719999

19999




Bioelimination of pesticides and other chemical residues from soils and waste
waters

A.A.M.KUNHI
Department of Food Microbiology
Central Food Technological Research Institute
Mysore-570 013, India

ABSTRACT

That the adipose tissue of Indian population has got the highest load of
pesticide residues is well documented. It is also a very disturbing fact that mother's
milk in our country has alarmingly high levels of pesticide residues. BHC and DDT
are the major pesticide residues that were detected in human body and milk. Other
organochlorine insecticides such as heptachlor, endosulphan, aldrin, dieldrin. etc also
have been detected though not at very high concentrations. Residues of 2.4,5-T and
products of partial degradation of several other herbicides and insecticides also pose
serious environmental problems. The deleterious effects of organochlorine
compounds on human health has now been well recognised. Research data are
rolling out day-by-day from different laboratories around the world on the effects of
pesticides on nervous. immune, and reproductive systems. Endocrine disrupting
activity of some of these compounds is well established. All these chemical residues
reach human body mainly through food. The residue that accumulate in soil and
water due to their recalictrance enter the food chain and get bioconcentrated. Almost
every food commodity in India carries traces to heavy loads of pesticide residues.
This, no doubt, is a threat to our owﬁ health, but also has affected the export market
of various crop produces. Work on development of treatment and bioremediation
technologies based on microbial degradation of various xenobiotic and hazardous
chemicals has been going on in our Department for the last 8-9 years. Potent

microbial consortia that can degrade. «-. B-, y- and §-isomers of
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hexachlorocyclohexane (HCH) and technical-HCH (upto 400 ppm) in shake flasks
were developed. Four bacterial strains capable of degrading upto 25 ppm of DDT in
shake flasks and upto 15 ppm in soil, within 48-72 hr, have been isolated and
degradation kinetics were studied. 2.4,5-T, an extensively used and highly
recalcitrant herbicide, was found to inhibit tomato and brinjal seed germination
completely at 20 ppm level. Inoculation of soil with Burkholderia cepacia AC1100.
7 days before sowing the seeds, effectively protected the seeds resulting in normal
germination. 4-Chlorobenzoate (4-CBA), an intermediary metabolite of
biodegradation of DDT and PCBs generally accumulate in soil. 3- Chlorobenzoate
(3-CBA) is another important pollutant chemical. Both these inhibit germination of
seeds particularly of the numbers of Solanaceae family (e.g., tomato, tobacco.
brinjal, etc.). Bioremediation of soil by inoculation with Pseudomonas aeruginosa
3mT, a potent degrader of 3-CBA and 4-CBA (upto 8 and 12 g/L., respectively)
efficiently eliminated the inhibitory effect. The kinetics of degradation of
chlorobenzoates in shake flasks and their biochemistry were worked out. Phenolic
compounds originating from petroleum, coal gasification and other industries are
major pollutants of underground water. Five potent bacterial strains that can
mineralise phenol were isolated. Pseudomonas sp. CP4 could degrade 1.5 g/L
phenol by free cells and upto 4.0 g/LL by agar-agar encapsulated cells. Strains CP4,
Pseudomonas sp. strains CPC-1, CoPC-4 and SoPC-5 could degrade all the three
isomers of cresol and other aromatic compounds through a meta-cleavage pathway.

P.stutzeri SPC-2 degraded phenol and hydroxybenzoates through an ortho-pathway.
A mixed culture containing eight bacterial strains could efficiently degrade all the
three isomers of mononitrophenol individually and in mixtures. Nitrophenols are

intermediary metabolites of certain herbicides and insecticides.
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MICROORGANISMS ISOLATED/USED IN THE WORK

o-HCH degrading microbial consortium

Ps.fluorescens CFR 1002
Ps.stutzeri CFR 1003
Ps.pseudoflova CFR 1004
Ps.palleronii CFR 1005
Ps.diminuta CFR 1006
Ps.mendocina CFR 1007
Ps.carvophilli CFR 1008
Ps.solanacearum CFR 1009

[

. Consortium isolated by a long

term enrichment technique

Degrades: upto 100 ppm of -
HCH within 72 hr in shake flasks

Also degrades B-, v, and §-HCH

Fusarium sp. CFR 217 4. Individual strains degrade only
upto 10.ppm of o-HCH

v-HCH-degrading microbial consortium

Pseudomonas sp. CFR-1010 1. Consortium isolated by

Pseudomonas sp. CFR-1011 enrichment of sugarcane tield

Pseudomonas sp. CFR-1012 soil

Pseudomonas sp. CFR-1013

Pseudomonas sp. CFR-1014 2. Degrades upto 300 ppm of

Pseudomonas sp. CFR-1015 lindane in shake flasks

Pseudomonas sp. CFR-1016 A

Pseudomonas sp. CFR-1017 3. Degrades other isomers also

Pseudomonas sp. CFR-1018

Fusariums sp. CFR-217 4. Individual isolates can degrade

only 10 ppm of y-HCH

DDT degrading bacteria

1. Strain DT-Ct-1

Q]

. Strain DT-1P

3. Strain DT-2

4. Strain DT-Ct-2

All the strains degrade upto 25 ppm
ppm of p-p-DDT

All the strains degrade upto 25 ppm
DDT within 48-96 hr in shake flasks

In soil DT-Ct-2 degrades upto 25
ppm within 120 hr
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Phenol degrading strains

L. Pseudomonas sp. CP4 I. Alldegrade 1-1.5 ¢/I. | I. All degrade
phenol in shake flasks cresols

2. Pseudomonas sp. CPC-1

3 Py aerueinosd CopC—d 2. CP4 tolerates upto 4 2. Follow a meta-

- £ deruginosd -0 - g/L phenol when cleavage pathway

4. Pseudomonas sp. SOPC-5 encapsulated in agar-
agar

5. Ps.stutzeri SPC-2

Degrades upto 1.2g/L.
phenol and hydroxy-

benzoates

Follows an ortho-
cleavage pathway

|

Nitrophenol-degrading consortium

=1 O U = Lot —

Ce

Klebsiella ozaenae SNP-1a
Ps.stutzeri SNP-1b

Xanthomonas maltophila SNP-2
Ps.aeruginosa SNP-3
Flavobacterium odorarum SNP-4a
Ps.aeruginosa SNP-4¢
X.maltophila SNP-3
Pseudomonas sp. SNP-6

2. Can degrade

simultaneously

1. The consortium was developed by
enrichment of soil collected from the
vicinity of a pharmaceutical industry

| o-Nitrophenol upto 210 ppm
m-Nitrophenol upto 210 ppm
p-Nitrophenol upto 280 ppm

3. Can also degrade mixture of all the
tsomers (56 ppm each)
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Chlorobenzoate degrading strain

Ps.aeruginosa CFR 1001

1. Degrades upto 8 g/L of 3-chloro-
benzoate and 12 g/L of 4-chloro-
benzoate in shake flasks

o

Bioremediates 3-CBA/4-CBA-
contaminated soil and protects
tomato seeds from germination
inhibition

24,5-T degrading Burkholderia cepacia
AC1100

Obtained from Prof Anand
Chakrabirty) USA.

Used for bioremediation of 2.4.5-T-
contaminated soil for protecting
seeds from the inhibition of
germination




Future plan of work

1. To study the biochemistry of degradation of HCH. particularly that of b-d. and a-
HCH. '

R

Deciphering the parthway(s) of degradation of DDT by bacterial strains

3. To study the genetics of degradation of HCH isomers and DDT with a view to
improve the strains

4. Field trials of bioremediation of HCH and/or DDT-contaminated soils

n

Development of microbial strains/consortia for the degradation of heptachlor.
aldrin. dieldrin. endosulfan. synthetic halogenated pyrethroids, etc
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