


Chromosorb W. Carrier: helium, 30 cc. per minute.
Temperatures: injection port = 270° C.; detector =
300° C.; oven = 150° C. isothermal for aniline, 200° C.
for DCA and Ramrod, 250° C. for all other compounds.
Peaks were quantitated by comparing their heights to
appropriate calibration curves.

Thin-layer chromatographic separations were per-
formed on Eastman Chromagram sheets (silica gel with
fluorescent indicator) developed with benzene. Spots
were located under ultraviolet light. Infrared spectra
were recorded in KBr pellets with a Perkin-Elmer Model 21
spectrograph.

RESULTS AND DISCUSSION

Preliminary tests demonstrated that losses of aniline,
DCA, and Ramrod occurred if soil samples were dried be-
fore extraction, if extraction was performed using a Soxhlet
apparatus, or if acetone extracts were concentrated by
evaporation. These losses were avoided, however, because
the sensitivity of the flame ionization detector to aniline,
DCA, and Ramrod was great enough for analyses to be
made directly on untreated extracts. There were no losses
of propanil, Dicryl, Karsil, azobenzene, or TCAB during
concentration of acetone extracts of soil.  Since recoveries
from soil of added anilide herbicides, aniline, DCA,
azotenzene, and TCAB varied between 90 and 1109, the
results of analyses by quantitative gas chromatography
were used without correction.

Residues isolated from soil samples that were treated
with propanil, Dicryl, and Karsil and incubated for 2 weeks
were identified as DCA and TCAB by their retention times
in the gas chromatograph, their movement on thin-layer
plates, and their mealting points (Table I). Furthermore,
the infrared spzctra of purified metabolites and authentic
DCA and TCAB were compared and were identical (Fig-
ure 2).

The results of respirometric and gas chromatographic
measurements on herbicide-treated soil samples are sum-
marized in Figure 3. Soils that received propanil, Dicryl,
or Karsil displayed an initial increase in oxygen consump-
tion. The effect was interpreted as evidence for the bio-
logical oxidation of the carbon that comprised the ali-
phatic side chain of the added compounds. This transient
increase was followed by a depression of the respiration
rate, caused by inhibitory products arising from the deg-
radation of these herbicides. On the basis of respiro-
metric data, Ramrod was the anilide least subject to oxida-
tion in soil. Gas chromatographic analyses supported
this cenclusion, since after 21 days the decrease in Ramrod
concentration was only 109, and no evidence was ob-

Table 1. Melting Points, R; Values, and Retention Times
of Some Anilide Herbicides and Degradation Products

M.P., Retention, Sec.
Compound “C. R 200° C. 250° C.
Propanit 92 0.10 o 33
Dicryl 124 0.23 o 38
Karsil 105 0.30 oL 56
Ramrod 75 0.13 70
DCA 71 0.65 38 S
TCAB 158 0.95 140

FREQUENCY (CM™)

20000 5000 3000 2000 1400 1200 1000 900 800 700
— /‘!‘ﬂ/“ - /"{ IS
=0~ IR
N /J/Mrﬂ\“\ /’]‘N/ “/1”‘ \ V V ‘H ¢
A \‘ﬁ //w‘\wﬂ Ii }‘, ; — v
B /—N\'u A“,’w \W“/l/“r/\‘ J/‘ |/ ' ’/\\
Yy W (AR V/'ﬂﬂ J
' IR Ve ey ayavA
Y e G S Ve
D — 4 : Y i
o [THRE 4 i

Figure 2. Infrared spectra

Authentic 3.4-dichloroaniline (A4), 3,3’.4.4'-tetrachloroazoben-
zene (£), and substances isolated from soil treated with
propanil (B. F), Dicryl (C. G), and Karsil (D, H)
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Figure 3. Oxygen uptake and herbicide transforma-
tion in soil

Oxygen uptake curves are differences between treated
and control soil samples (positive values indicate
increased O, consumption, negative values represent
inhibition). Shaded bars represent unaltered herbi-
cide, solid bars 3,4-dichloroaniline, and open bars
3,3’.4.,4’-tetrachloroazobenzene. Metabolites are rep-
rgegented in milligram-equivalents of their parent herbi-
cide
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tained for production of an aniline or azobenzene from
Ramrod in soil. The inhibition of respiration in Ramrod-
treated soil was apparently not caused by metabolites but
by the herbicide itself. At the same level of application
(500 p.p.m.), no respiratory inhibition was caused by
unchanged propanil, Dicryl, or Karsil. At normal field
application levels all the described respiratory inhibitions
are expected to be insignificant.

The degradation rates of the three 3,4-dichloro-
acylanilides correlated with the number of carbon atoms in
their aliphatic moiety. Propanil (C;) was subject to the
fastest degradation; Dicryl (C;) decomposed more slowly;
Karsil (Cs) was the most persistent. This decrease in
degradaticn rate of chloroanilides with increased length of
the aliphatic moiety may be explained either by the hydro-
phobic properties of longer aliphatic chains rendering
compounds less soluble in water, or by the possible inter-
ference of such chains with the formation of an enzyme-
substrate complex during biochemical degradation.

The early production and subsequent disappearance of
DCA suggested that this compound was an intermediate
in the formation of TCAB from propanil, Dicryl, and
Karsil. The percentage of TCAB produced in 21 days
from the decomposed portion of propanil, Dicryl, and
Karsil was 22, 17, and 29%, respectively. DCA and
TCAB combined did not balance the disappearance of the
parent herbicide. Separate studies demonstrated that
added DCA rapidly disappeared from soil, but not all of
the transformed aniline was recovered as TCAB. After
incubation in soil for 21 days, added TCAB was recovered
quantitatively and could be considered persistent at least
for the duration of the experiment. Consequently, the
lack of balance between decomposed herbicide and re-
covered metabelites indicated that DCA liberated from the
3.4-dichloroacylanilides was converted not only to TCAB
but also to other, as yet unidentified, products. Respiro-
metric evidence did not support the possibility of extensive
oxidation of DCA (Bartha er al., 1967). However,
red-brown residues present in extracts of treated soils
may represent complex polyaromatic products of conden-
sation of DCA with itself and/or with its derivatives. In
several separate experiments the proportion of the DCA
that could be recovered as TCAB varied from 22 to 4697,
but factors controlling the rate and extent of the transfor-
mation and the identity and number of unknown reaction
products remain to be investigated. The respiratory
inhibition of soil caused by the transformation products of
propanil, Dicryl, and Karsil did not correlate well with the
measured concentrations of either DCA or TCAB.
Apparently, the as yet unidentified metabolites are primar-
ily responsible for this effect.

Gas chromatographic analyses failed to detect aniline or
azo compoeunds in extracts of control soils that were steril-
ized with steam before treatment with filter-sterilized
herbicide solutions, or in extracts of unsterile, herbicide-
treated soils that were poisoned with the metabolic in-
hibitors NaN; and HgCl,. Moreover, no TCAB was
formed from DCA by these control soils. It was con-
cluded, therefore, that the production of aniline and azo
compounds from propanil, Dicryl, and Karsil in un-
sterilized soil was the result of a series of biochemical
transformations mediated by soil microorganisms.
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One objective of the present comparative study of anilide
herbicides was to correlate molecular configuration with
stability and with residue formation in soil. Although
tests were performed with only four compounds, some
relationships were apparent, and it will be of future inter-
est to use different and new anilides to test the validity of
the following generalizations: 3,4-Dichloroacylanilides
are degraded microbiologically in soil and, within the tested
range, the rate of transformation is an inverse function
of length of the aliphatic side chain. The degradation
liberates 3,4-dichloroaniline and in soil this compound
undergoes biochemical condensation to 3,3'4.4'-tetra-
chloroazobenzene. Other unidentified products are pro-
duced simultaneously. Alkyl substitution of the anilide-
nitrogen of an acyl-anilide greatly increases stability in soil.

Since substituted aniline moieties are present in phenyl-
carbamate and phenylurea herbicides, and since they have
been described as residues of the degradation of these
compounds in soil (Dalton er al., 1966; Geissbiihler er al.,
1963; Kaufman and Kearney, 1965; Kearney, 1965;
Kearney and Kaufman, 1965), the significance of condensa-
tion reactions and the azo compounds they produce ex-
tends beyond the present interest in anilide herbicides.
Resistance of some plant species to propanil was attributed
to their ability to degrade the herbicide with the release of
DCA (Still and Kuzirian, 1967). Therefore, plant tissue
may be an additional source of aniline residues that may
enter soil and undergo transformation in part to azo com-
pounds.

A literature search failed to reveal any data on the bio-
logical activity of chlorinated azobenzenes. Since some
azo compounds are known to be carcinogenic (Weis-
burger and Weisburger, 1966), TCAB was synthetized in
bulk and a sample was sent to the National Cancer In-
stitute for evaluaticn of the safety of this relatively per-
sistent residue. The outcome of this study should indi-
cate whether or not any public health significance is at-
tached to the described biochemical herbicide transforma-
tions.
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