 28th day
of exposure (Table 1). Thereafter the accumulated concentration declined.
On the average, nonedible tissues bioconcentrated five times as much as
edible tissues. Depuration was rapid, with half the residues being elimi-
nated within 1-3 days in the fish exposed at the nominal 0.01 ppm concentra-
tion (Table 1). Less than 4% of the residues in fish exposed at the nominal
% ppm co?centration for 49 days remained after 28 days of depuration
Table 3).

Of the residues remaining in the edible tissues of fish exposed to
DAC-3701 at the high concentration, about 1% was extractable by hexane and
about 34% was extractable with methanol. Corresponding values for fish
exposed at the lower concentration were 8% (hexane) and 24% (methanol),
respectively.



Table 1. 1%C-DAC-3701 residues measured
in the water during continuous
exposure of bluegill sunfish.

Measured concentration (ppm)

(Nominal) ' (Nominal)

Day 0.01 ppm 1.0 ppm
0 0.005 0.69
1 0.004 0.77
3 0.004 0.50
7 0.005 0.52
10 0.006 0.44
B 14 0.005 0.49
21 , 0.005 0.58
28 0.004 0.45
35 -- 0.50
42 - ~ 0.42
49 - 0.44




Table 2. Mean measured 1*C residues (mg/kg) in
the edible portion of bluegill sunfish

(Lepomis macrochirus) during continuous
exposure to [!*C]DAC-3701.

Nominal exposure level (mg/1)2

0.01 1.0
Averageb Averageb
residue c residue c
Day level S.D. Tevel S.D.
1 0.16 0.02 2.2 0.5
0.19 0.02 3.1 0.7
7 0.15 0.02 6.8 1.3
10 0.15 0.02 15.6 3.6
14 0.10 0.05 18.3 6.5
21 0.09 0.02 25.2 5.0
28 - 0.07 0.02 48.9 11.0
35 -- -- 31.9 17.0
42 -- -- 20.6 9.5
49 -- -- 21.2 7.6

@ Actual exposure concentration averaged 0.005 and
0.61 mg/1 throughout the course of the experiment.

b Average based on 6-10 radiometric analyses.
Minimum detectable limits were 0.75 mg/kg (high
concentration) and 0.01 mg/kg (Tow concentration).

€ 5.D. = standard deviation.



Table 3. Mean measured !*C residues (mg/kg) in
the edible portion of bluegill sunfish
during the depuration period following
either 28 or 49 days of exposure to
[14C]DAC-3701 at 0.01 and 1.0 mg/liter,
respectively.

Preceding nominal exposure level (mg/])a

0.01 : 1.0
Averageb Averageb
residue e residue c
Day Tevel S.D. Tevel S.D.
1 0.04 0.01 20.0 3.4
3 0.04 0.01 24.7 7.6
7 <0.02 -- - 11.8 6.6
10 <0.01 - 13.5 8.8
14 <0.01 -- <3.8 3.7
21 -- -- 2.0 0.6
28 - - <1.8 0.5

3 Actual predepuration exposure concentrations
averaged 0.005 and 0.61 mg/1, respectively.

b Average based on 6-10 radiometric analyses.
Minimum detectable 1imits of 0.75 mg/kg (high
concentration) and 0.01 mg/kg (Tow concentration).

€ s.D. = standard deviation.



Conclusions

The ch]orotha]on11 degradation product 2,5,6-trichloro-4-hydroxy-
isophthalonitrile (DAC-3701) has a bioconcentration factor in bluegill
sunfish of about 50 when the concentration in water is 0.005 ppm and about
110 when the concentration in water is about 0.5 ppm. At the higher con-
centration, the compound is toxic ‘to fish, as a 16-18% mortality rate is
observed on day 28. DAC-3701 residue levels reach a plateau in fish by
1-3 days at concentrations in water of ~0.005 ppm and only after 28 days
in fish exposed at ~0.5 ppm. Depuration is rapid; 50% of the residues are
lost within 3 days at both treatment levels.

Actual concentrations of DAC-3701 in the water in this study are
questionable because a 34% recovery rate from the water was reported. The
report used the nominal water concentrations for calculations of bioaccumu-
Tation factors, thus yielding false data.

No hydro]ys1s or metabolism studies are included in this package.
Thus, it is not clear what metabolites are expected and no characterizations
of the residues were attempted.



Adsorption of chlorothalonil (2,4,5,6-tetrachloroisophthalonitrile,
DS-2787), M.B. Szalkowski, Diamond Shamrock Corporation, Accession

No. 099248, p. 000078.

Procedure/Methodology

Samples of six soils (Table 1), muck, sea sand, and montmorillonite
clay in flasks were treated with a mixture of 1*C ring-labeled chlorothalonil
and unlabeled chlorothalonil (Diamond Shamrock Corp., purity 99.5-99.7%)
to yield concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5 ppm. The soils were
equilibrated for 20 hours and then were shaken and centrifuged. The super-
natant was analyzed by liquid scintillation counting.

Résu1ts

The clay and organic matter contents of the soils were the major
factors affecting chlorothalonil adsorption. The adsorption constant
(K) was correlated to the soil organic matter content. The "K" values
for the six soils tested ranged from 11.8 in the Michigan lomay sand to
471.8 in the Iowa peat loam ?Tab]e 2). The adsorption of chlorothalonil
residues to soil reduces its potential for mobility in most soils.

10
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Table 2. Freundlich isotherm constants and adsorption coefficients
for chlorothalonil adsorbed onto various soils.

Media (uglg) 1/n (uglg)
Sand 0.33 0.69 --a
Michigan loamy sand 11.83 0.75 629
Texas clay loam 15.96 0.72 1,995
Ohio sandy loam 22.88 1.01 1,404
Nebraska silt loam 43.38 0.61 2,271
Minnesota silt loam ‘ 111.35 1.05 3,275
Muck | : 201.09 1.26 -2
Iowa peat loam 471.85 1.15 6,590
Clay 1,342.76 0.69 -2

83 = K x 100/% organic matter; Q was not calculated for adsorbing media
containing no organic matter or for which the organic matter content
~was unknown.

12



Conclusions

The adsorption of chlorothalonil to soil cannot be determined from the
data because the soil was sieved to 60 mesh, thus removing the medium and
coarse sand and altering the soil characteristics. Soils whose character-
istics have been altered in this manner will have higher "K" values than
unaltered soil. Therefore, the results of this study are not representative
of actual environmental conditions.

The peat loam soil was not properly classified. A peat soil has an
organic matter content of greater than 50% (Glossary of Soil Science Terms,
Soil Science Society of America, October 1979). Since the peat loam soil
had an organic matter content of only 7.2%, it should be classified as a
Toam soil.

Soil characteristics for the muck soil were not presented.

13
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Quantitation and characterization of the biotransformation products of
2,4,5,6-tetrachloroisophthalonitrile (chlorothalonil, D5-2787) in S0i1,
M.B. Szalkowski and J.J. Mannion, Diamond Shamrock Corporation,
Accession No. 099248, p. 000114.

Procedure

Soil metabolism. A sandy loam soil (61.3% sand, 30.4% silt, 8.3% clay,
1.6% organic matter, pH 5.6) was air dried and sieved to 0.59 mm. The soil
was treated with [**C]chlorothalonil (Diamond Shamrock Corp., purity 99.5%)
to yield 10 ppm, mixed, and moistened with water. The soil was then stored
at 24 C in a sealed container. The soil was re-treated with 10 ppm [14C]-
chlorothalonil each week for 13 weeks and maintained at a moisture content
of 15%.

Leaching. A sample of aged treated soil was air dried and added to a
chromatographic column (inside diameter 2.5 cm) and eluted with 800 ml
of distilled water. '

Methodology

Soil metabolism. Samples of the treated soil were air dried and combusted.
and the released “"C0, was analyzed by 1iquid scintillation counting (LSC).

Leaching. An aliquot of each leachate fraction was analyzed by LSC. The
remainder of the leachate was evaporated to dryness. The residue was dissolved
in methanol and analyzed by LSC. The leachate was also characterized by
thin-layer chromatography (TLC) and autoradiography. The residues were

scraped from the TLC plate and assayed individually by combustion and LSC

as described above. In addition, the TLC spots were rechromatographed to
obtain pure compounds for analysis by mass spectrometry.

The soil was extracted by stirring with acidified acetone. The mixture
was filtered and the filter cake was reextracted twice. The combined
extracts were analyzed by LSC. The extracted soil was air dried and analyzed
by combustion and LSC as described above.

- Bnother sample of treated soil was column chromatographed with distilled
water, and the eluate was analyzed by TLC. '

Results
‘After aging, the chlorothalonil-treated soil contained 86.3% of the

applied residues, which were present as chlorothalonil, five degradation
products, and soilbound residues (Table 1).

. o /G



After elution with water, 40% of the residues leached through a
soil column, 27% were soilbound, and 28% were extractable. The extractable
residues consisted primarily of chlorothalonil, whereas the leachate
contained primarily metabolite I (Table 2).

15

7



Table 1. Characterization and quantitation of ['“*C]chlorothalonil
residues in aged soil.

Percent of
applied
Chemical structure Chemical name chlorothalonil
Unextractable residues 26.8
CN »
Cl Cl 2,4,5,6-Tetrachloroisophthalonitrile
el eN (chlorothalonil) , 15.5
o
~CN
cl ! : . e
4-Hydroxy-2,5,6-trichloroisophthalonitrile
C! CN (Metabolite I) 22.3
OH
CN | |
Ci 3-Cyano-2,4,5,6-tetrabenzamide
Ci CONH,, (Metabolite II) 10.4
Cl _
CONH

2 . - -
: o 1 Trichloro-3-carboxybenzamide - -
. (or other isomeric form) X
o OOH (Metabolite III) | 4.3
Y ,

. | ' /¥



Table 1. Characterization and quantitation of [!*C]chlorothalonil
residues in aged soil. (continued)

Percent of
: applied
Chemical structure Chemical name chlorothalonil
CON H2 )
ci Cli 3-Cyanotrichlorohydroxybenzamide
c N (or other isomeric form)
: (Metabolite IV) 3.8
OH '
ONH2
cl a 3-Cyanotrichlorobenzamide
cl N (or other isomeric form)
. (Metabq]ite V) 3.2
OH

17 ' /f§7



Table 2. Chromatographic distribution of radiocactivity in aged, leached
soil and leachate.

Residue Percent of total radicactivity on chromatogram
Soil Leachate
Chlorothalonil | 49.3 4.3
Metabolite I 16.0 43.9
Metabolite II , 11.6 17.8
Metabolite III 2.9 8.6
Metabolite IV 4.5 6.3
Metabolite V 3.6 5.3

Other : 12.1 13.8

18



Conclusions

Chlorothalonil is degraded in soil to 4- hydroxy-z 5,6-trichloro-
‘isophthalonitrile, 3-cyano-2,4,5,6-tetrabenzamide, tr1ch10ro 3-
carboxybenzamide, 3-cyanotr1ch]orohydroxybenzam1de, and 3-cyanotr1ch]oro-
benzamide. However, the rate of degradation is not known.

No conc]us1ons can be made regarding the susceptibility of
chlorothalonil to leaching because the soil was sieved to 0.59 mm,thus
removing the coarse sand and altering the soil characteristics. Also,
the length of the soil column is unknown and the soil was eluted wih an
excessive amount of water (the equivalent of 163 acre-inches).

19
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The effect of chlorothalonil on populations of soil microorganisms;
Lankow, R.K.,et al., Diamond Shamrock Corporation. Accession No. 099248,
p. 000165. '

Procedure/Methodoloqgy

Effect of chlorothalonil on microbial populations. Sandy Toam soil
(pH 7.1, organic matter 1.9%) was maintained in pots under moist condi-
tions in a greenhouse for 30 days as a pretreatment. Treatments were then
applied as follows: Bravo 6F (flowable formulation of chlorothalonil) at
10 ug ai/g soil; sucrose at 1% (w/w) in soil; or a combination of the above.

At sampling dates of 0, 1, 2, and 3 weeks, soil was removed from
individual pots and extracted with water, and serial dilutions were made in
sterile, deionized water. From the two highest dilutions, 0.1-ml aliquots
were spread on plates of rose bengal agar (for fungal population estimates)
and soil extract agar (for bacterial and actinomycete population estimates).
The culture plates were incubated at 24 C for 6 days. Colonies were counted
and the number of propagules per gram dry weight of soil was calculated.

Effect of chlorothalonil on soilborne populations of Trichoderma
harzianum. Isolates of Irichoderma harzianum (1-1191) were routinely
cultured on V-8 juice agar. Spores were harvested by using 0.01% Tween 20.
The spore density was determined with a hemacytometer and the spores were
added to sterile (autoclaved) sandy loam soil samples in flasks to yield
105 conidia/gram soil. The treatments applied to the soils in the flasks
were identical to those used in the previous experiment. Water was added to
produce a 20% moisture content in the samples, which were incubated at 27 C
and 95% relative humidity.

At weekly intervals, soil samples were removed, suspended in water,
and blended for two 30-second intervals. Serial dilutions were made of
- the extract and 0.1-ml aliquots were plated on rose bengal agar. Plates
were incubated at 24 C and colonies were counted after 4 days.

In vitro sensitivity of T. harzianum to chlorothalonil was assessed by
measuring radial growth on potato dextrose agar (PDA) amended with chloro-
thalonil at various levels. Inhibition of spore germination was determined
by seeding chlorothalonil-amended PDA with spores of T. harzianum and -
observing the amount of spore germination after 24 hours of incubation at
25 C. :

20
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Effect of chlorothalonil on soil acid phosphatase activity. Soil
treated with chiorothalonil, sucrose, or both (as described before)
was -suspended in 50 mM sodium maleate buffer. After equilibration,
-nitrophenyl phosphate was added and the suspension was incubated for
hours at 37 C. The suspension was then centrifuged. An aliquot of the

supernatant was analyzed for p-nitrophenyl by measuring its absorbance at
405 nm. ' .

Results

As shown in Table 1, chlorothalonil-treated soil produced no effect
on the soil fungal population as compared with the water control soil.
With the addition of sucrose, a 20-fold increase in soil fungi was observed
the 1st week after treatment; this increase was limited to 5-fold in
samples treated with chlorothalonil. However, 3 weeks after treatment,
there was no significant difference between the fungal populations of the
control and chlorothalonil-treated sucrose-amended soils.

The bacterial population was slightly affected by the chlorothalonil
treatment for the first 2 weeks after treatment, though no effect was
observed after 3 weeks. Sucrose amendment resulted in rapid bacterial
growth that was actually greater in the chlorothalonil-treated soil (Table 2).

Chlorothalonil inhibited the growth of T. harzianum in soil by as much ®
as 60% during the 1st week of treatment (TabTe 3). After 1 month, however,
growth in treated soil was equal to that in untreated soil. The inhibitory
effect did not occur in soil amended with sucrose.

In vitro and spore germination studies with T. harzianum demonstrated
that the organism was moderately sensitive to chlorothalonil. EDs, values
of 11.6 and 15.5 ppm were reported (no data given) for growth and spore
germination, respectively. - .

It was reported that the acid phosphatase activity in soil directly
paralleled the microbial population (figure referenced not included).
Chlorothalonil did not cause inhibition of soil acid phosphatase activity in
the absence of sucrose, but there was some suppression in activity after
2 week w;th the sucrose addition. By the 2nd week, no differences were noted

Table 4). :
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Table 1. Effect of chlorothalonil treatments on soil fungal populations.

Soil treatment Colony forming units x 10*/gram soil at days affer treatment
0 7 14 21

H20 control 2.0 2.2 2.2 1.2

Chlorothalonil 2.2 1.6 1.6 0.9

Sucrose 2.1 40.8 48.5 33.5

Chlorothalonil + sucrose 2.1 11.1 21.4 30.2

Table 2. Effect of chlorothalonil treatments on soil bacterial populations.

" Soil treatment Colony forming units x 10%/gram soil at days after treatment
0 : 7 14 21
H20 control 4.1 4.7 21.1 8.2
Chiorothalonil 4.2 3.1 15.1 9.4
Sucrose 3.6 68.8 24.9 119
Chorothalonil + sucrose 4,2 105 832 172

22 ' 217



Table 3. Effect of chlorothalonil treatments of soil on the population
of Trichoderma harzianum.

Soil treatment Colony forming units x 10*/gram soil at days after treatment?
0 7 14 21 28
H20 control 0.25a 41.5a 32.3a 46.4a 30.4ab
Chlorothalonil 0.92a 15.5¢ | 28.1a - 30.5b 29.9b
Sucrose ’ 0.75a 24.5b 36.4a 36.8b 31.8a
Chlorothalonil + Sucrose 0.50a 25.6b 31.0a 37.0b 30.2b

aWeekly values followed by the same letter not significantly different at the
95% level.

Table 4. Effect of chlorothalonil on soil acid phosphatase activity.

Soil treatment Phosphatase activity at days after treatment®
0 : 7 14 21
H20 control 0.134 0.122 0.111 0.098
Chlorothalonil 0.125 0.123 0.118 0.102
Sucrose 0.137 0.322 0.224 0.139
Chlorothalonil + sucrose 0.134 0.277 0.236 0.139

aActivity expressed as milligrams phosphate/hour/gram dry soil.

23 | 25



Conclusions

The results show that chlorothalonil has a measurable effect on soil
microbial populations but that the populations recover in 2-3 weeks. In
the presence of a ready nutrient source (such as sucrose), soil fungal
populations show a greater sensitivity to chlorothalonil. The compound

at an estimated 12-15 ppm will reduce the in vitro mycelial growth and
spore germination of T. harzianum by 50%.

24
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Absorption and translocation of 2,4,5,6-tetrachloroisophthalonitrile
(chlorothalonil) metabolites in soil by leafy, root and fruiting crops -
a laboratory rotational crop study, Szalkowski, M.B., and D.E. Stallard,
Diamond Shamrock Corporation, Accession No. 099248, p. 000182.

Procedure

A sandy loam soil (62.2% sand, 6.8% clay, 31.0% silt, 3.2% organic matter,
pH 6.0) was sieved to 590 um, amended with {i“C]ch1orothaloni1 (99.7% purity)
to yield a concentration of 10.4 ppm, and aged for 14 weeks, after which < 3%
of the test material remained as intact ['*C]lchlorothalonil. Transfer of

soil (1.3 kg) was made to six plastic planting pots, two each for Grand Rapids
lettuce, Nantes carrots, and Tendergreen beans. Petri dishes were placed
under the pots to catch any leachates resulting from daily watering. Plants
were maintained at 27-29 C during daylight and 16-24 C during a 10-hour dark
cycle. Plant tissue samples were taken at 15, 30, 45, and 63 and/or 90 da{s
after planting. Both soil and plant tissues were radioassayed for total !*C-
residues and extracted, chromatographed, or radioassayed for determination and
quantitation of metabolites.

Methodology

To determine total l“C residues, plant tissues were oven dried at 95 C
for 2-4 hours, ground, and combusted to *CO, for radioassay. Control plants
were combusted (wet) to ensure that no radioactivity was lost by oven drying.
Soil was air dried and combusted to measure *C0,. Liquid scintillation counting
(LSC) was performed to quantify radioactivity. Combustion and 1*CO, trapping
efficiencies were determined to be 98-100%. The amount of 1%C0, released
during the aging period was determined by trapping volatile 1*C in an NaOH
trap and sampling the trap after 34, 43, 64, and 98 days of aging; 1*C was
measured by LSC. Determination and quantitation of !*C residues (extractable
and unextractable) in both soil and plant tissues was conducted by solvent
extraction techniques, thin-layer chromatography, and radioassay procedures
as outlined in Figure 1. ,

" Results

Table 1 presents the distribution of '*C residues in soil after 14 weeks
of aging. Less than 1% of the radioactivity applied to the soil was volatilized
during the aging period, and < 3% remained as intact ['*C]chlorothalonil. Data
on the quantitation and characterization of !“C residues in lettuce, carrots,
~ and beans are presented in Tables 2, 3, and 4, respectively. The principal
[t*C]Jchlorothalonil-extractable metabolites found in the tissues of all three
plant types were water-soluble residues. Total !“C residues in the tissues
of all plant types tested generally increased throughout the test period and
were composed almost entirely of extractable residues in all cases. Metabolite
I ([!“C]4-hydroxy-2,5,6-trichloroisophthalonitrile) also was found in plant
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tissues (carrots and beans). This metabolite was concentrated primarily
in the lower stem and leaf tissues of bean plants and did not travel as
well through plant tissues as water-soluble residues.
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Soil or Plant Tissue

. v
\L i Extraction with
Total combustion acidified acetone
analysis

! } ]
Total '*C residue Acidified acetone Extracted soil
extract or plant tissue

- Evaporate acetone and
extract aqueous phase

with isopropyl ether Total combustion
[ analysis
R 7 R 4
Ether phase Aqueous phase V
(water-solubles) Unextractable !*C
residue

Concentrate and identify
by thin~layer chromato-
graphy

\ \” R\

Chlorothalonil Metabolite I Metabolite II
(DS-2787) , gDS-3701) (DS-19221)
see Table 1) (see Table 1)

Figure 1. Scheme for characterization and quantitation of the 1%C residues
in soil and plants. '
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Table 1. Distribution of '*C residues in soil amended with [**Clchlorothalonil

and aged for 14 weeks.

Residue

Percent of applied '*C
Unextractable 43.8
Water-solubles 37.8
[**C]-4-Hydroxy-2,5,6-trichloro-

isophthalonitrile (DS-3701)

(Metabolite I) 21.6
Chlorothalonil 2.9
[t*C]3-Cyano-2,4,5,6-tetrachloro-

benzamide (DS-19221; Metabolite II) <2.0
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Table 4. Guantitation, distribution, and characterization of the 1% residues in the aerial portions of bean plants grown for 30 or 63 days in
soil amended with [1*C]chlorothaionil and aged 14 weeks prior to planting. .

[“CIchlorothalonil equivalents (ppm)?

Bean Total Extractable Unextractable Water-soluble Ether-soluble Intact Metabolite Metaboliz
sample? 18C residues  I4C residues  1%C residues  19C residues  IvC residues  [1*CJchlorothalonil I© 1d
30 lays
Section 1 2.21 2.31 . 0.07 1.32 0.77 - 0.04 0.47 0.02
Secticn 2 1.24 1.31 0.03 0.76 0.41 0.0% 0.22 G.O%
Section 3 1.13 1.248 0.03¢ - 0.67¢ 0.42¢ - - —
Section 4 0.75 1.01% 0.028 0.44% 0.41° . 0.01 0.27 0.02
63 Days
Section 1 6.78 6.68 0.14 2.60 1.75 - 0.02 1.68 <0.01
Section 2 3.72 3.47¢" 0.09% 2.45¢ 0.88% <0.018 0.52¢ 0.53¢
Secticn 3 5.40 4.92 0.09 3.56 1.02 0.02 0.96 <0.01
Section 4 7.85 5.64 0.08 3.2; 0.93 <0.0%e 0.8; <0.01
Section § 4,35 1.13% <0.02e - --T - - -
Fruit - 5th node 0.87 0.67 0.03 0.30 0.47 0.03 0.35 0.03

{1 pod & beans)

Values given are the averages of duplicate samples, except where otherwise noted.

Section 1: hypocotyl + first internode + primary. leaves.
Section 2: second internode + first trifolfate leaf.
Section 3: third internade + second trifoliate leaf.
Section 4: fourth internode + third trifoliate leaf.
Section 5: fifth interncde + fourth trifoliate leaf.

€ 4-dydroxy-2,5,6-trichloroisophthalonitrile.

d 3-Cyano-2,4,5,6-tetrachlorobenzamide.

e Only one sample analyzed.

f No samples analyzed.
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., Residues of aged [!*C]chlorothalonil are able to translocate and
accumulate in rotational leafy, fruit, and root crops. Primary residues
that translocate and accumulate included unidentified extractable water-
soluble compounds and the metabolite 4-hydroxy-2,5,6-trichloroisophthalo-
nitrile. Other compounds found to accumulate, but to a much lesser degree,
in plant tissues include the metabolite 3-cyano-2,4,5,6-tetrachlorobenzamide,
ether-soluble residues, and chlorothalonil.  Water-soluble residues were
found to have the highest potential for translocating of all detectable
residues and were freely mobile thirough all tissues examined. Accumulation
of all the compounds listed above increased in general throughout the 2- to
3-month test period, with no concentration plateau reached in the plant
tissues. The results and conclusions of this study indicate that a field
study using formulated products is merited to determine whether water-
soluble residues and metabolites are leached into the soil or are absorbed
and translocated into rotational crop plant tissues.

32



ENVIRONMENTAL FATE ANALYSIS

Chlorothalonil will be readily transformed in sandy loam soil. Less
than 3% of the applied [1*C]lchlorothalonil remains in soil 14 weeks after
treatment at 10 ppm. Less than 1% is released as 1*C0, during this period.
Unextractable and unidentified water-soluble residues each account for
about 40% of the applied [1%*C]chlorothalonil. After 14 weeks, the predomi-
nant metabolite is 4-hydroxy-2,5,6-trichloroisophthalonitrile, which is
present at 20% of the applied chlorothalonil. A minor metabolite (<2% of
the applied chlorothalonil) is 3-cyano-2,4,5,6-tetrachlorobenzamide. A
similar pattern is observed when the soil is treated with [1“C]chlorothalonil
at 10 ppm every week for 14 weeks, except that other minor metabolites are
detectable. These metabolites are 2,5,6-trichloro-3-carboxybenzamide,
3-cyano-2,5,6-trichloro-4-hydroxybenzamide, and 3-cyano-2,5,6-trichloro-
benzamide. | .

Gross populations of bacteria and fungi will be reduced by 25-30%
during the first 2 weeks after treatment of soil with a flowable formulation
of chlorothalonil (Bravo 6F) at 10 ppm ai. By the 3rd week, populations
recover to levels found in untreated soils. When sucrose is concomitantly
added at 1% (w/w soil), fungal populations are markedly reduced (~75%) during
the 1st week and bacterial populations are marked]y'stimulated (m350%) during
the first 2 weeks after treatment, relative to population levels in sucrose-
amended untreated soils. In each case, populations return to near normal
levels by the 3rd week. The growth and spore germination of the fungus
Trichoderma harzianum on potato-deXtrose agar are reduced 50% by chloro-
thalonil at 12 and 15 ppm, respectively. Soil phosphatase activity is not
affected by treatment of soil with Bravo 6F at 10 ppm ai.
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Chlorothalonil and its metabolites can be accumulated by vériqus
vegetable crops planted in rotation cycles. When [1*C]chlorothalonil was
aged with sandy loam soil, <3% of the applied amount (10 ppm) remained
14 weeks later when the soil was seeded with vegetables. However, chloro-
thalonil residues accumulated at levels of 0.02 and 0.03 ppm in 90-day-old
carrot roots and 63-day-old beans, respectively. Total l1%C residues in
63-day-old lettuce were at 1.19 ppm, about 90% of which were extractable
unidentified water-soluble metabolites. Total !*C residues in 90-day-old
carrot tops and roots were present at 2.2 and 0.4 ppm, respectively; 70-90%
of these residues were extractable unidentified water-soluble metabolites.
Two identified metabolites, each present at about 0.1 ppm (in tops) and
0.07 ppm (in roots), were 4-hydroxy-2,5,6-trichloroisophthalonitrile
(metabolite I) and 3-cyano-2.4,5,6-tetrachlorobenzamide (metabolite II).
Radiolabeled residues in 63-day-old beans ranged from 3.72 to 7.85 ppm in
various nonfruiting sections, and residues in the pods and beans were at
0.87 ppm. Combined residues of metabolites I and II were at about 0.9-1.7
ppm in nonfruiting sections and about 0.4 ppm in pods and beans. About
70-90% of the total residues were unidentified extractable metabolites.

Chlorothalonil and its metabolites will also accumulate in bluegill
sunfish to a moderate extent but are rapidly depurated. At low concentra-
tions of [14C]chlorothalonil (0.003 ppm) in water, the maximum bioconcentra-
~ tion factor for !*C residues is about 200, occurring during 3-7 days'
postexposure in a flow-through system. Depuration of 1“C residues has a
half-1ife of about 10 days. Extractable polar and nonpolar residues each
represent about 17% of the applied chlorothalonil. When the fish are
exposed to the radiolabeled metabolite 4-hydroxy-2,5,6-trichloroisophthalo-
nitrile at 0.005 ppm, !%C residues are concentrated by a factor of about
50 during the first 3 days postexposure. Levels decline thereafter to
0.07 ppm by the 28th day of exposure, and by the 10th day of depuration

they are <0.01 ppm. However, at a high level of exposure to the metabolite

(0.5 ppm), about 15% of the fish die within 1 month, at which time a bio-
accumulation factor of about 100 is obtained. Levels decline thereafter
with a half-1ife of about 15-20 days, and depuration has a half-1ife of
about 10 days. About one-third of the !“C residues are extractable, and
the majority of these are polar.
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