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Effects of Fertilizers, Captafol, and Atrazine on the Fate and Translocation of
[14C]Fonofos and [!*C]Parathion in a Soil-Plant Microcosm

E. Paul Lichtenstein,* Tung T. Liang, and Mary K. Koeppe

The effects of fertilizers, captafol, and atrazine on the metabolic fate and translocation of [1*C]fonofos
and [C]parathion from soils into oats and corn were studied within open and closed agricultural
microcosms. After a 2-week plant growing period in open systems, more radiocarbon was recovered
from fonofos-treated soils containing also cow manure, sewage sludge, or atrazine and less from oats
or corn grown in these soils. The presence of these amendments in fonofos-treated soil also resulted
in an increase of unextractable, bound ¥C residues, while ammonium sulfate and captafol had no effect.
In parathion-treated soils manure and sludge increased the formation of bound residues, while ammonia
sulfate, atrazine, and in particular captafol inhibited their formation. Oat greens from fonofos-treated
soils contained primarily insecticidal metabolites. Oats from parathion-treated soil contained less 14C
residues, most of them in the form of parathion. Production of 1#CQ, from the 4C-labeled insecticide
treated soils was significantly inhibited by all amendments, in particular by captafol and manure. Results
indicate that soil amendments indirectly inhibited the production of 4CO, by directly affecting soil
microorganisms, primarily soil fungi, responsible for the degradation of the insecticides. Microbiological
degradation of [1“Clglucose in soils to ¥CO, was inhibited by manure and sludge, was increased in the
presence of captafol and atrazine, and was not affected by ammonium sulfate. Results indicate that
the fate of pesticide chemicals in the agricultural environment should be studied by taking various

ecological factors into consideration.

The environmental behavior of pesticides has in the past
been investigated primarily with one specific chemical,
usually after its application to soils, water, or plants.
Under normal agricultural practices, however, a number
of chemicals are often used, resulting in a variety of mixed
pesticide residues in soils, water, or crop plants. In ad-
dition to pesticide chemicals, organic and inorganic fer-
tilizers are applied that could affect the fate of soil pes-
ticides, possibly via an effect on the soil microflora. Thus
Rajaram et al. (1978) reported that a single application of
ammonium sulfate or potassium nitrate inhibited the hy-
drolysis of parathion in flooded soil that had been inocu-
lated with a parathion-hydrolyzing enrichment culture.
Doyle et al. (1978), utilizing a closed flow-through incu-
bation unit, reported that “altered rates of pesticide deg-
radation were observed in sludge and/or manure amended
soils for a number of structurally unrelated pesticides.
14C.product distribution varied with soil amendments”.
The pesticides investigated in Doyle’s study were primarily
herbicides. Studies conducted in our laboratory with
[“C]parathion (Ferris and Lichtenstein, 1980) showed that
selected fungicides and inorganic nitrogen fertilizers af-
fected the degradation of [14C]parathion in Wisconsin
cranberry soils.

For further investigation of interaction phenomena, open
and closed agricultural microcosms or systems were used
(Figure 1) with or without plants that were grown in in-
secticide-treated loam soil. With this setup the potential
effects of fertilizers, captafol, and atrazine on the fate and
translocation of soil-applied insecticides in soils and crop
plants were studied.

MATERIALS AND METHODS

Chemicals. [U-phenyl-'“C]Fonofos (Dyfonate) (sp act.
= 17.1 mCi/mM) was obtained through the courtesy of
Stauffer Chemical Co., Mountain View, CA, and [2,6-
phenyl-"*C]parathion (sp act. = 2.2 mCi/mM) was pur-
chased from the ICN Corp., Irvine, CA. Specific activities
indicated in the different experiments were obtained by
dilution with nonradioactive fonofos or parathion. These
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insecticides were determined to be at least 97% pure by
thin-layer chromatography. Nonradioactive fonofos or
parathion and some of their potential metabolites were
obtained from Stauffer Chemical Co. and from Farben-
fabriken Bayer, West Germany, respectively. Analyti-
cal-grade captafol (Difolatan) was obtained from Ortho
Chevron Chemical Co., Richmond, CA, and atrazine was
provided courtesy of Ciba-Geigy Corp., Greensboro, NC.
D-[6-14C]Glucose (sp act. = 51.2 mCi/mM) was purchased
from New England Nuclear Corp., Boston, MA.

Fertilizers. Cow manure was obtained from the
University of Wisconsin dairy barn and sewage sludge from
the Madison Metropolitan Sewage District. The sludge
was in a liquid, digested form (pH 7.0), as sold to Wis-
consin farmers. Both manure and sludge were air-dried
at room temperature, ground to a fine powder, and stored
at 5 °C. Granular analytical-grade ammonium sulfate was
obtained from Mallinkrodt, St. Louis, MO.

Solvents. Acetone, benzene, chloroform, ethyl acetate,
dioxane, methyl-Cellosolve, and hexane were redistilled
before use. Methanol, toluene, and ethanolamine were of
analytical grade.

Soil. A Plano silt loam soil (4.7% organic matter, 5%
sand, 71% silt, and 24% clay with a pH of 6.0), free of
insecticide residues, was collected at the University of
Wisconsin Experimental Farm near Madison and stored
in a moist condition at 22 + 2 °C prior to use.

Soil Treatments. Studies described here deal with the
potential effects of cow manure, sewage sludge, ammonium
sulfate, captafol, and atrazine on the fate and metabolism
of soil-applied [C]fonofos and [1“C]parathion in soils and
their translocation into crop plants. Loam soils were first
treated at 4 ppm with an acetone solution of one of the
insecticides and then thoroughly mixed, while the acetone
was removed with a gentle stream of air (Lichtenstein and
Schulz, 1959). Immediately following treatment, two 50-g
aliquots of each treated soil were removed for extraction
and analyses to determine the actual treatment levels. All
data are reported as percentages of the initially determined
doses. Soil amendments were added to these soils as de-
scribed later under Experimental Procedures.

So that the effect of these soil amendments on glu-
cose-degrading microorganisms could be studied, soils were
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Table I. Effects of Fertilizers® and Captafol? on the Fate and Translocation of [*C]Fonofos in Loam Soils and Oat Plants
Incubated for 14 Days in an Open System at 28 + 1 °C°

14C recovered, % of applied [ring-**C]fonofos? in soil plus

none cow sewage ammonium captafol
(control) manure sludge sulfate (Difolatan)
soil )
benzene:® '“C 356.6+ 0.9 26.8 + 1.3} 40.5 = 2.2 38.6 1.0 31.56+4.1
Fof 36.3:1.0 20.5 ¢ 0.6’.1 33.8+ 0.8 38.2: 04 34.2+ 5.8
water® 1.0:0.1 2.1+ 0.1 0.7+ 0.2 0.9+0.1 10.2 = 0.3%
bound? 28.3+14 43.4 + 0.8’_‘ 36.3 = 0.9 26.0 £ 0.4 29.0: 0.1
total (S) 64.9+ 24 72.3 + 0.3} 77.4 + 1.1¢ 65.6 £ 1.4 70.7 £ 3.9
oat greens .
benzene: “C/ 1.0 + 0.1 1.1+ 0.0 1.0 + 0.0 1.0+ 0.1 0.2 £ 0.0P
water 7.4:05 0.7 + 0.1% 0.5+ 01" 15.0 + 1.0" 3.7+ 0.5
bound 0.2 0.0 0.1+ 0.0 0.1: 0.0 0.4 + 0.0" 0.1 £ 0.0°
total (0) 8.6 0.5 1.9 = 0.0% 1.6 + 0.1% 16.4 £ 1.0% 4.0 + 0.5!
total/g of greens 2.4 0.3 0.2 3.1 1.3
total (S + O) 73.5+ 1.9 74.2 £ 0.3 79.1 + 1.0 81.9 + 0.4! 74.7+ 3.4
% Cow manure and sewage sludge were mixed with soil (13.5 g of dry powder/300 g of dry soil) and (NH,),SO, at 106

ppm of nitrogen equivalent. ? Captafol was mixed with soil at 100 ppm (10 mg/100 g of dry soil). ¢ Results are averages
of duplicated tests. ¢ [ring-'*C]Fonofos (1.81 uCi) was mlxed with 300 g of soil (dry weight) at 4 ppm. ¢ Benzene and
water extraction phases of soil. Bound = unextractable “C. f FO = fonofos; the amount was determined by GLC.

&-1 Data are significantly different from controls (none) at the 0.1% (g), 1% (h) and 5% (i) level (Student’s t test). / Over
90% of benzene-soluble *C compounds were associated with methyl phenyl sulfone (see Figure 2).

Table II. Effects of Fertilizers® and Captafol® on the Fate and Translocation of [“C]Parathion in Loam Soils and Oat
Plants Incubated for 14 Days in an Open System at 28 + 1 °C¢

14C recovered, % of applied [ring-'*C ]parathion? in soil plus

none cow sewage ammonium captafol
(control) manure sludge sulfate (Difolatan)
soil . .
benzene:® 4C 42.6 + 3.7 10.7 + 2.4 29.5 + 2.9¢ 28.6 + 0.2 44.9+ 0.4
PAf 26.4 £ 0.1 7.0 £ 2.1% 10.6 + 1.38 20.7 + 0.0¢ 39.0+ 1.7"
water® 11.3+ 3.8 24.0 + 1.4} 2.5+ 0.7 28.0 + 0.7 41.7 + 0.5"
bound® 31.7+ 0.0 51.0 + 2.9 60.9 £ 2.7h 27.1 + 0.4h 7.3+ 0.6¢
total (S) 85.6 + 0.1 85.7 + 2.0 92.9 + 0.6" 83.7 + 0.2" 93.9 + 0.6"
oat greens . .
benzene: “Cf 0.1: 0.0 0.1+ 0.0 trace’ 0.1z 0.0 trace’
water 0.3:0.0 0.2 £ 0.0% 0.1z 0.0" 0.3+0.0 0.1 0.0"
bound 0.1 0.0 0.1: 0.0 0.1+ 0.0 0.2 + 0.0 0.1z 0.0
total (O) 0.5+ 0.0 0.4+ 0.0" 0.2+ 0.0% 0.6 + 0.0 0.2 + 0.0%
total/g of greens 0.08 0.07 0.05 0.09 0.05
total (S + 0) 86.1 ¢ 0.1 86.1z 2.0 93.1  0.5" 84.3 £ 0.2h 94,1+ 0.6"

a,b,e,8-1{ Footnotes a, b, e, and g-i are the same as in Table I. ¢ Results are averages of duplicated texts. ¢ [ring-“C]-
Parathion (3.2 uCi) was mixed with 8300 g of soil (dry weight) at 4 ppm. 7 PA = parathion; the amounts in soils were
determined by GLC. Amounts in greens could not be determined because of impurities. 7 0.02 or less.

Table III. Effects of Atrazine® on the Fate and Translocation of “C-Labeled Insecticides in Loam Soil and Corn Plants
Incubated for 14 Days in an Open System at 28 + 1 °C

1C recovered, % of applied® to soil

[*“C]fonofos plus ['“C]parathion plus
none atrazine none atrazine
soil
benzene:%¢ 14C 36.6 + 0.1 36.0+ 1.6 30.0 = 6.3 404 +1.6
IN¢ 30.2+0.1 32,2+ 0.8% 24.9: 6.3 33.1+ 0.8"
water? 1.2 0.1 2.1z 0.1h 18.9 = 3.7 29.9 + 0.6"
bound 23.7+ 0.4 33.0+ 1.0% 32.0+ 0.6 20.3 + 1.0%
total (8S) 61.5+ 0.8 71.1 + 0.78 80.9: 2.0 90.6 + 0.1%
corn greens
benzene: 'Ce¢ 1.0+ 0.0 0.2+ 0.0F 0.2+ 0.0 0.2+0.0
water 14.1 = 0.4 10.8 + 0.0% 0.2+ 0.0 0.6  0.11
bound 0.2+ 0.0 0.1+0.0 0.2 0.0 0.3+ 0.0
total (C) 15.3 £ 0.4 11.1 = 0.0f 0.6 £ 0.0 1.1+ 0.1%
total/g of greens 1.14 0.87 0.04 0.08
total (S + C) 76.8 £+ 0.1 82.2+ 0.7¢ 81.5+ 2.0 91.7 + 0.0k

¢ Atrazine was mixed with soil at 100 ppm (10 mg/100 g of dry soil). ? Results are averages of duplicated tests. € Same
as footnote d in Tables I and II. 9 Benzene and water extraction phases of soil. Bound = unextractable '*C. € IN=
insecticide (fonofos or parathion, respectively) determined by GLC. Data are not available for greens. f-* Data are
significantly different from controls (none) at the 0.1% (f), 1% (g), and 5% (h) level (Student’s ¢ test).

one described was set up, except that [C]parathion was at room temperature (23 + 2 °C) and in the dark, while
used as the insecticide. Soils were incubated for 4 weeks 14CO, was collected in KOH traps at intervals and quan-
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tified by LSC as described by Ferris and Lichtenstein
(1980).

At the end of the incubation period, soils from each jar
were extracted and analyzed, resulting in data for organic-
and water-soluble as well as unextractable, soil-bound
radiocarbon. Volatile lipid-soluble compounds retained
in the polyurethane trap were extracted twice with 75 mL
of hexane.

Effects of Captafol and Atrazine on Populations of
Microorganisms in Parathion-Treated Soil. Results
obtained in experiments with captafol or atrazine suggested
that both the fungicide and the herbicide inhibited soil
microorganisms which in turn could have altered the
degradation of the insecticides in the soil. For determi-
nation of the effects of captafol and atrazine on fungal and
bacterial populations in those soils, an experiment com-
plementary to the one described with the closed systems
was conducted in duplicate with soils treated with para-
thion at 4 ppm and with captafol or atrazine at 100 ppm.
Soils treated only with parathion served as controls. After
a 21-day incubation period, soils were thoroughly mixed,
and 15-g samples were removed from each incubation jar
and shaken for 20 min with 150 mL of sterilized distilled
water to produce a soil inoculum. After that, fungal se-
lective agar media (Martin, 1950) were inoculated with a
1:10 dilution prepared from control or captafol- or atra-
zine-treated soils. Bacteria selective agar media (Ridge and
Rovira, 1971) were inoculated with a 1:1000 dilution pre-
pared from the respective soil samples. After a 3-day
incubation period of the inoculated plates at room tem-
perature, they were photographed.

Effects of Soil Amendments on the Activity of
[“C]Glucose-Degrading Soil Microorganisms. Studies
conducted previously in our laboratory had shown that soil
microorganisms in basal salt media utilized parathion as
the sole carbon source. Addition of glucose, however,
drastically reduced the degradation of the insecticide
(Gorder and Lichtenstein, 1980). This phenomenon was
also demonstrated with parathion in cranberry soils (Ferris
and Lichtenstein, 1980). To test the hypothesis that soil
microorganisms are affected by the soil amendments used
in the experiments described above, we used [C]glucose
as the substrate instead of “C-labeled insecticides.

In the first study, the potential degradation of ['C]-
glucose by soil microorganisms was investigated. T'wo jars
(10 cm X 5 ¢cm diameter) (Figure 1B) were each filled with
25 g (dry weight) of loam soil that was then sterilized by
«~ irradiation (45000 rad for 70 h). The sterility of these
soils was confirmed by incubating samples in yeast ex-
tract—dextrose medium. Two additional jars were filled
with 25 g (dry weight) of nonsterilized soil (controls). Four
milliliters of sterilized water containing 50 mg of [1*C]-
glucose (0.97 uCi) was then pipetted onto each soil surface
in the four jars. The soils were then incubated for 28 days
at 24 + 1 °C, and “CO, produced from [*Clglucose was
trapped at intervals during the 4-week period. Sterility
tests conducted at the end of the incubation period with
the original irradiated soils indicated that these soils were
no longer sterile.

The second study was conducted with ['*C]glucose-
treated soil to which the five amendments had been added
as described above. After 100 g (dry weight) of soil in each
of two incubation jars had been mixed with either cow
manure, sewage sludge, ammonium sulfate, captafol, or
atrazine as described, 2 mL of water containing 200 mg
of [**Cjglucose (1.0 uCi) was added to each of the soils
containing amendments and to two control soils. To fa-
cilitate a better penetration of ['“C]glucose throughout
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these soils, 10 mL of additional water was added to each
soil in the 12 incubation jars. Soils were then incubated
as described for 31 days while the released *CO, was
trapped at intervals and quantitated by LSC.

RESULTS AND DISCUSSION

Effects of Soil Amendments on the Fate of 1“C-La-
beled Insecticides in an Open Soil-Plant Microcosm.
The effects of fertilizers and captafol on the fate of soil-
applied [*C]fonofos were conducted in open systems as
shown in Figure 1A. Due to the presence of the soil
amendments, significant changes in the distribution of
radiocarbon within the soil-plant system were noticed after
the 2-week incubation period (Table I). While the total
recoveries of 4C-labeled compounds from soils plus oats
(Table I, total, S + O) were similar under all conditions
(except for ammonium sulfate), significant differences were
noticed when results from soils or oats were compared with
those of controls. Thus, more total radiocarbon was re-
covered from soils containing cow manure or sewage sludge
and considerably less from oats that had grown in these
soils.

Effects of soil amendments on the distribution of ra-
diocarbon in the extraction phases of [“C]fonofos-treated
soils were primarily noticed with cow manure. In com-
parison to controls, manure-treated soils contained less
benzene-soluble radiocarbon and less fonofos (21% of
applied as opposed to 36% in controls) but showed a sig-
nificant increase in bound “C residues (43% of applied
as opposed to 28% in controls). In the presence of sewage
sludge, an increase in bound soils residues had occurred,
while in the presence of captafol a 10-fold increase in
water-soluble radiocarbon was noticed. The pH of control
soils and of those containing also cow manure, sewage
sludge, or ammonium sulfate were initally 5.9, 6.4, 6.5, and
5.9, respectively. Fourteen days later, these figures were
4.9 (controls), 6.0, 6.5, and 5.0, respectively. Determina-
tions of the pH in captafol-treated soils are not available.

Differences observed with oats due to manure or sludge
were reflected by a 90% reduction in the formation of
water-soluble radiocarbon amounting to only 0.7% or 0.5%
of applied !C, respectively, as compared to 7.4% in con-
trols. It appears that in the presence of manure and
sludge—where an increase in binding of radiocarbon to soil
had occurred—less water-soluble C had been translocated
from soils into the leaves or the metabolism within leaves
of benzene-soluble 1“C into water-soluble radiocarbon had
been drastically reduced. The presence of ammonium
sulfate in soils, however, resulted in an increase in
water-soluble 1*C within oat greens (15% of applied as
opposed to 7.4% in controls).

For identification of organic-soluble compounds, benzene
extraction phases of both soils and oats were also analyzed
by TLC, autoradiography, and GLC (soils only). Results
are shown in Figure 2, where the right-hand column
presents in figures the total amounts of benzene-soluble
radiocarbon recovered from soils and oats (expressed in
percent of soil-applied *C). The horizontal bar graphs,
however, depict the percent distribution of the various
compounds in these benzene extraction phases. It is ev-
ident, that fonofos was the major compound recovered
from soils, amounting from 49% to 72% of all benzene-
soluble compounds. In oat greens, however, most of the
14C recovered (1% or less of the soil-applied radiocarbon)
was associated with the fonofos breakdown product methyl
phenyl sulfone (MPSO,). Small amounts of the oxygen
analogue of fonofos (F=oxon in Figure 2) were found in
both soils and oats. Compounds recovered in trace
quantities (“others” in Figure 2) were thiophenol, diphenyl
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Figure 2. Metabolism of [ring-*C]fonofos in soils and plants
growing in an open system. Data are based on TLC of the organic
extraction phase, followed by autoradiography, LSC, and GLC
(soils). MPSO, = methyl phenyl sulfone; F=oxon = oxygen
analogue of fonofos; others = thiophenol, diphenyl disulfide, and
2-, 3-, or 4-hydroxymethyl phenyl sulfone.

disulfide, and 2-, 3-, or 4-hydroxymethyl phenyl sulfone.
As demonstrated by Liang and Lichtenstein (1980) with
houseflies, only fonofos (0.1 ug/fly) and its oxygen analogue
(0.1 ug/fly) are insecticidal and “no mortalities were ob-
served after flies had been treated with 1 ug of methyl
phenyl sulfone, thiophenol, diphenyldisulfide, or one of the
hydroxy methyl phenyl sulfone compounds”. It is evident,
therefore, that after 2 weeks of incubation, soils still con-
tained 20% to 38% of the applied fonofos (Table I), while
nearly all of the radiocarbon recovered from oat greens was
associated with detoxified, noninsecticidal metabolites of
fonofos.

As shown in Figure 2, relatively more MPSO, was re-
covered from soils amended with cow manure and less from
soils amended with ammonium sulfate. The addition of
captafol to soils, however, suppressed the production of
MPSO0,, which amounted to only 5% of all benzene-soluble
14C in the soil.

Experiments identical with those described for [*C]fo-
nofos in open systems were also conducted with [C]-
parathion. As shown in Table II, the effects of soil
amendments on the fate of [1“C]parathion were quite
pronounced, although they were different in nature from
those observed with [14C]fonofos. The overall recoveries
(total, S + O in Table II) of [**C]parathion-derived ra-
diocarbon were larger in the presence of sewage sludge and
captafol, due to larger recoveries from soils. In the pres-
ence of ammonium sulfate, however, the total recovery of
radiocarbon was slightly small than in controls. Due to
the presence of manure, recoveries of benzene-soluble C
and of parathion (determined by GLC) from soils were
drastically reduced and to a lesser extent in the presence
of sludge and ammonium sulfate. Conversely, the presence
of captafol resulted in an increased persistence of parathion
as determined by GLC.

Most noticeable were the effects of these soil amend-
ments on the production of unextractable, bound 4C
residues in soils. While in control soils 31.7% of the ap-
plied radiocarbon was associated with bound soil residues,
the presence of manure and sludge increased these bound
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Figure 3. Metabolism of [ring-1C]parathion in soils and plants
grown in an open system. Data are based on TLC of the organic
extraction phase, followed by autoradiography, LSC, and GLC
(soils). PS = parathion; PO = paraozon; PO-NH,; = amino-
paraoxon; others = aminoparathion and p-aminophenol.

residues to 51% and 61% of applied, respectively, while
ammonium sulfate and captafol drastically decreased the
formation of bound residues. It appears that in particular
captafol inhibited soil microorganisms responsible for the
reduction of parathion to amino compounds, which in turn
are bound to soils (Katan and Lichtenstein, 1977). This
might explain one of the reasons for the increased per-
sistence of the originally applied parathion and the de-
creased binding of [“C]parathion derivatives in capta-
fol-treated soils. Results relative to the binding of [*C]-
parathion-derived radiocarbon are different from those
observed with [#C]fonofos. This was not surprising, since
previous investigations with [“C]fonofos showed that the
mechanism of binding to soil is different than that ob-
served with [1“C]parathion (Lichtenstein et al., 1977).

The amounts of 1*C water-soluble compounds produced
in [*C]parathion-treated soils increased from 11% of ap-
plied in controls to 24%, 28%, and 42% of applied in the
presence of manure, ammonium sulfate, and captafol, re-
spectively, and decreased to 2.5% of applied when sewage
sludge had been added.

Oat leaves grown in these soils contained small amounts
(0.2-0.5% of applied or 0.05-0.09% /g of fresh greens) of
radiocarbon. On the basis of TLC, autoradiography, and
GLC (soils only), parathion was the major compound re-
covered from the benzene extraction phases of both soils
and oat greens (Figure 3), although in greens the actual
amounts were minimal. Paraoxon, aminoparaoxon, and
p-nitrophenol were the major metabolites detected.

All data, therefore, indicate that the effects of soil
amendments on the fate of [C]parathion in these soil-
plant systems were primarily noticeable with soils, where
they especially affected the production of bound and
water-soluble [“C]parathion derivatives. In plants, how-
ever, effects were not noticeable.

So that potential insecticidal activity of oat greens grown
in fonofos or parathion-treated soils could be tested or-
ganic-soluble compounds extracted from leaves were also
bioassayed with fruit flies (Drosophila melanogaster Meig.)
as described by Lichtenstein (1960). In a separate ex-
periment, two containers as shown in Figure 1A were each
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Table IV. Effects of Fertilizers,® Difolatan, and Atrazine® on the Fate of Insecticides in a Loam Soil Incubated for 28 Days

in a Closed System at 24 + 2 °C¢

4C recovered from soil treated? with

[*C]fonofos

[**C]parathion

soil plus “CO0,° bound’ “CO, bound
Percent of Appliedd
none (control) 16.7+ 0.5 30.8+ 0.4 23.2:+ 1.1 48,5+ 0.1
Percent of Control (=100)
cow manure 7.8% 99.4 4.3h 178.68
sewage sludge 21.6% 78.3h 4.3h 172.88
ammonium sulfate 61.7" 97.1 85.3¢ 84.1%
captafol 2.48 89.0! 4,38 46.08
atrazine 26.4" 115.9¢ 26.7% 79.4M

@ As in Table I, except that 4.5 g dry powder of manure or sludge per 100 g of soil was added. ? Difolatan or atrazine was
mixed with soil at 100 ppm (10 mg/100 g of dry soil). ¢ Results are averages of duplicated tests. ¢ [ring-**C]Fonofos
(0.69 uCi) or [ring-**C]parathion (1.1 uCi) was mixed with 100 g of soil (dry weight) at 4 ppm. ¢ Cumulative *CO, trapped
over a 28-day incubation period in KOH within the closed system. ! Bound = unextractable **C soil residues. £/ Data are
significantly different from controls (none) at the 0.1% (g), 1% (&), and 5% (i) level (Student’s ¢ test).

filled with soil treated with fonofos at 4 ppm, two with
parathion treated at 4 ppm, and two with untreated soil
(control). Oat greens were harvested after a 2-week
growing time in these soils and were extracted as described.
Duplicate organic solvent extracts, representing 5.8, 5.6,
and 5.7 g (fresh weight) of oat greens from fonofos-treated
soils, from parathion-treated soils, and from control soils,
respectively, were transferred into bioassay jars. As an
additional control, only solvents were pipetted into two
bioassay jars. After evaporation of these solvents, fruit flies
were exposed to the dry residues in the eight jars and held
for 48 h. At the end of the exposure period to solvent
controls, oat extracts from nontreated soils, fonofos-treated
soils, and parathion-treated soils insect mortalities of 4%,
6%, 4%, and 33%, respectively, were observed. Data,
therefore, indicate, that only oat greens from parathion-
treated soils exhibited some toxicity to fruit flies.

Effects of Soil-Applied Atrazine on the Fate of
Insecticides in a Soil-Corn System. Since corn plants
were used in experiments with atrazine, results are re-
ported separately in Table III. On the basis of analyses
by GLC of the benzene extraction phase of soils (IN in
Table III), both fonofos and parathion were more per-
sistent in the presence of atrazine. Binding of radiocarbon
to soils was increased with [1*C]fonofos but decreased with
[“C]parathion. In addition, more water-soluble C com-
pounds had been produced from both insecticides in the
presence of the herbicide.

Corn greens grown in [“C]fonofos-treated soils (controls)
contained a total of 15% of the applied radiocarbon but
only 11% when atrazine was also present. As shown in
Table III and Figure 2, respectively, most of these residues
in corn were in the form of water-soluble fonofos metab-
olites and 81% of the benzene-soluble radiocarbon was
associated with the noninsecticidal methyl phenyl sulfone.

Corn greens grown in [*C]parathion or [“C]parathion
plus atrazine treated soils contained only 0.6% and 1.1%,
respectively, of the originally soil-applied radiocarbon. Of
these residues, over one-third were water-soluble metab-
olites (T'able III) and most of the benzene-soluble radio-
carbon was in the form of parathion (Figure 3).

Effects of Soil Amendments on the Fate of “C-La-
beled Insecticides in a Closed Soil Microcosm. Since
these experiments were conducted in closed systems
(Figure 1B) without plants, results obtained cannot be
strictly compared with those obtained with open systems.
Furthermore, soils in closed systems were incubated for
28 days as opposed to 14 days with open systems. How-
ever, soil amendments did alter the fact of both [*C]fo-
nofos and [*C]parathion in soils incubated in closed sys-

tems. Although analytical data for benzene-soluble and
water-soluble radiocarbon are available, the most signifi-
cant effects of the soil amendments were noticed in the
production of “CO, and of bound “C residues and are,
therefore, reported here. Data presented in Table IV show
the recoveries of 14CQ, and of bound **C compounds for
controls in percent of the amounts of *C-labeled insec-
ticides applied to soil. However, data pertaining to the
effects of the various soil amendments are expressed rel-
ative to controls and were calculated as *C recoveries in
percent of those determined for controls (=100%). Pro-
duction of *CQ, from the “C-labeled insecticide treated
soils was significantly inhibited by all amendments. With
[14C]fonofos this inhibition was most pronounced in the
presence of captafol (2.4% of control or 97.6% inhibition)
and cow manure (7.8% of control or 92.2% inhibition).
With [“C]parathion, 95.7% of inhibition was noticed with
cow manure, sewage sludge, or captafol. Since microor-
ganisms affect the persistence of insecticides in soils
(Lichtenstein and Schulz, 1964) and also the formation of
unextractable soil-bound insecticide derivatives (Katan
and Lichtenstein, 1977), it appears that the soil amend-
ments indirectly inhibited the production of CO, by di-
rectly affecting soil microorganisms. No lipid-soluble
volatile “C was found in the polyurethane traps.

The production of soil-bound *C residues was also af-
fected by the amendments (Table IV). With [*C]fonofos,
less binding occurred in the presence of sewage sludge and
captafol and more with atrazine. With [1*C]parathion,
however, increased binding was noticed with cow manure
and sewage sludge and decreased binding with the re-
maining amendments.

Data, therefore, indicate that the two insecticides were
affected in different ways. This makes it difficult or im-
possible to draw general conclusions from results obtained
with one particular chemical.

Effects of Captafol and Atrazine on Populations of
Microorganisms in [“C]Parathion-Treated Soil.
Populations of fungi or bacteria in parathion-treated soils
(controls) and in soils containing also captafol or atrazine
were estimated by using selective agar media. After a
3-day incubation period, no fungal growth had occurred
on plates inoculated with microorganisms from soils that
had also been treated with captafol or atrazine, but bac-
terial colonies had appeared (Figure 4). The fact that
atrazine also inhibited fungal growth was somewhat sur-
prising, although this phenomenon has been reported. As
stated by Kaiser et al. (1970) “triazines have highly variable
effects on the soil mycoflora. They have no action at times
(four authors), they stimulate the mycoflora of certain
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of the applied radiocarbon, respectively. Conversely,
captafol and atrazine significantly increased the production
of 4CO, to 56.9 + 0.4% and 57.3 £ 3.3%, respectively.
Ammonium sulfate in [*4C]glucose-treated soils, however,
had no effect. Soil amendments apparently affected cer-
tain soil microorganisms that were responsible for the
breakdown of [1C]glucose to 4CO,. It is conceivable,
therefore, that the effects of soil amendments on the fate
of fonofos or parathion in soils also took place via an effect
on soil microorganisms, although different groups might
have been involved.

Results obtained with the insecticides under the dif-
ferent environmental conditions do show that soil
amendments affect the persistence, metabolism, and
translocation of both fonofos and parathion in soil and
plants but the nature of these effects was different for each
insecticide and no general conclusions can be drawn. It
appears that the effects of some amendments occurred via
a direct effect on 80il microorganism populations that in
turn are responsible for the degradation of the insecticides.
In addition, organic fertilizers such as cow manure and
sewage sludge are not of a specific, fixed chemical and
microbiological composition. Their qualitative and
quantitative makeup could be dependent on the source of
the fertilizer and possibly on the food of the producing
organism at a particular time. The major fact, however,
is that the soil amendments did in one way or another
change the fate and metabolism of the insecticides under
the experimental conditions employed. It is for these
reasons that the behavior and fate of pesticide chemicals
in the agricultural environment should be studied by
taking various ecological factors into consideration.
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Short-Term Fate of Mirex and 2,8-Dihydromirex in Rats

Janice E. Chambers,* Roger S. Case, Earl G. Alley, and James D. Yarbrough

Adult female and male rats were given a single oral dose of 38 ug of either [14C)mirex or 2,8-dihydro-
[4C)mirex. Less than 0.6% of the mirex and 0.1% of the 2,8-dihydromirex doses were excreted in the
urine during the 2-week period in either sex. During the first 2 days, fecal elimination of greater amounts
of mirex in both sexes indicated that less mirex than 2,8-dihydromirex was absorbed. Fecal elimination
between 3 and 14 days was about 3% and 1-2% of the mirex and 2,8-dihydromirex doses, respectively.
Both compounds accumulated in the highest concentrations in fat. Concentrations of radioactivity in
a number of tissues declined between 1 and 2 weeks. The patterns of distribution and excretion of mirex
and 2,8-dihydromirex were very similar, indicating that the latter, a dechlorinated derivative of mirex,
is no more readily eliminated than is the parent compound.

Mirex is a chemically stable compound composed of a
polycyclic carbon skeleton with all available valences oc-
cupied by chlorine atoms. It is extremely refractory to
biodegradation but is degraded slowly photochemically to
hydrogen and/or oxygen-substituted derivatives (Ivie et
al., 1974a). Some of these photodecomposition products
are more polar and more water soluble than mirex and are
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sissippi State, Mississippi 39762.

potentially more susceptible to biotransformation and
excretion (Ivie et al., 1974¢).

Mirex is extremely lipophilic and resistant to metabo-
lism; therefore, it partitions readily into animal fat and has
a high potential for bioaccumulation. The disposition and
excretion of mirex have been studied in the laboratory rat,
Japanese quail, mosquitofish, rhesus monkey, goat, and
cow (Gibson et al., 1972; Mehendale et al., 1972; Dorough
and Ivie, 1974; Ivie et al., 1974b,c; Pittman et al., 1976;
Smrek et al., 1978). In these studies, mirex was retained
for long periods in body fat, and it was excreted at low
rates in the feces and in only trace amounts in the urine.
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