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Bioreactor Systems for the Cometabolic Biodegradation of Trichloroethylene
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Trichloroethylene (TCE) has become a widespread contaminant in air, soil, and underground water due to extensive
industrial uses and improper disposals. Since TCE is a suspected carcinogen and constitutes public health concerns,
many treatment systems have been investigated to remove this hazardous waste. One of the most promising reactor
systems for the treatment of TCE is trickling biofilter (TBF), in which monooxygenase (MO), the corresponding enzyme

for initiating primary substrate oxidation,

fortuitously degrades TCE via cometabolism. TCE, however, is not easily

treated by simple TBF. This is mainly due to the toxicities of TCE and its degradation products to microbial film in
TBF. In this paper, recent progresses on the development of bioreactor system for the treatment of TCE, especially
gas-phase TCE, are reviewed. The potentials of novel biofiim reactor systems were also discussed for the long-term

continuous treatment of TCE.
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Table 1. 9] FAhA VOC EF (ZP4A

A7, BARRF, 2000
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Acetaldehyde
Acrylonitrile

Acertylene
Benzenc
j-Butene, 2-Butene Carbon Temrachloride

1,2-Dichloro Diethylamine

ethane
Ethylene Formaldehyde
Methanol Methyl Ethyl Ketone
Propylene Propylene Oxide
Ffr A

Acetylene dichloride Acrolein

1,3-Butadiene Butane

Chloroform Cyclohexane
Dimethylamine Ethyl Alcohol
n-Hexane Tsopropyl Alcohol

Methylene Chloride Methyl Tertiary Bytyl Ether

1,1,1-Trichloroethane Trichloroethylene

28
T

Table 2, Various microbial cells and enzymes for TCE biodegradation.

Organisms

Enzymes

Burkholderia (Pseudomonas) cepacia G4
Pseudomonas putida F1
Pseudomonas mendocina KR-1
Nitosomonas europaea

Methylosinus mrichospporium OB3b

Toluene 2-monooxygenase
Toluene dioxygenase
Toluene 4-monooxygenase
Ammonia monooxygenase

Soluble methanc monooxygenase
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Figure 1. TCE biodegradation by soluble methane monooxygenase,
toluene 2-monooxygenase and toluene dioxygenase.
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Figure 2. Schematics of three calegories of bioreactor systems for
VOC treatment.
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Figure 3. Schematics of parallel trickling biofilter system for the
continuous degradation of TCE.
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Table 3. Relative advantages and disadvaniages of bioreactor systems for VOC treatment.

Biofilter

Trickling biofilter

Bioscrubber

Advantages

Simple operation

Low investment cosis

Low running costs
Degradation of less
water soluble pollulants
Suitable for reduction
of odorous pollutants

Disadvantages

Low waste-air
volumetric flow rate
Only low pollutant

concentrarion

Channeling of air flow filter bed

is normal Excess biomass
Limited scrvice life not disposable
of filter bed

Excess biomass
not disposable

Simple operation

Low investment costs
Low running costs
Suitable for moderately
coniaminated waste air
Ability to add nutrients

Limited process control
Channeling can be

a problem

Limit service life of

Good process control
possible

Suitable for highly
contaminated waste air
Suitable for process
modelling

High operational stability
Ability to add nutrients

High investment cost
High running costs
Production of excess
biomass disposal of
warer

Possible plugging in
adsorption stage
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Figure 4. Schematics of two-stage CSTR/TBF system for the contimuous
degradation of TCE.
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