Table VIi. Radioactivity of Tri-

carboxylic Acid Cycle Compounds

Isolated from Diazinon-‘C Sprayed
Tomatoes in Chamber

Weight of
Sample Tomato Pulp Counts per
Number Used, G, Minute
1 10 26
2 10 22
3 15 27

Table Vill. Radioactivity and 2-
Isopropyl - 4 - methylpyrimidin - 6-
ol Content of Tomatoes Sprayed

with Diazinon-*C in Chamber
Purified
Compound D.P.M. per Residue
Sample Recovered, 41 Grams Content,
Number % of Tomatoes  P.P.M.
1 72 9080 0.03
2 32 9216 0.03
adding the unlabeled compound to

tomato pulp filtrate from spraved plants
had the radioactivity shown in Table
VIII. The fact that the 2-isopropyl-4-
methylpyrimidin-6-ol isolated (and puri-
fied to constant specific activity) had sub-
stantial radioactivity is conclusive proof
that this compound is a metabolite of
Diazinon in tomato plants.
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Chro-

matographic and spectral methods of analysis were used to identify the metabolite as 2-

chloro-4-amino-6-isopropylamino-s-triazine.
reported to occur in other higher plants, was not detected.

Hydroxyatrazine, the major
Results indicate that an alter-

metabolite

nate pathway other than the degradation of 2-chlorotriazine to the 2-hydroxy analog

exists in higher plants.

TRAZINE  (2-chloro-4-ethylamino-6-
A isopropylamino - s - triazine) and
simazine [2-chloro-4,6-bis(ethylamino)-
s-triazinz] are initially degraded to the
2-hydroxy derivative in several species
of higher plants (7, 2,6,7,9,72). The
tolerance of corn, Zea mays, L., to these
herbicides is believed to be due largely
to its ability to degrade simazine (7, 4,
7, 72) and atrazine (70) to hydroxy-
simazine [2 - hydroxy - 4,6 - bis(ethyl-
amino)-s-triazine] and hydroxyatrazine
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(2 - hydroxy - 4 - ethylamino - 6 -
isopropylamino-s-triazine). The detec-
tion of large amounts of the hydroxy
derivative, in both in vivo and in vitro
simazine metabolism studies (7, 7, 72),
established hydroxysimazine as the major
degradation product. This reaction may
occur with all chlorotriazines (9).

More recently, it was reported that in
the soil fungus, Aspergillus fumigatus,
Fres., the major product of simazine
degradation was 2-chloro-4-amino-6-

ethylamino-s-triazine (8). Experiments
with chain-labeled simazine-C'* have
shown that the metabolism of the alkyl
side chain does occur in higher plants (3).
However, the results presented (3) sug-
gested that side-chain metabolism oc-
curred subsequent to an initial
hydroxylation reaction at the 2-chloro
position.  Dealkylation of a chloro-
triazine, as demonstrated with A. fumi-
gatus, has not been reported to occur in
higher plants.






indicated the presence of two spots with
higher R; values (0.75, 0.63) and one
with lower R, (0.44) than hydroxyat-
razine (0.57). However, no detectable
amount of hydroxyatrazine was present.

The degradation of simazine to
hydroxysimazine is known to occur non-
enzymatically (7, 7, 73) and is catalyzed
by the cyclic hydroxamate, 2,4-
dihydroxy - 3 - keto - 7 - methoxy - 1,4-
benzoxazine (benzoxazinone). Plants
lacking in benzoxazinone failed to pro-
duce hydroxysimazine when treated with
simazine (6). Similar results can be
expected from atrazine treatment. An
attempt to identify benzoxazinone from
the shoots of mature pea plants (53 grams
fresh weight) was made by a method
used by Hamilton (6). The extract was
spotted on silica gel-HF thin-layer plates
(300 micronsin thickness) and developed
in solvent A (Table I). Benzoxazinone
(R; 0.54) and its glucoside (R, 0.14)
extracted from corn-root tips plus
authentic benzoxazinone were used as
references for detection by spraying
thin-layer chromatograms with 2%
FeCl; in acetone (74). No detectable
amounts of the catalyst were found in
the shoots of mature pea plants. The
lack of any appreciable amount of ben-
zoxazinone may account for the absence
of hydroxyatrazine in the tissue.

The slightly more polar nature of the
major metabolite as compared with
atrazine, and the absence of hydroxy-
atrazine, suggested that the unknown
compound may be a dealkylated product
similar to that reported in the soil
fungus treated with simazine (8). How-
ever, in contrast to simazine, the
dealkylation of atrazine can result in
two possible compounds: 2-chloro-4-
amino - 6 - isopropylamino - s - triazine
(I) and 2-chloro-4-amino-6-ethylamino-
s-triazine (II). To identify the metabo-
lite, authentic atrazine and compound
II were obtained from commercial
sources, and compound I was prepared
by the method of Thurston et al. for
2 - chloro - 4 - amino - 6 - alkylamino-
s-triazines (76) [2 - chloro - 4 - amino-
6 - isopropylamino - s - triazine, m.p.
135-137° C.; reported m.p. (5) 134.5—
136.5° C.1.

The migration on a thin-layer chro-
matogram of atrazine and compounds I
and Il were compared with those of
radioactive atrazine and the metabolite
extracted from plants. The results
(Table I) suggested that the metabolite
was compound I.  Compounds with
R; values similar to atrazine and com-
pound I were also detected in the chloro-
form-soluble fraction of nonradioactive,
atrazine-treated plants. Gas chromato-
graphic separation of the nonradioactive,
chloroform-soluble fraction gave two
peaks, atrazine (relative tz 1.0) and a
metabolite (relative ¢z 2.0), which agreed
with the relative retention times of
authentic atrazine and compound I
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(Table I). Both peaks were also found
to be positive to the electron-affinity
detector, strongly indicating the presence
of chlorine in the metabolite. Com-
pound II was not detectable by thin-
layer or gas-liquid chromatography.

The relative amounts of metabolite
and unchanged atrazine were determined
by gas-liquid cochromatography of the
radioactive and nonradioactive chloro-
form-soluble fractions. Since the quan-
tity of labeled atrazine and metabolite
was not sufficient to give a positive re-
sponse with the flame ionization detector,
the radioactive sample was diluted with
nonradioactive sample prior to separa-
tion and collection of Cl4-labeled com-
pounds. Collection and assay of the
effluent at the peaks and at the zones
between the peaks indicated that G4
activity was predominantly present in
the peaks at relative retention times of
1.0 and 2.0 (Table II). The ratio of
metabolite to atrazine, calculated from
the results in Table II, indicated that the
metabolite concentration was 1.2 to 2.0
times greater than unchanged atrazine.
Compound I can occur as an impurity
in samples of atrazine, but it was reported
to be present in small amounts (75).
In shoots of peas, the detection of high
concentrations of the metabolite ruled
out the possibility of artifacts from im-
purities. Such impurities were negli-
gible upon thin-layer chromatography
of the authentic atrazine-C'4 used in the
experiments (Figure 1).

Identification was further confirmed
by comparison of infrared spectra of com-
pound I and the metabolite. The
spectra were superimposable. The spec-
trum of the metabolite isolated from the
shoots of mature pea plants is given in
Figure 2. The results confirmed the
identity of the metabolite as 2-chloro-4-
amino-6-isopropylamino-s-triazine.

Discussion

A major product in the degradation
reaction of atrazine in the shoots of
mature pea plants was identified as the
dealkylated  compound,  2-chloro-4-
amino-6-isopropylamino-s-triazine. Ap-
proximately 109, of the atrazine ab-
sorbed by roots and translocated to the
shoots was water-soluble, but no hy-
droxyatrazine was detectable in this
fraction.

The ability of corn to degrade atrazine
to hydroxyatrazine has been attributed
as the factor responsible for the tolerance
of this species to atrazine. However,
some doubt has been raised as to the
relationship between degradation and
tolerance in several species (6). Sor-
ghum, which has considerable resistance,
was found to be lacking in benzoxazinone
and no conversion of the chlorotriazine
to the hydroxy derivative occurred,
although other susceptible species, con-
taining benzoxazinone, were capable of
effecting such a conversion (6). A situa-

Table I. R, Values and Relative
Retention Times of Substituted s-
Triazines and Metabolite

Solvent Systems Relative
Compound A B® tr
Atrazine 0.87 0.37 1.0
Ie 0.80 0.26 2.0
I1é 0.80 0.22 2.7
Metabolite 0.80 0.206 2.0
OH-atrazine 0.27 0.00 0.0¢

@ Benzene—acetic acid—water (50:50:3).

» Benzene-acetic acid (50:4).

¢ (2-Chloro-4-amino-6-isopropylamino-s-
triazine).

¢ (2-Chloro-4-amino-6-ethylamino - s - tri-
azine).

¢ Hydroxyatrazine did not chromato-
graph under the conditions used.

Table Il. Distribution of C'¢ Activity
Separated by Gas-Liquid
Chromatography

Per Cent of Total C!* Activity
Chromatographed?®

Zone Experiment 1 Experiment 2
AP 1.2 1.0
Be 31.4 40.8
Cd 1.5 4.7
De 62.2 50.1
E/ 3.7 3.4

¢ The wvalues are the average of two
separations based on 15-microliter injec-
tions of concentrated chloroform-soluble
fractions.

¥ Solvent front and
atrazine peak.

¢ Atrazine peak (relative retention time

interval before

1.0).

4 Interval between B and metabolite
peak.

¢ Metabolite peak (relative retention
time 2.0).

I Interval between D and relative reten-
tion time 3.0.

tion similar to that of sorghum occurred
in peas, except that the mature pea plant
was moderately susceptible to atrazine.
These plants were severely injured or
killed within 12 days in a 1-p.p.m. cul-
ture solution of atrazine.

A positive relationship between sus-
ceptibility and the amount of atrazine
absorbed was not present in several
species of varying tolerances, but a defi-
nite relationship between susceptibility
and the amount of unchanged atrazine
present in plants was reported to exist
(77). Such results suggest that suscepti-
bility of a given species to atrazine is
primarily related to its inability to metab-
olize or alter the original molecule. Al-
though it has been postulated that the
first step in the metabolism of atrazine
involves hydroxylation at the 2-position
(7, 7, 72), this investigation revealed that
another initial reaction in the metabolism
of the herbicide is present in higher
plants. This indicated that at least two
pathways are involved in the initial
degradation of atrazine. The moder-
ately susceptible pea plant was ap-
parently incapable of converting atrazine
to hydroxyatrazine. But it had an ac-
tive system, capable of metabolizing or



100

80|
60
40
20]

100 I

3500 3000

TRANSMITTANCE (%)

80

60\

49

23

: | I

2500 2000 1500

) i i |

300 1200 1100 1000

900

800 700 600 500 400

FREQUENCY (CM~! )

Figure 2.

Infrared spectrum of 2-chloro-4-amino-6é-isopro-

pylamino-s-triazine isolated from shoots of mature pea

plants

The compound was collected on KBr as the effluent from the gas chromato-
graphic column and pressed into 1.5-mm. diameter pellets

altering the original atrazine molecule
that resulted in the accumulation of 1.2
to 2.0 times as much dealkylated product
as atrazine within 48 hours. Therefore,
susceptibility of the pea plant to atrazine
was not due to its inability to metabolize
atrazine. If this is true. the amount of
unchanged atrazine found in some species
may not necessarily be correlated with
its tolerance. Although some herbicidal
activity has been atwributed to 2-chloro-
4-amino-6-isopropylamino-s-triazine (4),
no tolerance study of peas to this com-
pound has been reported.  Apparently,
an alternate pathway other than the
degradation of 2-chlorotriazine to the

RESIDUES IN SOYBEANS

2-hydroxy analog exists in some higher
plants. The importance of this pathway
with regard to the resistance or suscepti-
bility of a species will require further in-
vestigation.

Results indicate that in mature pea
plants the principal degradation reaction
of atrazine is the dealkylation of the ethyl
group at the 4-position of the triazine
ring. The second possible product, 2-
chloro-4-amino-6-ethylamino- s- triazine,
was not detected. Subsequent metab-
olism ol the dealkylated product may
follow closely the proposed pathway for
simazine degradation in the soil fungus
A. fumigatus (8).

Insecticide Residues in Soybeans Grown
in Soil Containing Various Concentrations
of Aldrin, Dieldrin, Heptachlor, and

Heptachlor Epoxide

SE\"ERAL Investigations have reported
on the translocation of aldrin,
dieldrin, heptachlor, and heptachlor
epoxide in crops grown on treated soil.
Lichtenstein (5-8), working with vege-
table crops. found the highest residues
in root crops such as carrots and radishes.

Peanuts grown in soil treated with aldrin
and heptachlor contained significant
amounts of dieldrin, heptachlor, and
heptachlor epoxide, as reported by Beck
(7) and Bruce (2). Soybeans grown on
heptachlor-treated soil contained hepta-
chlor and heptachlor epoxide according
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to Eden and Arthur (4). Bruce (2)
established a direct relationship between
oil content of seeds and residue content
of crops grown on aldrin- and hepta-
chlor-treated soil.

Because of the economic importance
of soybeans in Illincis and the large
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