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BIOREMEDIATIONOFENDOSULFAN

Introduction

Endosulfan has proved to be a cheap and efficacious insecticide. It provides on oin value
in the protection of conventional and transgenic cotton crops against Hellothis and other
Insect pests. However, endosulfan has been associated in the past with off-site residue
problems that threaten its ongoing registration. There are two primary areas of concern in
this regard. The first of these is with respect to environmental impacts of endosulfan
contamination of downstream waterways. The second centres on concerns regarding
endosulfan residues identified in locally grown beef through consumption of contamination
of pastures. The cotton industry has responded to the concerns surrounding endosulfan
usage by developing and achieving widespread adoption of Best Management Practices for
Minimising the Impact of Pesticides. Whilst these practices should reduce the risk, the
seriousness of the concern with respect to the two issues identified above requires

development of mechanisms to directly address contamination. Many of the problems with
endosulfan residues would be avoided if water at risk could be quickly decontaminated.
This could be achieved by on-farm bioremediation of tail water with specialised enz mes
(proteins that catalyse chenxical reactions). This paper describes early progress in a CRDC
and CRC supported CSIRO projectthatis working towards this goal. A more detailed
description of this work will appear in Sutherland 81 a1. , 2000a, b (I, 2).
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Bioremediation (detoxification using biological materials) is possibly the simplest method
for the treatment of large contanxinated sites (3). Bioremediation using live
microorganisms requires sources of nutrients specific to the requirements of the
reinediating microbe. Whilstthe environment of the contantinated site ina rovides these

nutrients, generally supplementation with additional nutrients is required. Bioremediation
with enzymes does not require nutritional supplementation and holds potential in
environments with low nutrientlevels, ie. Waste water. Whilst enzymes have not yet been
commercialised for bioremediation of insecticides, they have found increasing use over the
last decade in a wide range of industrial and domestic applications. For exam 16, rotease
enzymes are widely used in laundry and cleaning products



CSIRO Entomology is developing an enzymatic bioremediation technology for detoxifying
endosulfan and related residues in contanxinated water prior to its release from the farm and

into the waterways. The work benefits from being part of a larger CSIRO Entomology
project to develop bioremediation enzymes for a range of pesticides. Products of this
larger project, which has already developed enzymes for organophosphates and
pyrethroids, are licensed to Onca Australia Ltd (formerly ICI Australia). Onca Australia
Pty Ltd has a large watercare Division and extensive marketing and distribution network in
rural Australia

Sources of Bioremediating Enzymes

It is well established that contact with contaminants leads to adaptation of indigenous soil

microbial populations (4) and the most cornrrion sources of enzymes with bioremediation
potential have so far been pesticide tolerant soilintcroorganisms. Most pesticides are not
particularly toxic to bacteria but are worthwhile nutrient sources to microbes if they are
recurrently available in more than trace amounts. This is frequently the case where
relatively persistent pesticides are deliberately applied to soil for treatment of soil pests or
where accidental/incidental exposures occur regularly.
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Numerous studies have described the degradation of endosulfan in soils or by soil

microorganisms (5-15). The insecticide is degraded by attack at the sulfite group via both
oxidation and hydrolysis to form the toxic endosulfan sulfate and the non-toxic endosulfan
diol, respectively (Figure I)

Figure I. Most common products offendosulfan degradation.
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The formation of endosulfan sulfate occurs only through biological transformation,

whereas hydrolysis to the diol occurs readily at alkaline pH (11). Many previous studies
describing degradation of endosulfan in microbial cultures were unable to calculate the
contribution of chemical, as compared to biological, hydrolysis. This is because microbial
growth often led to an increase in pH of the culture medium to a point at which chemical
hydrolysis became significant. Furthermore, losses of Gridosulfan from culture media or
soils can occur readily through both volatilisation and adsorption to surfaces (16). This
requires care in the culture of the organisms and detection of product fomiation to ensure
that losses of the insecticide are the result of biological degradation
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Isolation of an Endosulfan-Degrading Bacterium

We investigated soil with a history of exposure to endosulfan as a potential source of
Gridosulfan-degrading bacteria, using a rigorously controlled experimental system to
minimise losses of endosulfan due to chemical hydrolysis, volatilisation and adsorption

Enrichment of a culture of soil bacteria capable of degrading endosulfan was achieved and

maintained by providing endosulfan as the only sulfur source. Endosulfan is a poor
biological energy source and previous attempts to enrich for endosulfan-degrading
microorganisms, using the insecticide as a carbon source, have been unsuccessful(5,17).
However, endosulfan has a relatively reactive cyclic sulfite diester group (18, Fig I) and in
our experiment microorganisms were selected for their ability to release the sulfite group
from endosulfan and to use this as a source of sulfur for growth. Since the removal of the

sulfur inoiety dramatically decreases vertebrate toxicity (19.20), this method selects
organisms capable of detoxifying the insecticide.

After successive sub-culturing with endosulfan as the only source of sulfur, analysis of the
soil culture confirmed substantial disappearance of endosulfan, with a simultaneous

increase in bacterial mass (Figure 2). Commercial endosulfan contains a jinxture of two
diastereoisomers: alpha-endosulfan and beta-endosulfan, in a ratio of 7:3 respectively.
Addition of alpha-, beto- or technical grade Gridosulfan, or a range of other sources of
sulfur, promoted growth of the culture to varying degrees. No growth was observed in the
medium withoutthe addition of a sulfur source. Rates of endosulfan metabolism increased

with each successive subculturing and a pure culture was obtained after six months.
Growth of the final culture on solid media gave rise to slow growing translucent colonies
that became easily visible after 3-4 days and reached 3 mm diameter after 6 days. Broth
cultures of individual colonies degraded Gridosulfan by both hydrolytic and oxidative

pathways. This isolate was named strain ESD (^rido^ulfan Degrading).
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Figure2. GrowthofstrainESDinminimalmedia with 50uMma mesiumsulfate, t h ' I d
endosulfan or no sulfur source.
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Characterisation of Endosulfan-Degrading Bacterium

Analysis of the fomiation and decay of endosulfan and its metabolites in rowin cultur
led us to propose a pathway of endosulfan metabolism by strain ESD (Figure 3). Accordin
to this pathway the insecticide is either oxidised orhydrol sed. The oxidatio t'
favoured for the alpha isomer and produces endosulfan sulfate. Preferentialoxidati f
this isomer has been reported previously and it is thoughtthatit contributes the ina'ont of
Gridosulfan sulfate found in the environment (12, 21, 22). The hydrolytic athwa of
degradation progresses through a novel metabolite, which has molecular characteristics
predictive of endosulfan monoaldehyde (Figure 3). Oxidative cyclisation of the mono-
aldehyde then leads to endosulfan hydroxyether, which is further metabolised t I
products. This pathway is substantially different from the degradation athwa desc b d '
other studies (8, 12, 22, 23). The pathway proposed in these other studies involves a
double hydration to produce endodiolfollowed by a dehydration to roduce end If
ether.
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As the novel putative monoaldehyde product has not been described as a rod or f
chemical degradation, we are confidentthatthe degradation we observe b strain ESD '
biological. Currently, the culture metabolises 50 I'M endosulfan to undetectable Iev I
less than 4 days. This rate is significantly higher than those measured in revious st d' ,
in which both biological and chenxical degradation often contributed to rates of e d If
disappearance. Our study differs from previous studies by the a Iication of st
selection pressure on the culture to release the sulfur inoiety from the insecticide, allow'
us to enrich for the degradative activity and concurrently detoxify the insecticide. We
currently characterising the hydrolytic ability of this culture as a potential enz matic
bioremediating agent for endosulfan.

I

Figure 3. Pathway of endosulfan metabolism proposed for strain ESD.

polar product(s)



Acknowledgments

We are grateful for the financial support of the Cotton Research and Development
Corporation (CSE 77C), the Horticultural Research and Development Corporation
(HG97340) and Onea Australia Pty Ltd. We thank Hoechst Schering AgrEvo Pty Ltd for
providing technical grade endosulfan.

References

I. Sutherland, T. D, I. Home, M. I. Lacey, R. L. Harcourt, R. I. Russell, and I, G
Oakeshott. 2000. Enrichment of an endosulfan-degrading mixed bacterial culture

Appl. Environ. Microbi01. 66: In press
2. Sutherland, T. D, I. Home, R. L. Harcourt, R. I. Russell, and I. G. Oakeshott. 2000

Isolation of an endosulfan-degrading Mycobacterium species. Appl. Environ.
Microbiol. In preparation.

3. Cutright, T. I. , and S. Lee. 1994. In-sitz, bioremediation of PAH containing soil using
Mycobacterium sp. Fresenius. Envir. Bull. 3:400-406

4. Lewis, D. L. , R. E. Hodson, and L. F. Freeman. 1984. Effects of microbial community
interactions on transfonnation rates of xenobiotic chemicals. Appl. Environ. Microbiol

48:561-565.

5. Guerin, T. F. 1999. The ariaerobic degradation of endosulfan by indigenous
Tmcroorganisms from low-oxygen soils and sediments. Environ. Pollut. 106:13-21.

6. Awasthi N. , N. Manickam, and A. Kumar. 1997. Biodegradation of endosulfan by a
bacterial coculture Bull. Environ. Contain. Toxic01. 59:928-934

7. Kathpal, T. S. , A. Singh, I. S. Dhankhar, and G. Singh. 1997. Fate of Gridosulfan in
cotton soil under sub-tropical conditions of northern India. Pestic. Sci. 50:21-27.

8. Kullman, S. W, , and F. Matsumura. 1996. Metabolic pathway utilized by Phanerochete

chrysospori"in for degradation of the cyclodiene pesticide endosulfan. Appl. Environ
Microbi01. 62:593-600.

9. Schneider, M. , and K. Ballschrntter. 1995. Transfomiation experiments with two chiral
endosulfan metabolites by soil microorganisms - CmRAL ERGC on lipophilic
cylodestrin derivatives. Fresenius I. Anal. Chem. 352:756-762.

10. Rao, D. M. R. , and A. S. Murty. 1980. Persistence of endosulfan in soils. J. Agric.
11. Mariens, R. 1976. Degradation of 18,9-"ClGridosulfan by soil microorganisms. Appl

Environ. Microbi01. 6:853-858.

12. Miles, J. R. W. , and P. Moy. 1979. Degradation of endosulfan and its metabolites by a
jinxed culture of soilrntcroorganisms. Bull. Environ. Contain. Toxic01. 23:13-19.

and M. E. H. Omer. 1974. Metabolism of endosulfan isomers by13. EI Zorganir, G. A. ,

ASPergillus niger. Bull. Environ. Contain. Toxic01. 12:182-185.

224



14. Mukherjee, I. , and M. GOPa1. 1994. Degradation of beta-endosulfan by ASPergill"s
niger. Toxicol, Environ. Chem. 46:217-221.

15. Katayama, A. , and F. Matsumura. 1993. Degradation of organochlorine pesticides,
particularly Gridosulfan by Trichodenna harzion"in. Environ. Toxicol. Chem. 12:1059-
1065

16. Guerin, T. F, , and I. R. Kerinedy. 1992. Disttibution and dissipation of endosulfan and

related cyclodienes in sterile aqueous systems: implications for studies on

biodegradation. J. Agric. Food Chem. 40:2315-2323

17. Marrens, R. 1972. Der Abbau von Endosulfan durch Mikroorganismen des Bodens.

Schriftener. Vers. Wasser-boden-Lufthyg. , Berlin-Dahlem, Heft 37, 167 pp.

18. Van Woerden, H. F. 1963. Organic Sulfites. Chem. Rev. 63:557-571.

19. Dorough, H. W. , K. Huhtanen, T. C. Marshall, and H. E. Bryant. 1978. Fate of

Gridosulfan in rats and toxicological considerations of apolar metabolites. Pestic.

Blochem. Physi01. 8:241-252.

20. Goebel, H. , S. GOTbach, W. Knauf, R. H. Rimpau, and H. Huttenbach. 1982

Properties, effects, residues and analytics of the insecticide endosulfan. Residue Rev.
83:40-41.

21. Beard, I. E. , and G. W. Ware. 1969. Fate of endosulfan on plants and glass. I. Agric.
Food Chem. 17:216-220.

22. Chopra, N. M. , and A. M. Mahfouz. 1977. Metabolism of Gridosulfan I, Gridosulfan 11,
and endosulfan sulfate in tobacco leaf. I. Agric. Food Chem. 25:32-36.

23. Nath, A. , D. C. Shanna, and I. D. Shanma. 1985. Metabolism of endosulfan in the

Indian honey bee. Expertentia 41:14/1-1412.

24. Mater-Bode, H. 1968. Properties, effect, residues, and analytics of the insecticide
endosulfan. Residue Rev. 22:1-44

225




