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INTRODUCTION
Butachlor, 2-chloro-27, 6/~diethyl-N-(butoxy-
methyl) acetanilide, has now been in wide
use as a preemergence herbicide for the main
crops, including rice plant in Korea. In this
connection, the elucidation of its degradation
products is believed to be very important in
terms of environmental safety. Degradation of

an analogous herbicide, alachlor by a common

soil fungus, Chaetomium globosum produced
chloride and four organic metabolites: 2-chloro-
2/, 6/-diethyl acetanilide, 2, 6-diethyl-N-(metho-
xymethyl) aniline, 2, 6-diethylaniline, and 1-chl-
oroacetyl-2, 3-dihydro-7-ethylindole?.  Similar
metabolic studies were also conducted with
Antor (1-22234) and Dual (Metolachlor) herb-
icide, using Chaetomiym globosum in pure
culture®.

Environmental factors affecting the detoxica-

tion and subsequent degradtion of butachlor
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were studied and three organic soluble and five
aqueous soluble metabolites were separated.
Two of the organic soluble compounds - were
tentatively identified as the N-dealklated and
the a-hydroxy derivatives®. Several soil micro-
organisms were reported to degrade effectively
butachlor in the 0. 92M KH,PO, buffer solution
at pH 5.2 for fungi or pH 7.0 for bacteria.
Mucor sufui NTU-358 produced 2-chloro-2/,
6/-diethyl acetanilide, 2-hydroxy-2/,6/-diethyl-
acetanilide, 2, 6-diethylaniline, N-chloroacetyl-
7-ethyl-2, 3-dihydroindole, 2, 6-diethylacetanilide
and N-methyl-2-chloro-2/, 6/-diethylacetanilide
as the metabolites®. Lee® also incubated Chaeto-
mium globosum in a butachlor contained medium

and characterized the

metabolites obtained

therefrom by GLC-MS. Three commercial a-
chloroacetanilide herbicides, alachlor, butachlor,
and propachlor, were surface-applied in aqueous
solution on two soil types in the field to deter-
mine their soil half-lives. In this study, dissipa-
tion from sterilized scil was 50 times slower
than that from viable soil, indicating that micr-

obial decomposition played a majcr role in her-
bicide degradation®.

Nevertheless, no attempt has been made -f
the elucidation of the anaerobic metabolites of
butachlor. In the present investigation, unifor-
mly ring-labeled 4C-butachlor was applied to
two types of soils and incubated anaerobically
for three months. The identities of the resulting

metabolites were elucidated.

Table 1. Physico-chemical properties of the soils used

Characteristics .
Total Silt Clay  Textural pH (1: D)
; (%) (%) class 0. 0IN-
Soils (%) H,0 IN-KCl ‘eoep
Chong Ju Soil (Soil A) 43.1 41.4 15.4 Silty loam 4.83- 3.82 4.7
Chung Ju Seil (Seil B) 30.5 53.1 16.5  Clayey loam 6.43 6. 04 6.3
c oM - Available T-N Exchangeable (me/100g) - C.E.C.
(%) (%) P05 (ppm) (%) K+  Nar  Catt Mg (me/100g)
1.0L 2. 45 35 0.12- 0.08 - 0.08  2.33 1.23 7.7
1.79 2.9 7! 0-14 - 0.05 0.09 10.5 1.3 14.14
Mo

Sterila Soil 100g + o,m-—H}ZSO4 IN—-NaOH
distilled water Distilled water
100 m! 4+ {1oml) (iOml)

%
€ —butachlor

4mg {20 ppm)

. The apparatus for an anaerobic incubation of #C-butachlor in soil
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Materials and Methods

Chemicals: Butachlor of analytical grade and
uniformly ring-labeled 4C-butachlor were obta-
ined from Monsanto Agricultural Products Co.,
St. Louis, Mo., U.S.A. The C-butachlor has a
chemical and radiochemical purity of 98%. The
sample amounts to 50xCi and its specific activ-
ity was 11. 3I1mCi/mM.

Soils used: The physico-chemical properties
of the soils which were used for the anaerobic
incubation are shown in Table 1.

Anaerobic incubation: 100g of soil A and soil
B(Chong Ju sail), each, was put in 500m! Erlen-
meyer flasks and 100m! of distilled water added
to them. The flasks were thoroughly shaken to
give homogeneous mixtures. #C-butachlor solu-
tions dissclved in ethanol were added to each flask
to give a concentration of 20ppm. The initial
radioactivity of MC-butachlor added  to each
incubation flask amounts to 413, 417 dpm. As the
controls, 100g of escil A and scil B, respectively,
in 500m! erlenmeyer flasks was sterilized by
autoclaving at 121°C for 30min. This procedure
was repeated 5 times fo ensure complete steriliza-
tion. 100m! of sterile distilled water was added
to each flask in like manner. For the sterile
control soil A and soil B, two replicates were
placed and three replicates for viable soil A
and soil B, respectively. The surfaces of soils
with water of about 0.5cm
Further,

were flooded

thickness. to provide an anaerobic

condition, nitrogen gas passing through the .

cotton filter was flushed into the flask continu-
ously throughout the incubation period. The
incubation was kept at 18~20°C for three
months. 0.1 N-H,SO, and 1 N-NaOH solutions
were used to trap the volatile products and
¥CO, release from the 4C-butachlor in soils,
respectively, as shown in Fig. 1.

Measurement of radioactivity: The radio-
activities trapped in the 0.1 N-H,SO, and 1 N-
NaOH solutions were measured with an Isocap/

300 Liquid Scintillation System, Nuclear Chicago

and Beckman Model LS 8000 Scintillation Cou-
nter with an LS 9000 Data Reduction System,
Califo-

rnia. Each sample, 0.5m!, was added to the

Beckman Instrument Corp., Fullerton,
scintillation vials containing 10m! of Bray’s solu-
tion. The Bray’s solution consists of 60g of
100m! of methanol,

naphthalene, and 8g of

Omnifluor dissolved in 1 liter of dioxane.
Omnifluor® is the trademark of Pilot Chemicals,
Inc., which is a blend of 989 PPO and 2%
Bis-MSB.

Extraction of soils treated with *“C-buta-
After the

incubation of three months, the

chlor after anaerobic incubation.:
anaerobic
supernatants were separated from the soils.
The soils were air-dried by leaving them at
room temperature. About 10g of each sample
was set aside for extraction experiments. The
rest 90g of each sample was extracted with
four 100ml portions of methanol by shaking for
40min on a shaker of 180rpm. The samples
were centrifuged at -3, 500rpm for 5min. in every
extraction. The methanol extract which was
collected after filtration and combined was con-
centrated on a rotary evaporator to dryness to
remove the moisture. The residue was then
redissolved in methanol.

Distribustion of radicactivity between
agueous and organic phases in the extra-
ction of the supernatants: For the measur-
ement of total radicactivity of the supernatant
separated from the soil after incubation, 0. 5mi
of each supernatant was added to 10m/ of the
scintillation cocktail and the radioactivity was
measured. For the radioactivity of aqueous and
organic phases, 3m!/ of each supernatant and
3ml of chloroform were put in screw-capped
test tubes, and shaken vigorously. After allo-
wing them to stand for a while, the radicacti-
vities of each phase were measured by taking
0.5ml as in the case of the total radicactivity.

Measurement of radioactivities of soils
separated from supernatants.: Radioactivity
was measured with a Packard Tri-Carb Sample
Oxidizer).. Each

Oxidizer  (Tritium-Carbon
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weighed soil sample was combusted under
oxygen flushing. The resulting *CO, was trap-
ped with ethanolamine and the radioactivity
was measured in scintillation cocktail. #CO,
trapped with ethanclamine was rinsed 6 times
with methanol from the apparatus.

Gas-liquid chromatography: The analyses
were performed with a Finnigan 9500 gas chr-
omatograph equipped with a flame ionization
detector. The column was a pyrex glass of
6mm (OD)x6 ft packed with 5% SE-30 on
Chromosorb W-HP. Operating parameters were
as follows: helium carrier flow 30ml/min; ox-
ygen 20ml/min; hydrogen 100ml/min; air 40mi/
min; injection temp. 240°C; detector temp.
250°C. All analyses were made by temp-progr-
amming from 100°C to 250°C at the rate of
10°C/min.

Mass Spectrometry.:
obtained by a combination of GLC-MS using a

Mass spectra were

Finnigan 3200 Gas Chromatogaph-Mass Spectro-
meter. The electron ionization potential was 70
eV. A Finnigan MS Data System 6000 was used
for the recordings of the mass spectra.

Radioactivity scanning: In order to locate
the radioactivity on TLC plates, TLC-Scanner
LB 2760 (berthold) was used.

Thin-layer chromatography: It was accom-
plished on precoated analytical plates of silica
gel HF-254 with fluorescent indicator (layer
thickness 0.25mm, EM Laboratories Inc., Asso-
ciate of E. Merck, Darmstadt, Germany) using
a solvent system, benzene-methanol (85:15,
v/v). The separated substances were detected

under a UV lamp (254nm wavelength).

Results and Discussion

Volatile products from *C-butachlor in an
anaerobic soil condition.: Table 2 presents the
radioactivities of the volatile products from
4C_butachlor in an anaerobic soil condition in
the course of three months’ incubation. As can
be seen in this table, the amounts of volatiliz-
ation are so small throughout the incubation
period that only parts of the results are pres-
ented. In both soil A and B, the viable soils

produced more volatile products than the sterile

Table 2. Volatile products from #C-butachlor in an anaerobic seil condition

Radioactivities at each incubation period(weeks)

Initial
Treatments- Replicates radioactivity (dpm)
(dpm) 5 7 8
Soil A 1 413, 417 65.8 69 83.8
sterile 2 ” 39. 4 39.4 30.4
control Mean " 52.6(0. 01%) 54.2(0.01%)  61.6(0.01%)
Soil A 3 " 98. 4 201. 2 300.6
viable 4 /" 148 329.8 480. 4
5 " 31.8 197.2 403. 2
Mean ” 92.7(0.02%) 242. 7(0. 06) 394.7(0.1%)
Soil B 6 ” 43 75. 4 153.8
sterile 7 ” 29.8 63.8 108.2
control Mean ” 36. 4(0. 009%) 69.6(0.029%5). 131(0-03%)
Soil B 8 " 183.4 358.8 567.8
viable 9 ” 210.8 356. 2 510. 4
10 1" 176.2 286. 8 534.2
Mean ” 190. 1(0. 05%5) 333.9(0.98%) 537.5(0.1%)
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control soils, which is somewhat suggestive of
the microbial activity. However, no significant
differences were recognized between soil A and
B.

#CO, evolution: Table 3 shows the evolution
of “CO, from “C-butachlor as a function of
incubation periods in an anaerobic soil conditi-
on. As seen in table3, in both soils no great
differences were recognized between the sterile
control and viable soils. There are no differ-
ences between soil A and B, either. At the 8th
week of incubation, only an average of 0.03
and 0.05% of the initial radioactivity in viable
soil A and B, respectively, was evolved as
1C0,. This result indicates that in an anaero-
bic soil condition, the degradation of “C-buta-
chlor to 1CO, resulting from the fission of the
benzene ring is very small. Presumably, this is
partly due to the relatively low temperature
(18~20°C) and the anaerobic flooded condition,
as pointed out by Bowman v‘et al.*?, that deco-
mposition was markedly diminished in wet soil.

Distribution of radioactivity between aqu-
eous and organic phases in the solvent

extraction of the supernatants separated
from the soils: After three months of anaer-
obic incubation, each soil sample was centrifu-
ged to separate the supernatant from the soil.
the total radioactivities of the supernatants
and their distribution between aqueous and
chloroform phase in the extraction with chlor-
oform are showh in Table 4. As can seen in
Table 4, in both soil A and B, the radioactivi-
ties of the supernatants in sterile control soils
were higher than those in viable soils. In other
words, less 1#*C-butachlor was adsorbed on the
autoclaved soils. This result will presumably
be due to the fact that the organic matter and
clay in the soils which are responsible for the
pesticide adsorption were destroyed during auto-
claving, In addition, the possibility of microbial
adsorption in the viable soils can not be ruled
The

radioactivity distribution between aqueous and

out relative to the sterile control soils,

chlorcform phases is suggestive of the involvem-
ent of microorganisms in the degradation of
14C-butachlor. In the case of the sterile control

soil A, the radioactivity of chloroform phase is

Table 3. CO, evolution from !*C-butachlor in an anaerobic soil condition

Radioactivities at each incubation period (weeks)

Initial
Treatments Replicates  radioactivity (dpm)
(dpm) 5 7 8
Soil A 1 413,417 21.2 22 22
sterile 2 413, 417 32.4 85.2 108. 4
control Mean 413, 417 26. 8(0. 006%) 53.6(0.01%)  65.2(0.02%)
Soil A 3 413, 417 81.2 170.2 170.2
viable 4 413,417 104. 6 119. 4 119. 4
5 413,417 70 70 70
Mean 413,417 85. 3(0. 02%) 119.9(0.03%)  119.9(0.03%)
Soil B 6 413, 417 33.2 51.8 108.6
sterile 7 314, 417 24.6 25. 4 161.8
control Mean 413, 417 28.9(0. 00795) 38.6(0.009%) 135.2(0.03%)
Soil B 8 413,417 68 63 137.6
viable 413,417 90 231.8 330. 4
10 413,417 113,8 135.6 146. 2
Mean 90. 6(0. 02%%) 145.1(0.04%)  204.7(0.05%)

413,417
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Table 4. Distribution of radiocactivity between aqueous and organic phases in the

solvent extraction of supernatants separated from the soils after anaerobic

incubation
) Percentage to the initial radioactivity
Treatments Replicates Supernatant
(total) Aqueous phase Chloroform phase

Soil A 1 9.7 1.6 8.1
sterile 2 9.9 1.6 8.3
control Mean 9.8 1.6 8.2
Soil A 3 5.9 1.4 4.5
viable 4 5.9 1.3 4.6
5 6.3 1.4 4.9
Mean 6.0 1.4 4.7
Soil B 6 5.6 1.7 3.9
sterile 7 2.2 4.0
control Mean 5.9 . 2.0 4.0
Soil B 8 3.0 1.3 1.7
viable 3.3 1.4 1.9
10 2.7 1.3 1.7
Mean 3.0 1.3 1.7

5-fold greater than that of aqueous phase,
whereas in the viable soil A, the radiocactivity
of chloroform phase was only 3-fold greater
than that of aqueous phase. These results indi-
cate that in the viable soil A, more polar meta-
bolites were formed by soil microorganisms
during incubation. Meanwhile, in the sterile
control soil B, the radioactivity of chloroform
phase was 2-fold greater than that of aqueous
phase, whereas in the viable soil B, the radioa-
ctivity of chloroform phase was almost the
same as that of aqueous phase. The big differ-
ences between soil A and B will be due to the
different physicochemical characteristics: soil
B has higher pH (6.43),
9), and Ca** content (10.5me/100g) compared

it is believed that

organic matter (2.9

with soil A. Accordingly,
anaerobic microorganisms are more active in
degrading 14C-butachlor in soil B than in soil A.

Radioactivities of the soils separated from
the supernatants: The radioactivities (dpm/g

soil) of the soils separated from the supernata—

nts after an anaerobic incubation are presented
in Table 5. As can be seen in this table, after
extration of the sterile control soil A with
methanol, an average of 22.489; of the radica-
ctivity of the soil before extraction was adsor-
bed in soil and 77. 62% extracted with methanol.
Meanwhile, in the viable soil A, the radioacti-
vities were 54.64 and 54.36%, respectively. On
the other hand, in the sterile control soil B the
radioactivities were 21.15 and 58.85%, respec-
tively; whereas in the viable soil B, 62.77 and
37.23%, respectively. As discussed in the sup-
ernatants, more 4C-butachlor was adscrbed in
soil B which is characterized by the textural
of clay loam, higher organic matter
and higher C.E.C. (14.14me/100g)
compared with soil A. This result is in good

class

content,

agreement with the report by Chen and Chen®
that Tainan silt loam with lower clay and org-
anic matter content showed a tendency to
adsorb less butachlor than Hsinchu silty clay

loam.
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Table 5. Radiocativities of the soils separated from the supernatants after incubation

Radioactivity (dpm/g soil)

Treatments Replicates Before Aftor Methanol
extraction extraction extract
Sail A 7575. 75 1747. 65(23. 07%) 5828. 1(76.83%)
sterile 2 8037.7 1758. 39(21. 88%) 6279. 31(78. 12%)
control Mean 7806. 73 1753. 02(22. 48%) 6053. 71(77. 52%)
Sail A 3 7791.73 4078. 25(52. 3496) 3713. 48(47. 66%)
viable 4 7720. 68 4615. 66 (59. 78%) 3105. 02(40. 22%)
5 8171.06 4233.73(51.81%) 3937. 33(48. 19%)
Mean 7894. 49 4309. 21(54. 64%) 3585. 28(54- 36%)
Soil B 9363.53 3578.99(38.22%) 5784. 54(61. 78%)
sterile 7 9074. 05 4000. 28(44. 08%) 5073. 77(55. 92%)
control Mean 9218.79 3789.64(41.15%) 5429. 16(58. 85%)
Soil B 8931. 94 6027. 22(67. 48%) 2904. 72(82.52%)
viable 9273. 99 5608. 48(60. 48%) 3665. 51(39.52%)
10 9052. 12 5463. 35(60. 35%) 3588. 77(39. 65%)
Mean 9086. 02 5699. 68(62.77%)

3386. 33(37-23%)

Metabolites of #C-butachlor: For the meta-
bolic study of “C-butachlor in an anaerobic soil
condition, the concentrated methanol extract
was applied on a TLC plate and developed in
the solvent system. The radioactivity of each
band on the TLC plate was confirmed with a
scanner (Fig. 2). For the elucidation of the
metabolites, the methanol extract was analyzed

by GLC-MS. Fig. 3 shows the gas-liquid chro-

LMM

matogram of the metabolites of “C-butachlor
in an anaerobic incubation in soil B. Since the
methanol extract of soil A showed the similar
metabolites, it was not presented here. In Fig.
3, quite a few peaks stemming from different
origins were mnot able to be identified. Only
three metabolites could be elucidated based on
the GLC-MS data at this time.

origin

Top

Fig. 2. Radioactivity scanning of the metabolites of C-butachlor in scil B

Radioactivity applied: 10, 000ppm

TLC developing solvent: Benzene-Methanol (85 : 15, v/v)
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Fig. 3. Gas-liquid chromatogram of the metabolites of #C-butachlor in an anaerobic

incubation in soil B for 3 months.

Metabolite [ : Fig. 4 shows the mass spec-
trum of metabolite [. In this spectrum, the
molecular ion occurs at m/z 149. The base peak
at m/z 134 corresponds to the (M—CH,)*+ ion.
The fragment peak at m/z 119 corresponds to
the (M—CH,, CH:)*ion. The presence of the
m/z 91 peak indicates the possible formation
of tropylium ion in fragmentation. The fragm-
ent peak at m/z 77 will be the C,Hs* ion.
Based on this fragmentation pattern, metabolite
I must be 2, 6-diethylaniline.

Metabolite [ : Fig. 5 shows the mass spect-

rum of metabolite J. Here the molecular ion

appears at m/z 191. The base peak at m/z 43
is in good agreement with the presence of an
acetylgroup in the structure. The fragment
peaks at m/z 176 and 162 correspond to the
(M—CH,)* and (M—CH,CH,)+,

The fragment peak at m/z 149 is believed to

respectively.

derive from the loss of a molecule of ketene
from the molecular ion, which is characteristic
of the acetanilides. The intense peaks at m/z
148 and 134 are thought to correspond to the
(M—CH,CO)* and (M—O0=C=CH,, CH,)* ions,
respectively. In consequence, metabolite J is
believed to be 2,6-diethylacetanilide.
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Metabolite J[.: Fig. 6 shows the mass 100 "
spectrum of metabolite J|. In this spectrum, T
the molecular ion appears at m/z 277. The base 1
peak at m/z 57 indicates the presence of C,H, ° NH
moiety in the structure. The intense peak at E C*%m@‘ﬂfﬂg,
m/z 43 is also suggestive of the presence of J:;'-
acetyl group. The fragment peak at m/z 220 ‘,’j o 149 (M7 )
will correspond to the (M—CHg)* and/or (M— ‘_:;; r o
0=C=CH,, CHy); ion. The fragement peaks at ]
m/z 190,178,161, and 146 are thought to be the H e oo o
(M—CH.0C,Hy)*+, (M—CH,, O=C=CHy+, (M— m/z

OCH,, CH,CO)*, and (M—OC,H,, CH.CO, CH)+

Fig. 4. Mass spectrum of metabolite T,

ions, respectively. Accordingly, metabolite Jf 2,6-diethyl aniline
100
718 134 |48
43
S
c %
o | NH+C-CH3
o
5 | CHZ-CH, CHLH >
Fe)
o
® 120
Z 149
s 57 77 l 191 (M)
- -
* 0 m 162 176
1“1 ‘ ] ﬂkn .u ﬂhm LM[LI%M“‘UJ m} 1 1 L) lhxj{l 1 IHJ Ly fi,h T | S ——
| OO 150 250
m/z
Fig. 5. Mass spectrum of metabolite I, 2,6-diethyl acetanilide
100
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] >250X 5
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° 161 i 5
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& | 178 27N 3 »
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& 1 o
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4 l } [}' 1[ ‘ (m*)
I ﬁmlll., llh;'[L . ‘I! e _— )
200 250
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Fig. 6. Mass spectrum of metabolite [I, 2,6-diethyl-N-(butoxymethyl) acetanilide
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is believed to be 2, 6-diethyl~N-(butoxymethyl)
acetanilide.

Of the metabolites obtained in the present
investigation, 2, 6-diethylaniline was also identi-
fied in pure cultures of Chaetomium globosum
incubated with an analogous compound, ala-
chlor? and of Mucor sufui NTU-358 with
butachlor®, The formation of 2,6-diethylaceta-
nilide was also reported by Chen and Wu¥.
Nevertheless, the metabolite J[, 2,6-diethyl-N-
(butoxymethyl) acetanilide has not been previ-
ously reported. According to Baird®» 1#CO, evol-
ution from carbonyl- and ring-labeled butachlor
in Ray silt loam soil was the most significant
at high temperature (32°C), and inhibited by
flooding in comparison to nonflooded moisture
levels of 15%. Additionally, he identified the
N-dealkylated and a-hydroxy derivatives as the
organic soluble metabolites of butachlor. Instead,
in the present anaerobic soil condition, butachlor
seems to undergo dechlorination very readily,
since no chlorine-containing metabolites could
be detected on GLC-MS. N-dealkylation also
occurred to from 2,6-diethylaniline and 2,6-
diethylacetanilide. Furthermore, it is noteworthy
that the chlorine atom in the structure of
butachlor was replaced by a hydrogen atom,
not by a hydroxyl group which is thought to
be common in soil and pure cultures of micro-
organisms®?%, The reaction mechanisms invol-
ved in the metabolism should be mainly biclo-
gical, but the possibility of chemical degradation
can not be ruled outf, considering that the soil
temperature was relatively low during incuba-

tion.
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Abstract

In an anaercbic incubation of uniformly ring-
labeled “C-butachlor in two Korean soils for 3
months, very little #CQO, and volatile products
were measured. In soil A, 77.52 and 45.36% of
the sterile and viable soil radioactivity, resp-
ectively, were methanol-extractable and the
rest were adsorbed in soil; whereas in soil B,
58.85 and 37.23%, respectively, were metha-
nol-extractable and the rest remained in soil.
The adsorption of ¥C-butachlor depends on the
characteristics of the soils. The major metabo-
lite was 2,6-diethyl-N-(butoxymethyl) aceta-
npilide. 2, 6-Diethylaniline and 2,6-diethylaceta-
nilide turned out to be the minor metabolites
on GLC-MS.
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