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INTRODUCTION

Halogenated hydrocarbons are an important
class of chemicals used for many industrial

applications.” They are used as pesticides,

plastics, solvents, and degreasers. Despite their
industrially beneficial uses, some have caused

serious environmental damage including

contamination of air, soil, and groundwater,

killing of or injuries to nontarget organisms,
depletion of the stratospheric ozone layer,and
long-range
carcinogens to humans, and persistent in soils

transport. Many are suspected

and waters” Consequently, the public is
concerned about possible adverse effects on the
quality of life due to these compounds.

Most halogenated compounds fall into two

main groups. The first group of these chemicals
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short-chain  halogenated  aliphatic
hydrocarbons such as trichloroethylene (TCE),
ethylene dibromide(EDB), methy] bromide(MeBr),
chloroform, and 1,3-dichloropropene(1,3-D). The

includes

second group includes halogenated aromatic
compounds such as DDT, polychiorinated
biphenyls(PCBs), chlorophenols, chlorobenzenes,

chlorobenzoates, chlorotoluenes, and chlorophen-
oxyacetates.

MECHANISMS OF
DEHALOGENATION

The carbon-halogen bond 1is strong or
recalcitrant to breakdown, due to the increased
substituents, and
halogenated compounds with one or at most a

electronegativity of the

few substituents are thought to be more readily
degradable than the corresponding polyhalogena—
ted compounds.® Of the possible carbon-halogen
bonds, the C-F bond
results in more recalcitrance, comparable to a

is the strongest and

carbon-hydrogen bond, and high dissociation
energy. On the other hand, the C-I bond is the
weakest carbon—halogen bond and is much less
Carbon-halogen bonds can be
by biological (enzymatic) or
unstable

mechanisms

recalcitrant.
broken either
chemical dehalogenation to form
with
generally being faster than chemical mechanisms

intermediates, biclogical
under the same condition. Many dehalogenating
enzymes are involved in catalyzing the removal
of halogen elements.

Fetzner and Lingens® suggested that seven
can be
dehalogenation:

1. Reductive dehalogenation. Reductive dehal-

ogenase can catalyze replacement of the

mechanisms involved In biological

halogen substituent on  aliphatic or aromatic
ring carbons by hydrogen atoms.

2. Oxygenolytic dehalogenation. Monooxygen-

@A AstaA A6 35(200)

can be involved in

incorporating one or two atoms of molecular

ase or dioxygenase
oxygen into the substrate, concurrently removing
halogen atoms.

3. Hydrolytic Hydrolytic
dehalogenase can catalyze the replacement of

dehalogenation.

halogen atoms by the hydroxyl(OH) groups of
water.

4. Thiolytic dehalogenation. A dehalogenating
glutathione S-transferase, which is produced by
dichloromethane-utilizing bacteria, can catalyze
the formation of a S-chloromethyl glutathione

conjugate, with concomitant release of chlorine

atoms.
5. Intramolecular substitution. Intramolecular
nucleophilic displacement accelerates the

formation of epoxides, which are involved in the
dehalogenation of vicinal haloalcohols.

6. Dehydrohalogenation. The concurrent elimi-
nation of HCl from halogen compounds can
result in the formation of a double bond.

7. Hydration. Hydratase enzyme can catalyze
the step of adding a water molecule to form
unstable intermediates during the breakdown of
halogenated compounds.

Because of the widespread use of halogenated
hydrocarbons
persistence in conjunction with inadequate past

in many industries and their
techniques for handling, storage, and disposal of
these chemicals, halogenated hydrocarbons have
become ubiquitous environmental pollutants. In
fact, these compounds are the most frequent
groundwater contaminants in the United States.”
These chemicals are toxic to humans, and many
of them are suspected carcinogens. Consequently,
the public is concerned over the contamination
of these chemicals in drinking water”®
Trichloroethylene(TCE) and methyl bromide
(MeBr) each have structural similarity(ie,
short-chain halogenated aliphatic hydrocarbons)

and are each degraded by cometabolism.
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TRICHLOROETHYLENE

Trichloroethylene belongs to a family of
chlorinated aliphatic  hydrocarbons
industrial solvents having a

synthetic
manufactured as
greatly reduced potential for fire or explosion.ﬂ
It is widely used for degreasing and cleaning
metals and electronic components. Because of
frequent detection in drinking water aqujfers,S)
TCE has been classified as a priority pollutant
in the US.A. In addition, TCE 1is the most
frequently reported contaminant at hazardous
waste sites on the National Priority List of the
U.S. Environmental Protection Agency(USEPA).”
Major metabolites of TCE(TCE-epoxide, dichlo-
roethylene, and vinyl chloride) and perchloroet-
hylene(PCE)
contamination problems.

also cause serious groundwater
%" These chemicals are
suspected carcinogens and generally tend to
resist biodegradation in the environment®
Microorganisms capable of utilizing TCE as a
sole source of carbon and energy for growth
have not been reported. However, TCE can be
degraded by bacterial
anaerobic(Fig. 1) and aerobic(Fig. 2) conditions.
Under TCE can be

transformed as a non-growth-supporting elec-

cometabolism  under

anaerobic  conditions,

PCE
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Fig. 1. Proposed anaerobic degradation
pathways of TCEY?

TCE can be
sequentially  dechlorinated, producing

tron acceptor. As a result,
less—chl-
orinated metabolites.’”” However, under anaerobic
conditions, dechlorination is very slow, leading
to accumulation of a more toxic metabolite, vinyl
chloride. Under aerobic conditions, TCE can be
oxidized by  broad  specific
monooxygenases and dioxygenases, which are
normally produced to initiate the oxidation of

growth-supporting substrates such as methane,

biologically

ammonia, phenol and toluene.”'¥ Although all
oxygenases have the capacity to oxidize their

primary  substrates, only a  handful of
oxygenases have the capacity to oxidize TCE or
other short-chain, halogenated, aliphatic
hydrocarbons.

Methanotrophic bacteria are aerobic microorg—
anisms and are ubiquitously present in oxic soil
These bacteria
possess unique methane monooxygenase (MMO)

and aquatic environments.

enzyme system which enables them to utilize
methane as a sole carbon and energy source.'?
There are two types of MMO, soluble methane
monooxygenases(sMMO) and particulated(mem-
MMO(PMMO), produced by

some methanotrophs that have the capacity to

brane-associated)

degrade TCE, with sMMO being the major
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Fig. 2. Proposed aerobic degradation
pathways of TCE."”®
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factor."” Additionally, some sMMO can degrade
a wide range of carbon substrates'® which are

environmentally important
17)

economically and
organic compounds.
Wilson and Wilson® were the first to
demonstrate that TCE could be mineralized to
CO; and H2O in methanotrophic soil. Fogel et
al."” reported that TCE was also mineralized to
COy, H20, and ClI' by methane-oxidizing bacteria
in a liquid medium. Arciero et al® reported that
the ammonia-oxidizing bacterium Nitrosomonas
europaea cometabolically degraded TCE in the
presence of ammonia. Ammoniaoxidizing bacteria
oxidize ammonia to nitrite for growth. They
monooxygenases  (AMQ),
that catalyze the
oxidation of ammonia to hydroxylamine.*”

produce ammonia

membrane-bound enzymes,

Ammonia monooxygenases are also capable of
cooxidizing a variety of organic compounds

2D

including methane, methanol,”  ethylene,®

propylene,” benzene and phenol? cyclohexane,®

)

bromocarbons,” and carbon monoxide.™

METHYL BROMIDE

Methyl bromide(MeBr) is presently the most
important fumigant commercially available” At
4°C, MeBr is This chemical is
extensively used for the control of nematodes,
soil-borne fungi, and weeds.® This chemical is
also used as a space fumigant for commodities,

a gas”®

for structural pest control, and for quarantine
and regulatory purposes.”

Despite its beneficial uses in agriculture, use
of MeBr will be suspended in the year 20017 It
is a potent depleter of the stratospheric ozone
layer,” due to its release of bromine atoms into
the atmosphere. Bromide ion is as much as
100-fold more efficient at scavenging ozone than
Cl ion™ It is currently believed that anthrop-

ogenic MeBr sources, such as from agricultural

o 3o 483l x) A16d 35(2001)

Chemical Degradation
1. Hydrolysis
CHyBr+H,0 ————f» CH;OH+H +Br’
2. Methylation

CHyBr+OM ~————» CH;OM+H +Br

Biological Degradation

1. Oxidation °

MMO 1§ . N
CH,Br+ 120 j ————— CH,+H +Br
Validated
2. Hydrolysis

Hydrolase .o
CHyBi+H 30 ————fpe CH,OH+H +Br
Not Velidated

Fig. 3. Proposed degradation pathways of
MeBr in soils.®

soil fumigation, account for about one-third of
the annual flux of 200 x 106 kg, with the rest
derived from natural sources such as the oceans
and the burning of forests.™®

In water, MeBr is chemically hydrolyzed to

methanol, and may exchange with other
halides® In soil, MeBr undergoes both chemical
and biological degradation, which include

' methylation to soil organic

chemical hydrolysis,”
matter® and microbial oxidation.”*

Similar to TCE, MMOs are involved in the
oxidation of MeBr to formaldehyde and a
bromide ion. Some ammonia-oxidizing bacteria
and methane-oxidizing bacteria in the presence
of their primary substrates, ammonia and
methane, have been shown to have the capacity
to oxidize MeBr.™ ™ Ou et al.® reported that the
degradation of MeBr in soil can be stimulated
by increase in the activity of soil nitrifiers
through the application of ammonium fertilizers.
In this case, the major degradation pathway of
MeBr is the MeBr to

formaldehyde(Fig. 3).

oxidation  of

CONCLUSIONS

1. TCE can be sequentially less dechlorinated
to DCE and VC under anaerobic condition,
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resulting in more toxic metabolites than the
parent chemical.

2. TCE can be oxidized to TCE epoxide and
further degraded to inorganic compounds.

3. Sequential anaerobic and aerobic conditions
make the persistent TCE completely degraded
into innocuous inorganic compounds.

4, MeBr can be chemically hydrolyzed to
methanol or methylated to organic matter.

5. MeBr can be biologically hydrolyzed to
methanol or oxidized to formaldehyde.

6. TCE and MeBr
short-chain halogenated hydrocarbon compounds.

have a common

7. Microorganisms capable of utilizing TCE
and MeBr as a sole source of carbon and
energy for growth have not been reported.

8. Degradation of TCE and MeBr can be
enhanced by ammonia oxidizing bacteria and
methane oxidizing bacteria through a cometabolic
process.
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