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Carbamate insecticides are used increasingly in agriculture as a
replacement for environmentally more persistent organochlorines
for broadspectrum control of insect pests of crops including
certain insect pests not controlled by organochlorine or organo-
phosphorus insecticides. Carbofuran (2,3-dihydro-2,2-dimethyl-7-
benzofuranyl N-methylcarbamate), a broadspectrum insecticide, is
one of the widely uSed carbamate insecticides in rice culture,
especially for controlling brown planthopper (Nilaparvata lugens
Stal), a major insect pest of great concern in areas of intensive
cultivation of new high yielding rice varieties. Carbofuran is
generally applied as granules to flooded rice paddies or as a
spray to the basal portion of leaf sheath. Recently, an analog of
carbofuran viz. carbosulfan (2,3-dihydro-2,2-dimethyl-7-benzo-
furanyl (di-ni-butyl)-aminosulfenyl) methylcarbamate) has been
developed and recommended as a spray for use as an effective
substitute for carbofuran. There is consideirable literature on
the fate and persistence of carbofuran 1in soil and water
environments (Rajagopal et al. 1984). Carbofuran undergoes rapid
chemical hydrolysis under alkaline conditions (at pH above 8.0) in
buffer, water and soils (Fullmer 1977, Venkateswarlu et al. 1977,
Seiber et al. 1978, Venkateswarlu and Sethunathan 1978, Sidda-
ramappa and Seiber 1979, Chapman and Cole 1982). In contrast,
available information indicates that its analog, carbosulfan is
chemically stable under alkaline conditions, but undergoes rapid
chemical hydrolysis (Ramanand 1989) to carbofuran and dibutylamine
at pH below 6.0. Virtually, no information is available on the
fate of this promising insecticide in soil and water. The present
study is concerned with the persistence of carbosulfan and
carbofuran in soils at 25 and 35°C.

MATERIALS AND METHODS

An alluvial soil (pH 6.2, organic matter 1.6%, total nitrogen
(0.09%) from the experimental farm of Central Rice Research
Institute, Cuttack, India and a laterite soil (pH 7.2, organic
matter 0.6%, total nitrogen 0.04%) collected from Sukinda, India

Send reprint requests to N. Sethunathan at the above address.
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were used. Technical grade carbosulfan (89.5% purity) and
analytical grade carbofuran (99.4% purity) were gifts from FMC
Corporation, Middleport, New York.

The soils were air~dried and ground to pass through a 2-mm sieve.
Relative persistence of carbosulfan and carbofuran was studied in
flooded alluvial soil. Portions (20 g) of sieved alluvial soil
were placed in sterile glass test tubes (200 x 25 mm) and 25 mL of
sterile distilled water were added to the soil to maintain flooded
condition. Flooded alluvial soil was then incubated at 25 + 1°C
and 35 + 1°C in B.0.D. incubator. After 10 days of incubation at
respective temperatures, 0.1 mL of technical grade carbosulfan in
ethanol and analytical grade carbofuran in 0.1 mL acetone
containing 1 mg active ingredient of the insecticides were added
to separate sets of test tubes and again incubated at corres-
ponding temperatures. Duplicate samples were removed at periodic
intervals for extraction and analysis of carbosulfan and
carbofuran by gas-liquid chromatography (g.l.c.)

To determine the involvement of microorganisms in the hydrolysis
of carbosulfan, 20-g portions of sieved alluvial and laterite
soils were placed separately in sterile glass test tubes (200 x 25
mm) and adequate sterile distilled water was added to each tube to
provide 60% water holding capacity. One set of test tubes of both
soils was sterilized by autoclaving at 121°C for 1 h for three
consecutive days. Sterile distilled water (25 mL) was subse-
quently added to non-autoclaved and autoclaved soil aseptically
to provide flooded conditions. The flooded autoclaved and non—~
autoclaved soil were then incubated at 25 + 1°C and 35 + 1°C in
B.0.D. incubator. After 10 days, 0.1 mL of carbosulfan (1 mg for
alluvial soil and 1.5 mg for laterite soil) was added to each tube
as described earlier. At periodic intervals, duplicate samples
were analysed for carbosulfan and its hydrolysis product,
carbofuran by g.l.c.

For residue extraction, the total contents (soil and water) in
each tube were transferred to a 250-mL Erlenmeyer flask. Ethyl
acetate (50 mL) and 20 g of anhydrous sodium sulfate were added to
the flasks containing soil and water and shaken for 2 to 3 h.
Residues in the ethyl acetate fraction were analysed in a Varian
gas—chromatograph model 3400 equipped with a thermionic specific
detector using a 5% OV-101 in a stainless-steel column. The
operating conditions for carbosulfan were : argon (30 mL/min);
hydrogen (3 mL/min); air (150 mL/min); column, 250°C; injector,
250°C; detector 270°C. For carbofuran, the same flow rates for
gases were used; but column, injector and detector were maintained
at 190, 240 and 250°C; respectively. The pH of soil samples were
determined at regular intervals at 1:1.25 soil-water ratio.

RESULTS AND DISCUSSION

In a study on the persistence of carbosulfan and carbofuran in a
flooded alluvial soil, both insecticides disappeared more rapidly
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at 35°C than at 25°C (Table 1). Carbosulfan was degraded
distinctly faster than carbofuran at both temperatures. Thus, the
concentration of carbosulfan declined to undetectable levels in 6
days at 35°C and to negligible levels after 30 days at 25°C; but,
the amount of carbofuran recovered from carbofuran—amended soil
was more than 207 of the original level after 6 days at 35°C and
25% even after 30 days at 25°C. The degradation of carbosulfan in
soil at both temperatures proceeded by hydrolysis, at a faster
rate of 35°C than at 25°C, with concomitant accumulation of
carbofuran as its hydrolysis product in substantial amounts.
Carbofuran, formed from carbosulfan, also disappeared faster at
35°C than at 25°C as noticed with carbofuran applied to the soil.
Carbosulfan is known to undergo fairly rapid chemical hydrolysis
in buffer or water at pH below 6.0 (Ramanand 1989). Exceptionally
rapid hydrolysis of carbosulfan in flooded soil, at 35°C in
particular, raises the question whether this hydrolysis is
mediated chemically, biologically or both. When carbosulfan was
added to the 10-day preflooded soil, the pH of the soil was 6.9 to
7.1. No appreciable change in pH occurred during further
incubation of the soil for 30 days after insecticide addition. At
this pH range, carbosulfan is relatively stable (Ramanand 1989).
The rapid hydrolysis of carbosulfan in the soil is probably not
related to pH.

In a follow-up experiment, microbial role in the hydrolysis of
carbosulfan was examined by comparing its loss from sterilized
(autoclaved) and nonsterilized alluvial so0il under flooded
conditions. As in the earlier experiment, hydrolysis of
carbosulfan proceeded more rapidly at 35°C than at 25°C in non-
sterilized soil with concomitant accumulation of carbofuran in
substantial amounts (Table 2). In sterilized soil, no appreciable
degradation of carbosulfan occurred during 30-day incubation and
no carbofuran was formed from carbosulfan. The pH of both
sterilized and nonsterilized soil at the time of insecticide
addition (10 days after flooding) and during 30C-day incubation
after insecticide addition was 6.9 to 7.1.

The persistence of carbosulfan was studied in sterilized and non-
sterilized samples of laterite so0il under flooded conditions.
Degradation of carbosulfan occurred only in nonsterilized soil
(Table 3). As in alluvial soil, a rise in temperature from 25 to
35°C increased the hydrolysis of carbosulfan to carbofuran in
nonsterilized soil samples. Carbosulfan appeared to be more
persistent in laterite soil (Table 3) than in alluvial soil (Table
1); because, substantial amount of carbosulfan was recovered from
nonsterilized soil after 12 days even at 35°C. The pH of laterite
soil was 6.9 to 7.1 during 30-day incubation.

Persistence of carbosulfan in sterilized soils suggests that this
insecticide is chemically stable in soils of near neutral pH.
Substantial hydrolysis of carbosulfan in nonsterilized soils, and
not in sterilized soils, indicates that microorganisms are
involved in its hydrolysis.
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