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Introduction

TOK(2, 4-dichloro-4’-nitrodiphenyl ether) is

one of the most important herbicides being

Neverth-
eless, the environmental fate of the diphenyl

used in flooded rice fields in Korea.

ethers- including TOK has received relatively
little attention. In general, substituted diphe-
nyl ether compounds have - excellent herbici-

dal activity and have been reported to fun-
ction essentially as inhibitors of chloroplast
noncyclic electron transport. The main site of
action appears to be associated with light
reaction II' and the oxygen evolution pathw-
ay. 1 ! :
Gutenmann et al® reported that 2,4-dich-
loro-4"-amino-diphenyl ether(amino-TOK) was

rapidly detected in rumen-fluid as-a metab-



olite of TOK in dairy cows. Crosby et al.?
demonstrated that TOK was quickly photol-
yzed in water to 2,4-dichlorophenol and p-
nitrophenol, and the nitro‘group also under-
went both réduction(fbrmﬁtion of a;ninox KK
TOK) and nucleophilic displacement by "hydr-
oxideions to give the corresponding phenol
and nitrite ion. '

Ichihashi® et al. compared the residual eff-
ects in soil of MO-338(2,4,6-trichloro-4"-nit-
TOK, and X-52 (2,4-di-
chloro-3"-methoxy-4"-nitro-diphenyl ether) by

rodipheny! ether),

bioassay with barnyard grass and other weeds.
They found that in enriched soil solution,
the reduced amino derivatives formed frdm
all these diphenyl ethers. ‘

MO-338, TOK, X-52, and MO-500(2, 4-dic-
hloro-6-fluorophenyl-4-nitrophenyl ether) were
compared by Kuwatsuka® as to their degrad-

ation in soils under flooded and upland condi-.

tions.

The fate of TOK .in the foliage of some

weeds was investigated by Hawton et al®
with the aid of C“-TOK.

In the present investigation, as part of an
effort to understand and elucidate what noxi-
ous materials can be formed in our environ-
TOK was

applied at.a rather higher concentration of

ment from the applied chemicals,

500ppm to two Korean rice paddy soils with
different physico-chemical properties and inc-
ubated for a certain period of time under
flooded conditions for its metabolic products.
The identities of the metabolites extracted
from the soils were elucidated by means of
TLC, GLC, and MS.

Materials and Methods

Sample Soils
.The physico-chemical properties of Chong
Ju and Chung Ju soils which were used are

. shown in Table 1.

Table 1. Physico-chemical properties of sample soils

Ceg?g;cc: Text- DH. Organic ?ﬁ;gil. Ez(r%}:}?gggﬂe : C.E.C.! ;Il‘ﬁi%l_
o | o [ivkal|"ay | | | oo | £

JHOU | INKCL G0 | (gpimy | K+ | Nat | Carr Mg* @

Chong Ju | SiL | 4.83 | 3.82 | 245 | 35 |o0.08)0.08] 2.8 1.23] 77| 0.12
Chung Ju | CL | 643 | 6.04 | 2.9 | 440 |0.05]0.09 105 | 13| 14.14] 0.14

Purification of TOK®
TOK was supplied by the Rohm and Haas
Chemical Company, as a technical grade and
was purified by dissolving in ethanol and filt-
"ering by suction, the residue being discarded.
The filtrate was evaporated to dryness on a
rotary evaporator and the residue was dissol-
ved in acetone and recrystallized from n-
hexane. The compound was dissolved again in
v/v)

and column chromatographed using the benz-

a mixture of benzene-chloroform(l : 1,

ene-chloroform as eluting -solvent(Silica gel
0.2~0,5mm, 30~T70mesh ASTM  for column
chromatography, Merck, Germany). With this

column most of the colored material was re-
moved. The eluates were collected,évaporated
on a rotary evaporator and passed again th-
rough aluminum oxide célqmn (Acﬁvity 1I-
101,
Eschwege, Germany). The eluates were ev-

according to Brockmann, M. Woelm

aporated on a rotary evaporator, dissolved in
acetone, recrystallized. from n-hexane, and
washed with dilute hydrochloric acid and dist-
illed Watér, and finally with n-hexane. More
than 999 purity, was obtained. - The - purity
was confirmed by TLC,, GLC, and MS.

Preparation of amino-TOK!®

Four milligrams .of TOK were transferred
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to a 50-m!/ round-bottomed flask, and 10m! of
959 ethanol, 10m/ of distilied water, 2ml/ of
5N-hydrochloric acid and, 0.2g of zinc dust
were added An air condenser was attached
and the mixture boiled for 5 min. After
cooling, the contents were transferred to a
separatory fﬁnnel, made basic, and extracted
with benzene. The benzene extract was evap-
orated to dryness in a rotary evaporator to
give the amino-TOK crystals. The purity was
confirmed by TLC, GLC, and MS.

Incubation of the soils treated with TOK

One hundred grams of wet sample soils and
50m! of distilled water were mixed up in 500
-m/ Erlenmeyer flasks,respectively, to provide
flooded conditions. Each 50 mg of TOK disso-
lved in a small amount of acetone was added
to the soils to give 500 ppm concentrations.
The mixtures were held at 30°C in an incub-
ator for 2,4, and 6 months, respectively. The
control soils without TOK were held

manner.

in like

Extraction of soils treated with TOK

Incubated soil mixtures were extracted with
five 60m/ portions of methanol and four 60
m! portions of acetone continuously for com-
plete recovery by agitating on a shaker for
one hr each and centrifuging at 14,000g foll-
owed by filtration.

Thin-layer chromatography

TLC was performed with 5196494X, Art.
5554, DC-Alufolien,Kieselgel 60 F,5,(25 Folien
2020 cm), Schichtdicke 0,2mm, E. Merck,
Darmstadt. A mixture of xylene-chloroform-
acetone(40 : 25: 35,v/v) was used as the dev-
eloping solvent. The chromatograms were
visualized under a UV lamp.

Gas-liquid chromatography
The analyses were performed with a Finn-

igan 9500 Gas Chromatograph equipped with
a flame ionization detector. The column was
6mm(OD) X 6ft packed
with 5% SE-30 on Chromosorb W-HP. Operat-
ing parameters were as follows: helium carr-

ier flow, 30 m//min; oxygen, 400 m!/min; h-

a pyrex glass of

ydrogen, 40 ml/min; injector temp, 250°C; ‘d~
etector temp, 250°C; column temp was prog-
rammed from 90°C to 250°C at a rate of 6°C
/min. The. chart speed was 0.5 inch/min. The
area under each chromatogram peak was m-
easured with a planimeter. For GLC-MS, all
analyses were made by temperature-program-
ming from 100°C to 260°C at a rate of 10°C/
min. The other parameters were the same as
above. ‘

Mass spectrometry

Mass spectra were obtained by a combina-
tion of GLC-MS using 2 Finnigan 3200 Gas C-
hromatograph-Mass Spectrometer.The electron
ionizing potential was 70 eV. A Finnigan MS
Data System 6000 was used for the recordings
of the mass spectra.

Isolation of microorganisms from TOK-
ireated soils

Microorganisms were isolated from Chong
Ju and Chung Ju soils treated with 500 ppm
of TOK, held in an incubator for two and
four months, respectively, and extracted bef-
orehand with organic solvents for collecting
degradation products. The temporary designa-

tions are shown in Table 2.

Table 2, The designations of the isolates from
the TOK-treated soils held for different
incubation periods

Incubation

Origin(soil) period (month) k Designation
f T-1-1
2 %—I—Z
. ~-1-3
Chong Ju soil ; To1a
4 i T-1-5
_ T-1-6_
T-2-1
s |
. —9-
Chung Ju soil Toood
4 l T-2-5
‘ T-2-6

Since the isolates were selected and design-
ated according to the morphological shapes of
their colonies, some of them might be duplica-
ted. The identification of the isolates was not
intended in the present investigation.

Degradation of TOK in pure culture of
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the isolates

Each 150 ml of the medium that has the co-
mposition shown in Table 3. put in a 500 ml
incubation flask and inoculated with the iso-
lates,was preincubated at 30°C for four days,
respectively. Three milligrams of TOK disso-
lved in a small volume of acetone were added
to each medium to provide a concentration of
20 ppm and incubated on a shaker for anoth-
er 17 days. The incubated mixtures were ex-
tracted with two 60 ml portions of chloroform
in a separatory funnel to recover the residual
TOK and its metabolites. The chloroform ext
racts were dried over anhydrous sodium sul-
fate and concentrated on a flash evaporator
for TLC and GLC analyses.

Table 3. Composition of the medium used for
the incubation of the isolates

Nutrient broth 10 g
Peptohe 10g
Sodium chloride 5g
Distilled water 1,000 m{
pH 7.2

' TOK-degradability of seil extracts

Preparation of citrate buffer: Buffer soluti-
ons of pH 4.83 and 6.43 were prepared with
0.1 M sodium citrate and 0.1 N hydrochloric
acid. Chong Ju soil was extracted with the
buffer of pH 4.83 and Chung Ju soil with pH
6.43.

Incubation of soils: One hundred grams of
Chong Ju soil and 100 ml of the citrate buffer
with pH 4.83 and 100 g of Chung ‘Ju soil
and 100 ml of the citrate buffer with pH 6.43
were incubated in duplicate at 30°C for 11

days. After incubation, the ' mixtures were
centrifuged and the supernatants were collec-
ted through filtration as soil extracts. )

Incubation of TOK with soil extracts: To
25 ml of each soil extract, 1 mg of TOK di-
ssolved in a small amount of acetone ~was
added to give a concentration of 40ppm. It
was then incubated at 30°C for 21 days.

Extraction of degradation products: The
incubation mixtures were extracted with two
50 ml portions of redistilled chloroform . and
the extracts were concentrated on a flash ev-
aporator for TLC and GLC analysis.

Results and Discussion

Degradation of TOK in soils

The organic solvent extracts of Chong Ju
and Chung Ju soils treated with TOK were
subjected to TLC, GLC and MS. On TLC, the Rf
values of TOK and amino-TOK. were 0.96 and
0. 70, respectively. The Rf values of the other
metabolites could not be compared, because
the authentic compounds were not available.
The gas-liquid chromatograms of the 'solvent
extracts of Chong Ju and Chung Ju soils tre-
ated with TOK and incubated for six months
are shown in Fig. 1 and 2, respectively. On
GLC, the retetnion times of the metabolites
identified are shown in Table 4.

The identification of the metabolites of
TOK was mostly done by means of GLC-MS.
Since the gas-liquid chromatograms of the
samples showed almost the same ‘metabolites,
the solvent extract of Chung Ju soil treated
with TOK ‘and incubated for two ' months

Table 4. The metabolites obtained from the soils treated with TOK

Metaholite

l Retention time(min)

4-chloro-4’-amino diphenyl ether

~ 2,4-~dichloro-4’-amino diphenyl ether(amino-TOK)

2,4-dichloro-4"-nitrodipheny! ether (TOK)

N-[4'-(4-chlorophenoxy)] phenyl formamide

‘ N-[4’5(4—chlqrophenoxy) phenyl acetamide

17.6
20.1
21.4
23.6
24

B
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Fig. 1. Gas-liquid chromatogram of the solv-
ent extract of Chong Ju soil treated with
TOK and incubated for six months
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Fig. 2. Gas-liquid chromatogram of the solv
ent extract of Chung Ju soil treated with
TOK and incubated for six months.

was subjected to GLC-MS. Fig.3 shows the gas-
liquid chromatogram for MS, indicating the
and the

peak numbers obtained with the MS data sy-
stem.

rclative amounts of the metabolites
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Fig. 3. Gas-liquid chromatogram for the m-
ass spectra of the metabolities from -Chung
Ju soil treated with TOK and incubated for
two months

The mass spectrum of each peak were obta-
ined. The mass spectrum of metabolite I is
shown in Fig. 4. As seen in Fig. 4, the mol-
ecular ion at m/e 219 and the M--2 peak sho-
wing the isotopic abundance suggest the c-
hemical structure, 4-chloro-4’-amino diphenyl

ether. The small peak at m/e 245 is thought

235 X 10

Fig. 4. Mass spectrum of metabolite 1,4-chl-
oro-4’amino diphenyl ether
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Fig. 5. Mass spectrum of metabolite II, am-
ino-TOK (2, 4-dichloro-4"-amino diphenyl e-
ther)

to be an impurity. Fig.5 shows the mass
spectrum of metabolite IL.

In Fig. 5, the molecular ion at m/e 253
M+2
2,4-
dichloro-4"-amino diphenyl ether(amino-TOK)

and the istopic abundance ratio of the
and M-+4 peaks indicate the structure,
possessing two chlorine atoms. Fig. 6 shows
the mass spectrum of TOK which remains
unchanged. The molecular ion appears at m/e
283.

Fig. 6. Mass spectrum of metabolite III ,the
residual TOK

Fig. 7 is the mass spectrum of .metabolite
IV. In this spectrum, the molecular jon app-
ears at m/e 247, The M--2 Ipeak shows. the
presence of one chlorine atom. The suggested
structure is N-[4"-(4-chloro-phenoxy)Jiphenyl
formamide. Fig. 8 shows the mass spéctrum

of metabolite V. As seen in this spectrumm,
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the molecular ion at m/e 261 and the isotopic
abundance at the M--2 peak suggest the struc
ture, N-[4"-(4-chloro-phenoxv)] phenyl acet-
amide.
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Fig. 7. Mass spectrum of metabolite Iv, N-
[4’~(4-chloro-phenoxy)] phenyl formamide
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Fig.8. Mass spectrum of metabolite V, N-
[4’-(4~chloro-phenoxy)] phenyl acetamide

The degradation of TOK in different soils

as a function of the incubation periods Iis

shown in Table 5.

Table 5. Comparison of the metabolites of TOK formed in soil with the residual
TOK as an index as a function of the incubation periods, by means of GLC

Incubation Metabolite*
Soil .
period (month) I I ] I ' n’ ! v ' v
2 3.35 2.52 100 trace
Chong Ju soil 4 28.57 4.96 100 trace
6 50.17 8.77 100 trace
2 42.91 2.05 100 2.37 3.03
Chung Ju soil 4 62. 96 23.93 100 4.62 trace 3.20
6 287.72 28.94 100 32.89 13.15

* [ :4-Chloro-4"-amino diphenyl ether

I :2,4-Dichloro-4’-amino diphenyl ether(amino-TOK)
I : 2,4-Dichloro-4’-nitro dipheny! ether(the residual TOK)

B’ : Unknown

¥ : N-[4"-(4-chloro-phenoxy)] phenyl formamide
V : N-[4"-(4-chloro-phenoxy)] phenyl acetamide

As seen in Table 5,the degradation of TOK
turns out to depend on the physico-chemical
properties of the soils onto which the herbic-
ide was applied. In Chong Ju soil, the major
metabolites were 4-chloro-4’-amino diphenyl
ether and 2,4-dichloro-4’~amino diphenyl et-
her(amino-TOK). Only trace amounts of N-
[4'-(4-chloro-phenoxy)] phenyl acetamide
were recognized. In other words, in Chong Ju
soil, the replacement of one chlorine by hyd-
rogen and the reduction of nitro group to a-
mino group were the main features.

Meanwhile, in Chung Ju soil, the metaboli-
tes identified include 4-chloro-4’'-amino diphe-

nyl ether, amino-TOK, . N-[4'-(4-chloro-phen-

oxy)] phenol formamide, N-[4'-(4-chloro-
phenoxy)] phenyl acetamide, and some other
unknowns, in addition to the residual TOK.
The main features are also the replacement
of one chlorine by hydrogen and the. red-
uction of nitro group to amino group. '

The degradation of TOK increases with in-
cubation periods. Compared with the degrad-
ation in Chong Ju soil, TOK is more readily
decomposed in Chung Ju soil as seen in Table
5.

In Table 1, the big differences between the
two soils are that the pH’s of Chong Ju and
Chung Ju soils are 4.83 and 6.43, that the

textural class silty loam and clay loam, that



the contents of Cat*+ 2,33 and 10.5, and that
the C.E.C. 7.7 and 14.14, respectively. Ther-
efore, it is likely that the different rate of
degradation of TOK in the two soils fwill be
due to the different physico-chemical charact-
eristics of the soils which, as a result, will
affect the activity of the microorganisms inv-
olved in the degradation.

According to Kuwatsuka®, the substituted
dipenyl ethers, MO-338, TOK, X-52, and MO
-500 produced their amino compounds only in
flooded soils,the degradation was much slower
under upland conditions than under flooded
ones, and no amino derivatives were detected
in soils under upland conditions. It was also
shown that under flooded conditions, TOK
and MO-500 were degraded much faster than
MO-338 and X-52,and amino derivatives were
the major metabolites in the earlier stages of
incubation, whereas later, amino compounds
were also metabolized to their compounds.

Based on our results, at a relatively higher
concentration of 500ppm, TOK ‘undergoes
the reduction of nitro group to amino group
followed by the replacement of one chlorine
by hydrogen to give 4-chloro-4’-aminodipheny!l
ether as the major metabolite in both soils.

In the light of the fact that the amounts
of amino-TOK is less than those of metabolite
1, 4-chloro-4’-amino diphenyl ether in all
cases, it is quite evident that the ring chlor-
ines will be replaced by hydrogen with time.
The detection of metabolites IV and V indica-
‘tes the formylation and acetylation of TOK
in soils following the reduction of nitro group
to amino group and the replacement of one
chlorine by hydrogen.

In the metabolic studies of C*-TOK in some
weeds,Hawton et al.®> concluded that at least
two of the metabolites were lipid-TOK conj-
ugates or TOK polymers and others may be
formed by cleavage of TOK at the ether lin-
kage. Similar results were obtained from an-
other diphenyl ether, Fluorodifen(p—hitrophe-
nyl-a, @, a-trifluoro-2-nitro-p-tolyl ether). R-

ogers'® reported that soybean rapidly degra-
ded Fluorodifen. That is, metabolism was in-
dicated to involve limited reduction of the:
nitro substituents and rapid cleavage of the
other linkage to form the corresponding - phe-
nolic derivatives.

Fastin® also suggested the reduction of n-
itro group to amino group and the cleavage
of the ether linkage in Fluorodifen in suscep-
tible cucumber seedlings.

In additicn, Frear et al.® bave shown that
the diphenyl ether herbicide, Flvorcdifen is
readily metabolized in peas at the diphenyl
ether linkage.

Bound residues of Nitrofen in cereal grains:
and in rice and wheat straw were also repo-
rted.'»? Gutenmann et al.® showed the ami-
no-TOK as a TOK metabolite in rumen fluid
of dairy cows. TOK can be also metabolized
in vivo to the acetamide, 2,4-dichloro=1-(4--
acetamidophenoxy) benzene.?

The principal metabolite of diphenyl -ether
fed to rabbits was 4-hydroxydiphenyl ether
which was excreted mainly as a glucuronide.
The derivatives 4-methoxy- and 4, 4-dimethoxy
diphenyl ether were converted to the corres-
ponding hydroxy derivatives by the rabbit.!®

In the photodecomposition of TOK, Nakag-
awa et al.'® showed that TOK undergoes ra-
pid cleavage of the ether linkage to form 2,4
-dichlorophenol and p-nitrophenol. As other
prominent products, they identified hydroqui-
none, 4-nitrocatechol, amino-TOK, 4,4"-bis(2,
4-dichloro-phenoxy) azobenzene, and an arti-
fact N-{4-(2’,4-dichloro-phenoxy)] phenyl
formamide. Other pathways involved the rep-
lacement of the ring chlorines by hydroxyl
or hydrogen, ring hydroxylation, denitration
by hydroxide prior to cleavage of the ether
linkage, and possible intramolecular rearran-
gement of TOK to a biphenyl. Similar pho-
tolysis products of TOK were reported by
Lee'® at nearly the same time.

As reviewed above, even if the substituted

diphenyl ether compounds could be cleaved at
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the -ether linkage in vivo or photochemically,
in our experimental conditions in soil where
:somewhat higher concentrations of TOK were
used, no noticeable metabolites resulting from
‘the ether linkage cleavage were recognized.
In the photodecomposition of TOK in aqueous
suspensions under sunlight.Nakagawa et al.'®
reported the formation of N-[4-(2',4’,-dichl-
-oro-phenoxy)] phenyl formamide as an artifact
resulting from the methanol used.

However, in our investigation, acetylation
and formylation during the degradation of
“TOK occurred in soils where no methanol was
involved.

According to Yih et al.®, in preemergence
treatment, TOK is applied onto the surface of
the soil. Incorporation of this compound into
‘the soil drastically reduces its effectiveness as
-a herbicide.

Therefore, it is believed that the reduction
-of nitro group to amino group, dechlorination,
formylation, and acetylation will bring about
a decrease in the toxicity and effectiveness of

TOK as a possible environmental contaminant.

Table 6. Comparison of the residual TOK
and the metabolite, amino-TOK in pure
culture of microorganisms isolated from
the two soils

Origin Igfe siﬁrelation Residual T%’Eino' t
(soil) isolates TOK (%) aboli’t{en(?’/o)
T-1-1 100 trace
T-1-2 | 97.8 2.2
Chong Ju T-1-3 98.92 1.08
soil T-1-4 80 20
T-1-5 41 59
T-1-6 82.7 17.3
T-2-1 97 3
T-2-2 31.8 68.2
Chung Ju T-2-3 0 100
soil T-2-4 97.6 - 2.4
T-2-5 . 30.4 69.6
T-2-6 | 92 8

Degradation of TOK in pure culture of
th? microorganisms isolated

The GLC, results of the chloroform extracts
of the incubation mixtures are presented in
Table 6.

Since no metabolites other than amino-TOK
were formed from TOK, the percentage was
calculated from the combined total of TOK
and amino-TOK. In the case of the isolate T-
1-1, almost all TOK remained unchanged, w-
hereas in the isolate T-2-3, amino-TOK was
no residual TOK
indicate that the

formed as much as 100%,
remaining. These results
basic diphenyl ether moiety is thought to be
quite stable to the microbial degradation.
Even if the identities of the isolates are not
disclosed at this time, they are thought to be

all bacteria.

TOK-degradability of the soil extracts

Chong Ju and Chung Ju soils were extrac-
ted with the citrate buffers of pH 4.83 and
6.43, respectively, which are identical with
those of the soils in use. TOK was added to
the two buffers of pH 4°'83 and 6.43 as cont-
rols and two soil extracts of the same pH,
separately, to provide a conentraticon of 40
ppm and incubated. After 21 days of incuba-
tion at 30°C, the mixtures were extracted w-
ith chloroform and the concentrated extracts
were subjected to GLC analyses.

Based on the GLC results, in the Chong Ju
soil extract, the original TOK remained alm-
ost intact, whereas in the Chung Jli soil ext-
ract, 3.6% of amino-TOK was formed by the
reduction of the nitro group on TOK. Still,
96.4% of the original TOK remained uncha-
nged. ' '

Even if it is not clear whether the transf-
ormation of nitro group to amino éroup' is
chemical or biological, it is of interest to note
that Chung Ju soil with higher contents of
organic matter, Ca, and C.E.C. besides higher
pH than in Chong Ju soils, is more capable of
degrading TOK than Chong Ju soil.
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Abstract

TOK (2, 4-Dichloro-4"-nitrodiphenyl ether) was applied to two Korean soils possessing different
physico-chemical properties at a cer tain concentration and incubated for a certain time under
flooded conditions. The metabolites and the soil microorganisms involved in the degradation of
TOK are studied.

Chong Ju and Chung Ju soils treated with TOK at a concentration of 500 ppm and incubated
for two, four, and six months at 30°C yielded 4-chloro-4’-amino diphenyl ether, 2,4-dichloro -
4’ ~amino diphenyl ether(amino-TOK), N-[4'-(4-chloro-phenoxy)] phenyl acetamide, and N-
[4’-(4-chloro-phenoxy)] phenyl formamide as the major metabolites. TOK underwent the
reduction of nitrogroup to amino -group, dechlorination, acetylation, and formylation. No
cleavage at the ether linkage was recognized. TOK was more readily degraded in Chung Ju
soil which is characterized by the higher pH (pH 6.43), clay loam in textural class, and the
higher cation exchange capacity. -

The toxicity of TOK as a possible environmental contaminant is expected to be considerably
reduced as a result of the above degradation ' :

Twelve strains of soil bacteria were isolated from the TOK-treated Chong Ju and Chung Ju
soils. '

As a result of the incubation of TOK in pure cultures of the isolates, T-1-1 strain isolated
from Chong Ju soil had almost no degradability, whereas T-2-3 strain turned out to be the
most potent.

The degradation of TOK by the isolates constituted mostly the reduction of the nitro group
to amino group.

The citrate buffer extract of Chung Ju soil reduced TOK more readily to amino-TOK than
that of Chong Ju soil.

9. Kuwatsuka, S.: Environmental Toxicology
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