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Abstract

Benzene-ring-labelled **C-Bentazon(3-isopropyl-2, 1, 3-benzothiadiazin-4-one-2, 2-dioxide) incu-

bated aerobically in a German and a Korean soil at application rates of 5.51 and 25.05mg/kg
was mineralized to “CQ, at average rates of 0.6% and 0.2%/week, respectively, in both soils,

in the absence of plants. Distilled water was the most suitable solvent for the extraction of
Bentazon-treated soils. Extraction results disclosed that higher percentages of non-extractable

residues were formed in the lower concentration of 5.51lmg/kg than in the higher concentr-

ation of 25,05mg/kg, relative to the initial concentrations.

Introduction
Bentazon, 3-isopropyl-2, 1, 3-benzothiadiazin-4-
one-2, 2-dioxide, developed by BASF(Limburgerhof,
West Germany) in 1970 is a selective herbicide used
in the cultivation of soybean, cereals and rice. It
is generally used as a post-emergence herbicide by
foliar application and its primary mode of action
is reported to be photosynthetic inhibition™. Mine
and Matsunaka‘® investigated the absorption, trans-
location, and metabolism of **C-Bentazon by several
plant species to determine the mechanism of Ben-
tazon selectivity. They concluded that the main

mechanism governing the selectivity appeared to
be a difference between the plant species in their
ability to metabolize and detoxify Bentazon. Maho-
ney and Pennert® reported that Bentazon metabo-
lism was more rapid in Bentazon-tolerant plant
species than in susceptible ones. It was also con-
cluded that translocation of “C-Bentazon in these
species was not related to susceptibility. Hayes and
Wax®, in their studies of the differential responses
of soybean cultivars to Bentazon, revealed a slightly
greater translocation and about a two-fold greater
foliar absorption in the sensitive cultivar than in
the tolerant one. They also concluded that differ-

ential Bentazon metabolism appeared to be the
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main cause of the differential responses of these
soybean cultivars to Bentazon. Miiller and Sanad®
studied the distribution and behaviour of various
combinations of herbicides containing Bentazon in
winter wheat under field conditions. Otto et al.<®
investigated the degradation of Bentazon in plants
and soils. They reported that the degradation of
Bentazon by micro-organisms and plants proceeds
mainly via hydroxylation of the aromatic ring in
the 6-and 8-positions. Still relatively little informa-
tion is published and available on degradation of
Bentazon in soil. Therefore, in this study, soil
degradation was evaluated using two soils repres-
enting a major agricultural soil type in Germany
and Korea, respectively. Mineralization rates and
the formation of non-extractable bound Bentazon

residues were examined.
Materials and Methods

Chemicals

Ring-labelled “C-Bentazon (specific activity: 10.
81mCi/mMol) and cold Bentazon (>>99.5% purity)
were provided by the BASF Corporation, Limbur-
gerhof, West Germany. The purity was again ver-
ified by thin-layer chromatography (TLC) prior to
use. Some metabolites which were also supplied by
BASF include anthranilic acid isopropylamide (>
99.59% purity), 2-([{(1-methylethyl)amino]sulfonyl]
amino]-benzoic acid (>98% purity), 6~hydroxyben-
tazon (>98% purity), and 8-hydroxybentazon. The
chemical structure of Bentazon and the *‘C-labeling

position are shown in Fig. 1.
Soils used

A German parabraun soil and a Korean soil were
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Fig. 1. Structural formula and labeled position®®
of Bentazon (3-isopropyl-2, 1, 3-benzothia-
diazin-4-one-2, 2-dioxide)
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used after being air-dried and put through a 2-mm
Tyler sieve. The physico-chemical characteristics of
the two soils were as follows: sand, 7.0 and 64.4%;
silt, 85.3 and 31.2%; clay, 7.7 and 4.4%; textural
class, sandy loam both; pH (KCI), 7.1 and 5.9;
carbon, 1.10 and 4.11%; total nitrogen, 0.05 and
0.06%; maximum water-holding capacity, 44 and
46 g/100g soil, respectively. The parabraun soil
(alfisol) represents one of the most fertile soils in
agricultural use in Germany‘™.

Incubation of soils treated with *C-Bentazon

In order to investigate the degradation of Bentazon
in soil and to characterize its residue formation,
two concentration levels of !C-Bentazon were
applied to each soil for an aerobic incubation. For
treatment 1 (T-1), the initial radioactivities and
active ingredient concentrations of the parabraun
and Korean soil were 254Ci (5. 51 mg/kg) and 25,
13 uCi (5.51mg/ke), respectively, for 5 kg of soil
on a dry weight basis. Meanwhile, for treatment 2
(T-2), the initial radioactivities and active ingred-
ient concentrations added to the parabraun and
Korean soil were 100 xCi (25.05 mg/kg) and 100.5
£Ci (25.05 mg/kg) for 5kg of soil on a dry weight
basis, respectively (Table 1). After *C-Bentazon,
dissolved in a small amount of MeOH, was added
to each soil, the solvent was allowed to evaporate
by flushing the container with nitrogen gas. The
mixed soil was put in desiccators and incubated
aerobically by passing through it a stream of CO,-
free air. Throughout the incubation, the moisture
contents were maintained at 50% of the maximum
water-holding capacity of each soil. The incubation
temperature was kept at 2341°C for 105 days. The
1“CO, evolved during incubation was absorbed in

Table 1. Treatment levels of *C-Bentazon in the
soil pre-incubation experiment. 5kg soil
at 23+1°C at 509 of the maximum
water-holding capacity of the soil.

Parabraun soil Korean soil

Treatment -
mg/kg #Ci/kg mg/kg  pCi/kg
T-1 5.51 5.0 5.51 5.0
T-2 25.05 20,0

25.05 20.1
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1 N NaOH and measured at intervals of one week.
Exiraction of the soils

At the completion of the incubation, the soils of
T-1 were air-dried and those of T-2 were exhau-
stively extracted with distilled water and/or a
simulated soil solution of 0.01M CaCl,, since the
latter solution gave good sedimentation. Neverthe-
less, distilled water gave the best extractability
among the solvents tested. The exitracted soils
were also air-dried for a subsequent plant experi-
ment. The water extracts of T-2 for both soils
were concentrated to dryness on a rotary evapo-
rator and the residues were redissolved with MeOH,
passed through a florisil column, and concentrated
again under a stream of nitrogen for the elucidation

of possible metabolites formed during the incubation,

Formation of non-extractable bound residues of

14C-Bentazon

10g each of T-1 and T-2 which had been treated
with “C-Bentazon of different concentrations and
incubated for 105 days were exhaustively extracted
with five 50-ml aliquots of distilled water. The
extracts were then adjusted to pH 1 with conc.
hydrochloric acid. After 40ml of the extract had
been extracted with the same volume (40ml) of
ethyl acetate, the radioactivities of aqueous and
organic phases were measured. The soil-bound *C
residues were again extracted with five 50-ml ali-
quots of 0. IM sodium pyrophosphate. Centrifugation
at 13,000 rpm for 10 min. removed the insoluble
material, humin, and acidification of the super-
natant with conc. hydrochloric acid caused floccula-
tion of the humic acid fraction. The fulvic acid
fraction remained in solution. The humic acid pre-
cipitate was redissolved with IN-NaOH and the
radioactivity was measured. Radioactivity in the
humin fraction was measured by combustion with
a Packard Tri-Carb Sample Oxidizer (Packard 306).

High-performance liquid chromatography

The concentrated soil extracts were separated
and partially purified using a 7 RP-18 column(Hibar
250—4, E. Merck, Darmstadt). A Waters Associates
high-performance liquid chromatograph with a Model
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440 detector (UV detector with fixed wavelength
of 254 nm), two pumps Model 6, 000-A, and a solvent
programmer Model 660 were used for separation.
The radicactivity was monitored on-line with a
Berthold radioactivity monitor Model LB 503. The
HPLC conditions were: room temperature (23~
24°C); a gradient elution of 359 acetonitrile/65%
water (2.5% acetic acid) to 100% acetonitrile in
15 min. using program #8; the flow rate was Iml/
min.

Thin-layer chromatography

The extracts from the soils were developed on
TLC plates (0.2 mm thickness, Kieselgel, E. Merck)
with an F 254 fluorescent indicator for autoradio-
graphy and the subsequent identification. Develo-
ping solvents were chloroform-MeOH(7 : 3, V/V)
and Benzene-EtOH-NH,OH (40:59: 1, V/V).

Results and Discussion

Mineralization of *C-Bentazon in soil

The amounts of “CO, evolved during the incu-
bation period of 105 days are shown in Fig. 2. As
can be seen in this figure, the percentage of miner-
alization to CO, is greater in T-1 (5.5 mg/kg)
than in T-2 (25 mg/kg) by a factor of almost 3.
In T-1, almost 9% (based on MC added) of the
ring carbon of the Bentazon molecule was miner-
alized to **CO, within 105 days, compared with 3.2
~3.4% in T-2.

due to the inhibition of the responsible microorga-

This result seemed to be either

nisms by the higher concentration of Bentazon(T-2)
or due to the limit of their degrading power. No
differences [existed between the two soils. The
absolute quantities of **C mineralization to *CO,

were greater in T-2 than in T~1 in both soils.

Solvent extractability

In order to select a suitable solvent for the extra-
ction of “C-Bentazon-treated soils, various solvents
were tested (Table 2) and also the soil conditions
(wet soil versus dry soil) were changed for the
extractability (Table 3). Neither MeOH nor a
successive extraction with MeOH, acetone, and

MeOH showed a higher extraction efficiency com-
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Table 2. The efficiency of some solvents in extra-
cting Bentazon residues from a para-
braun soil which was incubated with ¢C-
Bentazon (10mg/kg) for 70 days at 22°C
and 50% maximum water-holding capacity.
Wet soil was used.

MC-activity applied=100%

Extraction

4th%

Solvent

tested Ist+2nd% 3rd% total9,
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Fig. 2. Evolution of *CO, during incubation of
soils with '*C-Bentazon(Applied ‘C-acti-

vity=100)

0.8
0.4

76.6
7.4

1.2
1.1

50% MeOH
(50mlx4)
Distilled
water
(50mlx4)
MeOH
(50ml1x2)
Acetone
(50ml)
MeOH
(50ml)

74.6
75.9

73.4
1.0 76.2

1.8

pared with distilled water(Table 2). TLC of extra-
cts verified that all solvents extracted the same
materials, indicating that only a slight degradation
occurred. As can be seen in Table 3, the extracta-
bility of each solvent varies with the soil condi-
tions. In the case of MeOH, wet soil was extracted
better than the air-dried soil. In the cases of 0.01M
CaCl; and distilled water, more radioactivity was
extracted from the air-dried soil than from the
wet soil. Overall, distilled water was the most
efficient for both wet and air-dried conditions,
suggesting that it would be most suitable for the
preparation of non-extractable bound residues with-

out significantly altering soil conditions®. Never-

Table 3. Extractability of some solvents tested for the extraction of the parabraun soil which was
treated with **C-Bentazon, incubated aerobically for 105 days, and planted with maize for 21 days.

Soil : 10g
Solvent : 50ml x4

Radioactivity in the soil (0.0354Ci/10g soil)==100%,

Solvent Seil condition Extracted(%) Non-extractable*(%) Recovery(%)
MeOH Wet 12.95 82.38 95.33
Air-dried 10.02 85.13 95.15
0.01M Wet 13.81 79.21 93.02
CaCl, Air-dried 15. 89 78.91 94. 80
Distilled Wet 17.13 75.70 92.83
water Air-dried 19.18 74.19 93. 37

* Measured by soil combustion
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Table 4, Comparison between distilled water and 0.01M CaCl; solution in terms of extractability of
residual Bentazon ring carbon from soil.
Air-dried soil : 10g
Solvent : 50 ml1x5=250 ml
Extraction time : 15 hrs, each
4C.getivity in the soil before extraction=100%

Extracted(%)
Soil State*
Distilled water 0. 0IM CaCl,
Parabraun A 37.76 35.42
B 18.49 16.47
C 12.23 10.45
Korean A 48.31 41.15
B 20.24 16.49
C 16.78 13.36

* implies **C-Bentazon residues of different backgrounds in soil.

theless, 0.01M CaCl, was also used for the extrac-
tion of soil, because it provided good sedimentation
and it would not affect the soil microorganisms as
much during extraction. Otto et al.® used MeOH
in the extraction of the Bentazon-degrading soils
to solubilize degradation products. Since distilled
water and 0.01M CaCl, solution were the most
promising solvents, they were compared more
closely in Table 4 using the soils which were used
in the subsequent plant experiment. In Table 4,
it is readily recognized that distilled water was
far better than 0.01M CaCl, in the two soils and

their treatments, especially in the Korean soil.

Formation of non-extractable bound residues of

14C-Bentazon in seil

After an aerobic incubation of !*C-Bentazon at
two concentration levels for 105 days, 10 g of each
soil on a dry weight basis were exhaustively extra-
cted with 50 ml of distilled water for 15 hrs. The
same extraction procedure was repeated 5 times.
The non-extractable residues which remained were
measured by soil combustion and are presented in
Table 5. Based on this result, the soils which
were treated with a lower concentration of 5.51 mg/
kg on a dry weight basis produced higher percenra-
ges of non-extractable residues, 46,55 and 56.69%
in the German and Korean soils, respectively,

relative to the initial radioactivity applied. The

soils which were treated with a higher concentra-
tion of 25.05 mg/kg produced 25,94 4and 43.99%
bound *C in the German and Korean soils, respec-
tively. As indicated by the 'CQ, evolution (Fig.
2) in the concentration T-1 (5.51mg/kg soil), the
higher turnover rate of Bentazon led not only to
a higher mineralization but also to a relatively
higher production of bound residues. Although 55~
72% of *C-Bentazon or its metabolites were extra-
cted from soils of higher concentration, the absol-
ute values of radioactivities of the soils of higher
concentration were still greater than those of lower
concentration in both soils.

Fig. 3 shows the radioactivity distribution of the
non-extractable residues in fulvic acid, humic acid,
and humin. Abernathy and Wax® used 12 soils
from Illinois/USA containing organic matter con-
tents ranging from 0.7 to 8.5% to evaluate Ben-
tazon mobility and adsorption. They reported that
Bentazon movement in soil columns was more
retarded by high organic matter than high clay
content. It is quite reasonable then that in the
experiment described here, more non-extractable
residues were formed in the Korean soil which
has a higher carbon content and a lower pH than
does the German parabraun soil. In addition, Aber-
nathy and Wax® concluded that Bentazon was not
adsorbed by any of the 12 selected Illinois soils,
due to its high water solubility(500 ppm) and strong
anionic characteristics (pKa=3.2), based on the
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Table 5. Comparison of the non-extractable bound residues of !*C-Bentazon formed in soils after an
aerobic incubation for 105 days at 23-+1°C and 509 of the maximum water-holding capacity of

the soil in the dark.
HC-getivity applied=100%

UC.activity UC.activity

Soil Initial conc. Mineralization extracted remaining Recovery
(mg/kg soil) to MC0O,(%) with water in soil (%)
(%) (%)
Parabraun 5.51 8.98 41.71 46.55 97.24
25.05 3.44 71.76 25.94 101.14
Korean 5.51 8.79 30.95 56. 69 96. 43
25.05 3.18 54.80 43.99 101.97
Yo
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Fig. 3. Distribution of the radioactivity of non-extractable bound residues of '*C-Bentazon in humic

substances
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: Humic acid
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result obtained from lg of air-dried soil and 10 ml
of Bentazon solutions shaken and allowed to equ-
ilibrate for 24 hrs at 30°C. However, the formation
of mnom-extractable “C residues of Bentazon, as
presented, after 105 days of incubation in soil,
could not be interpreted by the same mechanism

as demonstrated above.

Elucidation of the extracts from the *C-Bentazon-

treated soils

Fig. 4 shows the distribution of the radioactivity

: Non-extractable bound residue

extracted with distilled water after 105 days’ aerobic
incubation of *C-Bentazon in soil. In both soils, it
is clear that greater quantities nf polar products
were formed at the lower concentration (T-1) of
14C_Bentazon compared with the higher concentra-
tion (T-2), as evidenced by the radioactivity dis-
tributed in the aqueous phase relative to that of
the ethyl acetate phase. For further elucidation,
the extracts from T-2 of the soils were subjected
to high performance liquid chromatography. About
95% of the initial *C-Bentazon remained intact in
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Fig. 4. Distribution of *C-Bentazon and its metabolites extracted with distilled water, between aqueous

and organic phase.
a : Extracted(%)

b : Aqueous phase(%)

¢ : Ethyl acetate phase(%)

the German parabraun soil, and about 93% was
unchanged in the Korean soil. The rest which
degraded during incubation was composed of both
more and less polar products than Bentazon. App-
roximately half of these materials were more polar
and half were less polar than the parent compound.
These degradation products have not been identified.
Even if the difference in the degradation of Ben-
tazon in the two soils is slight, it might be due to
the different contents of organic matter which
affects the soil microorganisms involved.

E ®

BenzeneZRo] F Y34 A" A=A “C-Bentazon
(3-isopropyl-2, 1, 3-benzothiadiazin-4-one-2, 2~-dio-
xide) & A E3} 39 E kel 551 mg/ked} 25.05
mg/kge] F FFo7 Asd 23£1°CellA 105U 7t
371H o7 WYL F Bl BF HCO,z 4

E E5E 53 0.6%SF 0.2%°] ¢} Bentazong

A 2okg 4z 228 A} FFF0 AR &
T g el W SR 5% £715E Ben-
tazon E o AFEL 25.05 mg/kge A EFoA
Bohs 5,51 meg/kgs Ad EgA ZF Hx A
S-o] d3le] ot 2L v EE YA

References

1. A. Mine and S. Matsunaka (1975) : Mode of
action of Bentazon effect on photosynthesis,
Pestic. Biochem. and Physiol., 5, 444,

2. A. Mine, M. Miyakado and S. Matsunaka(1975)
: The mechanism of Bentazon selectivity,
Pestic. Biochem. and Physiol., 5, 566.

3. M. Mahoney and D. Penner (1975) : The basis
for Bentazon selectivity in navy bean, cockle-
bur, and black nightshade, Weed Sci., 23, 272,

4. R.M. Hayes and L.M. Wax (1975) : Differential
intraspecific responses of soybean cultivars to
Bentazon, Weed Sci., 23(6), 516.



(24) &I %3 553 A

5. F. Miller and A. Sanad (1978) : Verbleib ver-
schiedener Kombinationsherbizide in Winter-
weizenpflanzen, Med. Fac. Landbouww. Rijks-
univ. Gent, 43/2, 1167.

. S. Otto, P. Beutel, N. Drescher and R. Huber
(1979) : IUPAC Advances in Pesticide Science
(Ziirich, 1978), Part 3, ed. by H. Geisbuhler,
551, Pergamon Press, Oxford and New York.

7. 0. Germann (1983) : Zur Bodenfruchtbarkeit,

A6d A 13(1987)

13, Auflage, Landwirtschaftliche Beratung

Thomasdiinger, Diisseldorf.

. R. Kloskowski and F. Fiihr (1983) : Versuche

zur Charakterisierung und Bioverfiigbarkeit von

nicht-extrahierbaren Simazin-riickstinden im
Boden, Chemosphere 12, 1557.

. Abernathy, J.R. and L.M. Wax (1973) : Ben-

tazon mobility and adsorption in twelve Illinois
soils, Weed Sci., 21, 224,



