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SUMMARY

In an attempt to elucidate the fate of 3,4-DCA and TCAB in various French soils,
uniformly #C-ring-labeled 3,4-DCA and TCAB were utilized and the following results
obtained.

1) The rate of breakdown of #C-3,4-DCA into #CQ, was relatively higher in the early
stage than that in the later stage. In 6 months of incubation in alkaline soil (pH
7.9), the rate was as high as 6.5% at dose 1 (1.5 ppm) and as low as 1.92% at
dose 2(94 ppm), whereas in organic acid soil (pH 5.5) the rate was 4.91% at dose 1

and 4.24% at dose 2, respectively, without making any great difference between the
two levels. '

2)" At dose 1, 47.70% of the initial radioactivity of ¥C-3,4-DCA was bound to soil in
organic acid soil and 29.49% bound in alkaline soil, whereas at dose 2, 38.40% in
organic acid soil and 20.30% in alkaline soil, respectively.

3) The amount of formation of ¥C-TCAB from C-3,4-DCA seems to depend largely
on the concentration of 3,4-DCA applied rather than on soil types. At dose 2, the
amount was 50% of the total radioactivity extracted in organic acid soil and 30% in
alkaline soil, corresponding to 1.8% and 1.4% of the initial radioactivity applied to
soil, respectively. Cis-TCAB also seemed to be formed at dose 2 in both soils. Mean-
while, at dose 1, even though “C-TCAB was detected in trace on tlc and glc in
both soils, the amount does not exceed 2 to 3% of the radioactivity extracted,



corresponding to 0.05 to 0.1% of the initial radioactivity.
4) The rate of breakdown of ¥C-TCAB into ¥CO; ranged from 0.05 to 0.20% in all
the four soils. Most of the applied ¥C-TCAB remained intact after 3 months, not

pi‘oducing any detectable metabolites.

5) The fact that much more ¥C-TCAB was adsorbed to alkaline soil than to the other
soils strongly indicates that in alkaline condition trans-isomer was converted tocis-
isomer which has the higher adsorption affinity than the former.

INTRODUCTION

3, 4-Dichloroaniline-based herbicides, the phe-
nylureas, the phenylcarbamates, and the acyl-
anilides produce 3,4-dichloroaniline (3,4-DCA)
as an intermediate in their microbial degradation
in soil.",!4,15,23,28 Moreover, not only are some
chloroanilines quite persistent in seil™® and
toxic,®%:% but it appears that a substantial
amount of the chloroaniline may condense in
soil to form chloroazobenzenes, %3457

It has been suggested that microbiological
action® and more specially peroxidase activity
8,18 are involved in the condensation of DCA to
TCAB in soil. Peroxidases have a wide distrib-
ution in nature and occur in soil. (18,1920 The
formation of chloroazobenzene is now of concern,
because some of them are known to be carcino-
gens.® Nevertheless, there is a contradictory
report that rats fed TCAB at a level of 4 mg
per week for an initial 3 week period and at 10
mg per week for an additional 37 weeks prod-
uced no tumors when the animals were sacrificed
at the 60th week.® In laboratory studies, 4C-
TCAB supplied to rice roots in nutrient solution
was absorbed and translocated to the shoots,
though the amount absorbed was fairly low.3!
In addition, in field surveys conducted on rice-
producing soils in Stuttgart, Ark., U.S.A., TCAB
was detected bnly at low- concentrations(<0.1
ppm). @8 Sprott et al.®™® and Hughes et al.®?
have reported on the formation of TCAB in
some Canadian soils treated with 3,4-DCA.
Chisaka et al.12 reported on the metabolism of
Propanil in seils in relation to 4C-3,4-DCA

degradation, indicating that ring 1¥CQ; evolution

was slower and amounted to less than 3% of

the original “C.

The present investigation was undertaken to
determine the rate of degradation of 3,4-DCA
and TCAB over a longer period of incubation,
at different concentration levels in different Fr-
ench soils which exhibited wide differences in
texture, organic carbon, organic matter, nitrogen,
C/N ratio, pH, and C.E.C. To this end, uniformly
UC-ring-labeled 3,4-dichloroaniline (4C-3,4-DCA)
and 3,3, 4, 4'-tetrachloroazobenzene (14C-TCAB)
were utilized for tracing the ultimate fate and
persistence of the herbicide-derived chemicals in
soil in connection with environmental contamin-

ation and public health.

MATERIALS AND METHODS

Incubation of soils with unifermly “C-
ring-labeled 3,4-DCA and TCAB.

14C-3,4-DCA and ¥C-TCAB were applied in 0.5
ml acetone to an amount of each refrigerator—
stored soil which was equivalent to 50 gr by
dry weight. After thorough mixing, the soil was
moistened to 80% of its water holding capacity,
and was incubated with peristaltic pumps at 18-
25°C in the special apparatus described earlier.
10 The radioactivity of ¥CO, trapped in 0.2N-
NaOH solution was measured as a function of
incubation period. The possible volatilized C-
3,4-DCA was trapped in 0. 5M—HzSO; solution.
At the end of the incubation, the soils were
extracted with acetone for subsequent metabolic
studies, according to the following procedure.

Soils used.

Four different types of soils were collected
from different areas in France. As a matter of
convenience, they were designatéd as organic

acid soil, organic neutral soil, argillaceous soil,



Table 1. Physical characteristics of soils

Soils Texture Clay (%) Silt (%) Fine sand(%) Coarse sand(%)
Organic acid soil 19.4 19.5 15,8 45.3
Organic neutral soil 17.5 47.3 33.8 1.4
Agrillaceous soil 12.8 15.4 36.5 35.3
Alkaline soil 12.5 15.6 34.3 37.6
Table 2. Chemical characteristics of soils
Chemical Organic Organic N C/N pH C.E.C.
characteristics carbon matter (Kjeldahl) .

Soils (%) (%) (%) Ratio (H:0)  (m.e./100gr)
Organic acid soil 4.48 7.71 0.3 14.93 5.5 19.8
Organic neutral soil 56.8 97.6 5.35 10. 61 6.9 35.9
Argillaceous soil 8.8 15.1 0.84 10. 47 7.6 6.4
Alkaline soil 1.21 2.08 0.133 9.10 7.9

6.3

and alkaline soil respectively. The soils vary in
texture, organic carbon, organic matter, nitrogen,
C/N ratio, pH, and C.E.C. Their physico-chem-
ical characteristics are presented in Table 1 and
2.

Treatment of “C-3,4-DCA.

1C-3,4-DCA was treated to soils as seen in
Table 3.

Table 3. Treatment levels of 4C-3,4-DCA
to soils

Soils

Organic acid Alkaline soil

soil (pH 5.5)

Doses (pH 7.9)
Dose 1 72.9 r 72.9 r
(1.5 ppm) (1.5 ppm)

Dose 2 4,700 7 4,700 7
(94 ppm) (94 ppm)

Each experiment was carried out in duplicate.

Treatment of “C-TCAB,

Soils used include organic acid soil, organic
neutral soil, argillaceous soil, and alkaline soil.
Each treatment was done in duplicate using 176
pg of “C-TCAB(3.52 ppm) dissolved in 0.1 ml
of acetone.

Extraction of soils treated with 4C-3,4-
DCA and “C-TCAB.

For metabolic studies, at the completion of

each incubation period, 90 m! of ‘acetone and ca.
5 gr of anhydrous MgSO, were added to each
soil phial and stirred thoroughly with a4 magnetic:
stirrer for 2 hrs. After standing in a refrigerator,.
the supernatant was pipetted out to collect. The
same procedure was repeated 5 times to exhau-
stively extract the remaining residues. The po~
oled extracts were then flash-evaporated to dry-
ness, and the resulting residue was taken up in
10 ml of n-hexane for the subsequent tlc and
glc analyses.

Measurement of radioactivity.

The radioactivity was measured with a Pac-
kard Model 3375 Tri-Carb Scintillation Spectro-
meter. The specific activity was determined by
placing 10 gl of each sample in scintillation
vials containing 10 ml of toluene scintillation.
fluid. ® The initial specific activities of 4C-3,4—
DCA and “C-TCAB were 3.5z Ci/g mole and
1.014Ci/p mole, respectively.

For measuring the activity of “CO,-trapping
solutions, duplicate 1 ml samples of them were
added to 10 ml of scintillation solution. The
spots on tlc plates which were completely sepa-
rated from all other uv-absorbing matertials were
quantitatively transferred to counting vials.

GLC analysis.



Gas-liquid chromatographic analyses were per-
formed with an F & M Scientific 5750 Research
Chromatograph(Hewlett-Packard) equipped with
a flame ionization detector. The column-packing
was 5% SE-30 (methyl) on 60-80 mesh Chrom-
osorb W. Operating parameters were as follows:
stainless steel column of 9 ftx1/8 in. outer
diam.; injector temp. of 250°C; detector temp. of
230°C; nitrogen carrier flow of 23 ml/min. Temp-
programming was done from 80°C(post-injection
interval : 1 min.) to 220°C (upper limit interval
:10 min.) at a rate of a 6°C increase per min.
Chart speed was 5 mm per min.

TLC and Autoradiography.

Thin-layer chromatographic separations were
performed with 5196494 X, Art. 5554, DC-Aluf-
olien, Kieselgel 60 Fasi(25 Folien 20X 20 cm),
Schichtdicke 0.2 mm, E. Merck, Darmstadt.
The eluent was n-hexane, Autoradiograms were
obtained with the acetone extracts of soils in-
cubated with “C-3,4-DCA for 106 days by being
exposed for 3 weeks.

Measurement of mineralized radicactivity.

The radioactivity of 4C-3,4-DCA and C-

TCAB adsorbed to soils was measured by treat-
ing each soil sample with an oxidation mixture
consisting of sulfuric acid, potassium dichromate,
and silver sulfate.®

UC-3,4-DCA and “C-TCAB.

4C-ring-labeled 3,4-DCA (specific activity: 3.5
¢ Ci/p mole; melting point, 72-73°C) was supp-
lied by the Radiochemical Centre, Amersham,
England. “C-TCAB was synthesized from C-
3,4-DCA.® They had a radiochemical purity,
as determined by thin-layer chromatography and

scanning, of more than 99%.

RESULTS AND DISCUSSION

Breakdown of 1C-3,4-DCA inte #CO: in
soils.

In organic acid and alkaline soils, the percen-
tage of the initial radioactivity liberated in the
form of MCO, at two levels of treatment .is
shown ds a function of incubation periods in
Table 4. As seen in Table 4, the breakdown of
14C-3 4-DCA into MCO; is rather faster in the
early stage than in the later stage. In 187 days
of incubation, in alkaline soil(pH 7.9) the rate

Table 4. “CO, evolution from M4C-3,4-DCA in soils(% of the initial radioactivity liberated

in the form of 14CO,)

Soils Organic acid soil Alkaline soil  Organic acid soil  Alkaline soil
_ Replicate  dose 1(1.5 ppm) dose 1 dose 2 (94 ppm) dose 2
Incubation 1 2 1 2 1 2 1 2

7 0.59 0.46 1.01 0.82 0.54 0.46 0.07 0.06

14 1.28 0.76 1.68 1.43 1.00 0.88 ° 0.14 0.14

21 1.77 114 2.27 1.96 1.45 1.31 0.23 0.24

28 2.01 1.42 2.61 2.29 1.69 1.54 0.33 0.31

35 2.38 1.73 2.94 2.59 1.95 1.77- 0.43 0.40

42 2. 60 1.92 3.21 2.87 2.04 1.86 0.50 0.47

49 2.78 2.07 3.4 3.16 2.32 2.11 0.61 0.58

63 3.15 2.37 3.93 3.75 2.64 2.40 0.76 0.72

74 3.50 2.64 4.42 4.34 2.95 2.70 0.93 0.88

88 3.91 2.93 5.09 5.08 3.39 3.06 1.17 1.12

106 4.00 3.19 5.70 5.80 3.71 3.36 1.46 1.33
130 4.32 5.99 3.90 1.69
150 4.59 6.16 4.07 ~1.81
187 4.91 6.47 4.24 1.92




of ¥CO, evolution was as high as 6.5% at dose
1 (1.5 ppm) and as low as 1.92% at dose 2
{94 ppm).

Meanwhile, in organic acid soil(pH 5.5), the
rates of 4CO; evolution were 4.91% and 4.24%
.at dose 1(1.5 ppm) and dose 2 (94 ppm), respe-
<tively. In consequence, there is not much diffe-
rence between dose 1 and dose 2 in organic acid
soil which contains larger amounts of organic
matter(7.71%) and C.E.C. (19.8 m.e./100 gr)
than alkaline soil.

On the other hand, in the case of alkaline soil
(pH 7.9), the low rate of “CO; evolution at dose
2 (94 ppm) suggests the possibility of the inhi-
bition of microbial activity by the toxic ¥#C-3,4
-DCA.(,28,29,38 However, at dose 1 (1.5 ppm),
the higher rate of degradation of C-3,4-DCA
to ¥CO, is suggestive of the feasibility that
3,4-DCA would not be enoughly bound to soil
humus, because of its scanty amount of organic
matter, Meanwhile, the result in organic acid
soil seems to prove the fact that humus-bound
DCA residues, even at excessive concentrations,
do not inhibit microbial respiration ©® and can
be regarded as temporarily detoxified as well as
immobilized. @

In this connection, it will be reasonable to
believe that the relatively slower rate of MCO.
release in the later stage will be due to the
formation of the 3,4-DCA-humus complexes. **)
Hsu et al.?® showed that in experiments with
soil-bound radiolabeled 3,4-DCA, “CO, was rel-
eased from soil at 1% per week and the rate of
UCO, release was not influenced significantly by
variations of pH from 5.0 to 8.0 or by moisture
contents between 50% and 70% of the holding
capacity. In the present experiment the rate of
14CQ, evolution was much less than that of Hsu
et al., when it was done over a longer period of
incubation. The percentage of ™CO. evolution
from 1C-3,4-DCA in-soils was plotted against
incubation periods as shown in Fig.1.

The percentage of the radioactivity recovered
after 6 months of incubation of ¥C-3,4-DCA in

two types of soils in presented in Table 5. As
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Fig. 1. 4CO; evolution from C-3,4-DCA in
s0ils(% of “CO; liberated as a function
of incubation periods)

(1): Alkaline soil (dose 1)
(2): Organic acid soil(dose 1)
(3): Organic acid soil(dose 2)
(4): Alkaline soil(dose 2)

seen in Table 5, at dose 1 (1.5 ppm), 47.70%
of 4C-3,4-DCA became bound to soil in organic
acid soil(pH 5.5) and 29.49% of it bound in
alkaline soil (pH 7.9) in 6 months of ircubation.
Whereas, at dose 2(94 ppm), 38.40% in organic
acid soil and 20.30% in alkaline soil were bo-
und, respectively. These results confirm the fact
that  solvent-extractable residue formation
depends on the 3,4-DCA concentration, as shown
by Chisaka et al.®? and Bartha.®V

At high concentrations, polymerization reacti-
ons predominate, but at low concentrations bin-
ding sites on the soil organic matter compete
successfully for the chloroaniline moieties. Acc-
ordingly, the proportion. of solvent-extractable
metabolites decreases, and most chloreaniline
becomes soil-bound. ™ In Table 5, a considerable
amount of radioactivity was not extracted,
depending on the soil types and doses.!® It
would probably be caused during the application
to soils, extarction therefrom with acetone, and
concentration procedures.® Based on the fact
that the radioactivity trapped in 0.2 N-H:SO,
solution throughout the entire incubation period

was negligible, it is unlikely that the loss will



Table 5. The radioactivity after 6 months of incubation of 1C-3,4-DCA in two types
of soils (% of the radioactivity recovered)

Organic acid soil (pH 5.5) Alkaline soil (pH 7.9)

Origin of the radioactivity

Dose 1 Dose 2 Dose 1 Dose 2

(1.5 ppm) (94 ppm) (1.5 ppm) (94 ppm)
1. 1CO; liberated 4,91 4.24 6.47 1.92
1I. Mineralization(before extraction with acetone) 77.80 67.02 56. 66 47.17
III. Acetone extract 6.58 6.70 3.43 7.68
IV. Mineralization(after extraction) 47.70 38.40 29. 49 20. 30
Total I+1I 82.71 72.26 63.13 49.09
Total I+III+1IV 59.19 50. 34 39.39 29.90
be due to volatilization. May be other mecha-
nisms of disappearance might be associated
with the formation of high molecular weight Rs ]
compounds as described by Kearney et al.®?® '
Chisaka et al.®? have propesed that low

treng-TCA3

recoveries of anilines from soils could be caused
by binding of the aniline, or possibly its
alteration products, to soil particles. They also
demonstrated that the recovery of aniline from
treated soils was a function of the soil type and
the initial concentration of aniline added.

Identification of “C-TCAB from soils trea-
ted with “C-3,4-DCA.

Fig. 2 shows the autoradiogram of the acetone
extract of soils.

As seen in the autoradiogram, trans-TCAB(Rf
0.35) was strikingly formed from #C-3,4-DCA
in both soils at dose 2 (94 ppm). Meanwhile, in
the case of dose 1 (1.5 ppm), it was formed
only in trace. Quantitatively, the spots on the
tle plate corresponding to trans-TCAB were sc-
raped off and their radipactivities were measured.
At dose 2 (94 ppm), the amounts of trans-TCAB
formed are 50% in organic acid soil and 30% in
alkaline soil, respectively, of the total radioact-
ivities of the soil extracts. These figures corre-
spond to 1.8% and 1.4%, respectively, of the
original radioactivities applied to soils. In both
soils treated with #C-3,4-DCA at dose 1 (1.5
ppm), “C-TCAB was also formed in trace. The
percentage of radioactivities does not exceed 2

to 3% of the total radioactivity of the extracts,
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Fig. 2. Autoradiogram of the acetone extract
of soils treated with C-3,4-DCA. for
106 days

: Dose 1(Organic acid soil)

: Dose 1(Alkaline soil)

: Dose 2(Organic acid soil)

: Dose 2(Alkaline soil)

Time exposed: 3 weeks

Eluent: n-Hexane
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being equivalent to 0.05 to 0.1% of the original
radioactivities applied to soils. Hughes et al.®®
reported that air-drying soils, as well as exten-
ded periods of storage of freshly collected soils-
at 4°C, reduced the formation of TCAB. In their
study, the greatest concentration of TCAB-
formed from applied 3,4-DCA was 22.5% coav-
ersion(soil pH, 4.5; concentration applied, 100
ppm). They also concluded that soils which fall
within a rather narrow range of pH 4.5 to 5.5
resulted in much higher production of azobenz-



enes. In this respect, the low yield of ¥C-TCAB
formation (trans isomer) in our experiment will
be attributed to the use of long-stored soil
samples. It seems that the amount of TCAB
formed is related to the clay content and acco-
rdingly the C.E.C., not much to the soil pH,
based on the fact that organic acid soil which
has more TCAB formed contains 19. 8 m.e./100 gr
of C.E.C. (clay content: 19.4%), whereas alka-
line soil has 6.3 m.e./100 gr(clay content: 12.5%)

Chisaka®® et al. also reported that a clay soil
formed the largest amount of TCAB by glc an-
alysis. The value using freshly collected soil
samples for these types of microbial transforma-
tions of aniline residues has been discussed by
Bartha, 9, In addition, Bartha® has also shown
that peroxidase activity was decreased through
air-drying of soils. Low yields of TCAB from
several soils, the pH values of which fell within
the optimum pH range for TCAB formation were
also discussed to result from the use of air-dried
soil samples in the experiment of Hughes et
al. @2

Additionally, undecomposed *C-3,4-DCA and
an unknown product were observed in the four
extracts. It also seems that trace amounts of
cis-TCAB were detected in the two soils treated
with dose 2 (94 ppm).

Identification by glc of “C-TCAB formed
from “C-3,4-DCA.

The gas-liquid chromatograms of acetone ext-
racts of soils treated with 4C-3,4-DCA are
shown in Fig. 3 and 4.

As seen in Fig. 3, trans-TCAB(Retention time:
27 min.) was remarkably formed in organic acid
soil, whereas in alkaline soil in Fig. 4, only a
‘small amount of trans-TCAB was recognized.

Degradation of “C-TCAB.

In an attempt to follow the fate and persist-
ence of TCAB to be formed from 3,4-DCA in
soil, UC-TCAB was incubated with four types
of soils and analyzed. The percentage of the

initial radioactivity liberated in the form of
3CQ; is presented in Table 6.
As seen in Table 6, the degradation rate of

LR R |

35 30 5 20 w6 s
Retention time (min)
Fig. 3. Gas-liquid chromatogram of the acetone
extract of organic acid soil ireated with
dese 2 of 14C-3,4-DCA

4rans-TCAB

KD 3o, % 45 w0 5
Retention time (i)

Fig. 4. Gas-liquid chromatogram of the extract
of alkaline soil treated with does 2 of
uC-3,4-DCA

ring-labeled ¥C-TCAB was very low, based on

the amount of ¥CO; evolution and in 6 months

of incubation, organic acid soil - decomposed it
by 0.1%, organic neutral soil, 0.05%, argilla-

ceous soil, 0.20%, and alkaliné soil, 0.19%.



Table 6. “CO; evolution from “C-TCAB in soils(Percentage of the initial radioactivity

liberated in the form of COp) .

Z,

?\'lkaline s&?f'xb )

Soils Organ"llﬁ(':,é‘éid soil "* Organic neutral  Argillaceous soil
Replicate (pH 5.5) (pH 7.9) soil(pH 6.9) (pH 7.3)
fncgbation 1 2 1 2 12 1 2

24 0.042 ' 0.035 0.048 0.042 0.011 - 0.028 0.076. 0.055

52 0.06 0. 054 0.087 0.075 0.018 0.041 0.10 0.070

84 0.08 0.070 0.13 0.12 0.028 0.053 0.14 0.11
128 0.10 0.17 0.042 0.18
169 0.11 0.19 0. 051 0.20

Table 7. The radioactivity after 6 months of incubation of #¥C-TCAB in four types of
soils .(Percentage of the initial radioactivity)

Soils Organic acid Organic neutral Argillaceous Alkaline soil
Origin of the radioactivity soil (pH 5.5) soil(pH 6.9) soil(pH 7.3) (pH 7.9)
4CQO, liberated 0.11 0.05 0.20 0.19
Acetone-extractable radioactivity 86.55 86. 83 86.53 78.57
Mineralization 6.59 8.61 7.11 15.39
Total 93.25 95.49 93.84 94.15

respectively. It was also reported that there was
no apparent decomposition of TCAB after 105
days of incubation."® As a result, TCAB turned
out to persist in most soils, irrespective of their
physico-chemical properties. The degradation of
MUC-TCAB into MCO; is plotted against the incu-
“bation periods as seen in Fig. 5.

0.

02

1

Incubation periods (days)

7 Fig. 5. “CO, evolution from “C-TCAB in four
types of soils as a function of incubation
periods

 (1): Argillaceous soil
(2): Alkaline soil
(3): Organic acid soil
(4): Organic neutral soil

Degradation products of “¥C-TCAB were not
detectable in 3 months of incubation. and most
of it remained intact. Table 7 shows the balance
sheet of the radioactivity of ¥C-TCAB utilized
to soils.

As seen in Table 7, much more "“C-TCAB
(15.39%) which could not be extractable with
acetone is thought to be adsorbed to alkaline
soil, compared with those adsorbed to the rest
three soils. Of all the physico-chemical properties
available, soil pH is believed to be largely rela-
ted to this result. That is, the amount of the
cis-isomer of ¥C-TCAB in alkaline soil is expe-
cted to be more than those in the other soils
which have the lower pH values.®® Accordingly,
the cis-¥C-TCAB which has the higher adsor-
ption affinity® than the trans-isomer would be
adsorbed so strongly that it could not be extra-
cted with acetone.

The high yields of radioactivity recovery from
the four types of soils (>>93%) and the failure
to detect any noticeable degradation products of

UC-TCAB confirm that “C-TCAB remained



intact for at least a period of 6 months.
= b

BWITES Wi Lighel A 3,4-DCA 3 TCAB
o MadAg L T8y $se] BERA “C-3,4
-DCA 2 ¥C-TCAB% Al&3te] A¥E 78 8
%59 ERE ddh

(1) 4C-3,4-DCA7t “CO.z sl MEE
BEOA = iy oz #ilde gt
W oF 6709 %kl alkaline soil(pH=7.9)e A dose
1(1.5 ppm) ol A B 6.5%, dose 2(94 ppm)ol A
T 1.92%9 5fE4L 29, organic acid soil
(pH=5.5)¢] 7% dose 1614 4.91%, dose 24
A 4.249%7) SEE Qo HERdE KET ¢
At

(2) Dose 12 3,4-DCAZ 6045k o k& w
organic acid soilo] & 47.70%, Alkaline soilel
AE 29.49%7 = %e] AFH A}, &4 dose 2
2] 73 % organic acid soilo] A = 38.40%, alkaline
soilel A & 20.30%7} #E&= A+t

(3) LiEpol A 3,4-DCAZYEH HEsE TC-
ABY B 4o EE R 3,4-DCAY FAE
Bl kSR 7). dose 2004 HpE TCAB
o] B2 organic acid soild] A= %S kgt
B9 509, alkaline soilol Al &  30%9] & 2351+
ol AL BN AR KW Bt 1.8%
o} 1.4%) &% A2t 1A dose 1A & #
RS Mgt st F L# k3] 2~3%
WA R ke RBEEY 0.05~0.1%
Al Xgt
(4) UC-TCAB7} ¥C0,2 4f@Rd e HEEE 9
$ zEe W 6L Fol S LA =T
0.05%~0.20%9 #fFHE ng= ¢ 3ALF
o TR SWEHE BET F dded XB
& ROFR A2 FEsa.

(5) Alkaline soilo] A] ©}& Eoko]A] nz} A4
B2 89 MC-TCABs} L+ifirhe] HEEE Aoz
Hol AlkaliEeF ZA 3] A trans-TCAB—cis-
TCABS] #ffio] dolvt o] 340l o A% cis
REEAT Lo Wel %D Aoz £8H ).
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