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Introduction

Chlorinated phenols can be introduced into the environment as a resuilt
of the activities of the wood preservation and pulp and paper industries.
Chlorophenol pesticide formulations have been used for a variety of
applications for over 50 years. As a result of heavy and widespread use,
pentachlorophenol (PCP) is apparently ubiquitous in the environment being
found in soil, water, and human urine (6). High levels of PCP contamin-
ation can sometimes be found at wood preservation facilities and Tumber
storage areas (13). There are several hundred PCP-polluted sites that have
been identified in North America. These can comprise both soil and ground-
water contamination. Currently, about 2000 Tonnes of pentachlorophenci
(PCP) are used per year in Canada. Pentachlorophenol is an effective wood
preserving agent because it is very toxic to microorganisms and survives a
long time in the treated material. Unfortunately, it is this toxicity and
environmental stability which make PCP a problematic pollutant.

The objective of this paper is to review the degradation of

chlorinated phenols, particularly PCP, by microorganisms. Aspects to be

discussed include in situ biodegradation, biodegradation by microbial




isolates, and strategies being investigated to utilize microorganisms for
decontaminating chiorophenol-polluted soil and water. A number of
published reviews will be of value to the reader who wishes to investigate

the literature in more depth (4,6,12,23).

Fate of chlorinated phenols in the environment

Once chlorophenols enter the environment they are subject to
photolysis, sorption to particulates, covalent coupling to large or small
molecules, volatilization, and microbial decomposition (biodegradation).

It is biodegradation which is generally the predominant mechanism for the
breakdown of these compounds. Convincing evidence for biodegradation comes
from experiments where radiolabelled chlorophenols are converted to radio-
labelled CO2. This mineralization does not take place in soils that have
been sterilized indicating that the activity is of biological origin.

The half-T1ife of PCP in aquatic and terrestrial systems can range from
a few hours to many years. Soil type, organic matter content, and moisture
are some of the factors that can influence the rate of degradation in
terrestrial systems (14). It is important to think of environments in
terms of those that are in contact with air (aerobic) and those that are
not (anaerobic). The metabolic properties of microorganisms able to
function under these two conditions are profoundly different and
consequently the reactions, rates, and products of biodegradation are very
sensitive to oxygen. In anerobic sewage sludes and flooded soils heavily

chlorinated phenols are sequentially dechlorinated to less chlorinated

phenols (15,30). On the other hand, when oxygen is available degradation




proceeds through chiorinated quinone intermediates. In both anaerobic and
aerobic environments chlorophenols, including PCP, can be completely
degraded to innocuous products such as carbon dioxide. However, subsidiary
pathways may sometimes result in the transformation of a small amount of a
chlorophenol to an undesirable product. For example, PCP may be methylated
to volatile pentachloanisole. There is some evidence to suggest that
microorganisms present in aquifers may be able to degrade chiorophenols.
Water samples from a shallow aquifer dehalogenated some chlorophenols

(11). Chlorophenol-consuming microorganisms are also present in aquatic
systems. The half-1ife of PCP in a freshwater stream declined in response
to an increase in the PCP-degrading microbial population (20).

If, clearly, there are microorganisms in nature which break down
chlorinated phenols, why are these chemicals a pollution problem? There
are a number of reasons why chlorophenols may not be completely degraded.
Microorganisms with the required degradative ability may not be distributed
uniformiy throughout the environment. Interactions between chlorophenols
and other molecules, for example binding of chlorophenols to soil via a
number of mechanisms, may immobilize them and make them unavailahle for
biodegradation. Extremes in physical or chemical conditions such as
temperature, pH, and moisture content, may slow down or block biological
activity. There may be other pollutants present such as heavy metals,
0ils, or polyaromatic hydrocarbons (PAHs) which are toxic to chlorophenol-
degrading microorganisms. Finally, the concentration of the chlorophenol
may be critical. Highly poliluted materials will be prohibitively toxic.

Very low concentrations may be below the threshold concentration for
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metabolism. In this case reaction kinetics dictate that the rate of

degradation will be very slow.

Degradat1on by 1501ated organ1sms .

To date no organ1sms that metabo]1ze ch1orophen01s anaerob1cal]y have
been 1soTated or descr1bed. However the comp]ete dech10r1nat10n and con-
version of PCP to carbon d1ox1de and methane in anaerobic sludges indicates
that these m1croorgan1sms must exist (15).

A number of aerob1c bacteria and fungi have‘been isolated which
degrade PCP and other chiorinated phenols (9). Bacteria which grow on and

completely degrade PCP include an Arthrobacter_species (7), a

Flavobacterium species (21) and Rhodococcus chiorophenolicus (1). The

fungus Geotrichum candidum excretes a laccase enzyme which converts some

chlorophenols to rea;tjye 1ntermediqte§”which become bogn@_tp\soi]zand im-

mob111zed (22) The white -rot fungus Phanerochaete chrysospor1um )

metabo?1zes PCP posssibly by means of the tigninase enzyme system (17)
Research on PCP-degrading bacteria has recently focused most intens-

ively upon the Flavobacterium and R. chlorophenolicus. These bacteria can

readily be grown and studied in the laboratory. Considerable information
on the biochemistry of chlorophenol degradation is available (3,24). A
variety of chlorophenols are degraded by each of the organisms (2,25).
Various parameters including growth conditions (27) and nutrient
supplements (26) can be manipulated to enhance PCP degradation by the

Flavobacterium. The Flavobacterium can tolerate and degrade PCP

concentrations greater than 100 mg/1. R. chlorophenolicus can tolerate




about 10 mg/1 PCP. It can metabolize a variety of polychlorinated phenols
NnTET e

‘ag'QeI}Aaebchloridated guaicols. It will also methylate these compounds,
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Exp1ojting_biodegradation for environmental remediation

Several approaches to enhance the b1odegradat1on of ch]oropheno]s in

hcontam1nated so11 are currently being investigated. These include the
add1t1on of microorganisms to the soil, composting, and soil washing

fo]]owed by bonog1ca1 treatment of the leachate. Decontamination of
po11uted groundwater has focussed on pump and treat methods.

A‘number of pure cultures have been examined for their ability to

enhance biodegradation when inoculated into polluted soils. Addition of

‘105wPCP-degrading Arthrobacter cells per gram soil reduced the half 1ife of

PCP from 2 weeksrto less than a day (7). Flavobacterium cells added to
5011 or soil siurr1es will degrade PCP concentrat1ons up to the 100 ppm
range w1th1n a few days or weeks (5,28). Residual PCP concentrations will
be in the ppb range._ Parameters which 1nf1uence the degradat1on rate and

shou]d be opt1m1zed 1nc1ude pH, temperature, water content PCP-

L

concentrat1on and how many Flavobacterium ce1!s are added. High
e

concentrat1ons of copper/chromate/arsenate or creosote 1nh1b1t the

e o -

F1avobacter1um._ SalkanJa Salonen and co11eagues were able to
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decontam1nate so11 po]]uted with 5000 ppm PCP by a combination of

compost1ng_and 1nocu3atxon w1th R. chlorophenolicus.
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Add1t1on of PCP acc11mated anerob1c sewage s]udge to so11 enhanced PCP
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_degradat1on (16).




Reactors containing PCP-degrading bacteria can be used to treat
groundwater, soil leachate or process water. The reactor may contain a
biofilm growing on an inert packing (10,19) or celis immobilized in a
matrix such as alginate or poiyurethane (18,29). Contaminated groundwater
is pumped through the reactor where the microorganisms degrade the PCP.
Other contaminants such as PAHs can be degraded or adsorbed (10).
Parameters that can be manipulated to optimize the activity include

temperature, pH, and organic and inorganic nutrients.

Conclusion

Degradation of hazardous materials by microorganisms has been the
subject of considerable research in recent years. Results to date indicate
that biodegradation may be a feasible technology for environmental
remediation. Research to isolate and understand microorganisms with
desirable degradative properties should continue. The continued input of
several scientific and engineering disciplines will be required to design

systems which exploit bicdegradation at the field scaile.
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