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ABSTRACT PCBs are chlorinated aromatic compounds known to have toxic effects on humans and animals. They
are well known mutagens and carcinogens and are known to affect almost all systems of the body. They have
neurotoxic effects especially on infants and children and may have persisting effects in adults as well. The mechanism
of action of neurotoxicity is probably through disruption of Ca2+ homeostasis. PCBs are known to cause hepatocarcinoma
through genotoxicity and through receptor mediated deregulation of apoptosis. They have deleterious effects on the
endocrine system because of their structural similarity with the steroid hormones especially estrogen. They also act
as goitrogens and increase the thyroid stimulating hormone level. Polychlorobiphenyls also down-regulate the
immune system probably through apoptotic pathways.  As they cross placenta neurotoxic, immunomodulatory and
other developmental effects are seen on the new born. Infants are also affected by PCB secreted through breast milk.
PCBs are also found to cause atherosclerosis through oxidative stress and endothelial cell dysfunction. Available
methods of PCB removal through incineration may lead to formation of more toxic dioxin like compounds. Partial
metabolites of PCB are also equally harmful. Complete biodegradation may be the only way to clean up the PCB
contamination which is persistent in the environment even after being banned from USA since 1977. Many bacteria
and fungus which can degrade PCB have been identified. Since the prevalent hypothesis of degradation, first by
dechlorination by anaerobic organisms followed by ring cleavage by aerobic organism has inherent difficulties, a novel
finding of reductive dechlorination by the white rot fungus may help to accelerate PCB biodegradation.

INTRODUCTION

Polychlorobiphenyls (PCBs) are a class of
hazardous compounds which were widely used
in the manufacture for capacitors, transformers,
cooling liquids, hydraulic fluid, lubricants,
pesticides and copy paper because of their
excellent dielectric properties and chemical
stability. The physical and chemical natures of
the PCBs including lipophilicity, heat resistance,
and inertness are the main reasons for all health
problems. Though PCBs were banned from USA
since 1977, our biosphere contains approximately
750,000 tons of released PCBs (http://
b i o . n a g a o k a u t . a c . j p / ~ m i t s u i - l / B p h C /
background.html), known to cause reproductive
(Loch-Caruso 2002), neurological (Schantz et al.
2003), endocrinal (Portigal et al. 2002) and other
defects. These also adversely effect fetal and
infant developments (Winneke et al. 2002). It is

also highly mutagenic and carcinogenic (Faroon
et al. 2001a; Faroon et al. 2001b; Faroon et al.
2001c; Laden et al. 2002). Currently, there are
numerous PCB contaminated sites on the EPA,
USA Superfund Priority List. The 209 congeners
of PCB differ in the position of the chlorine atoms.
The generalized structure of PCB is shown in
Figure 1.

As PCBs are mostly insoluble in water, its
incomplete breakdown by several micro-
organisms like Pseudomonas and Clostridium
in the human body makes it water soluble and
there by helping it getting absorbed which in
turn increases its toxic effects. PCBs can be
degraded by high heat (1200ºC); however, one of
the degraded products (dioxin) is more notorious
than the original PCBs (Amend and Lederman
1992). While aggressive engineering methods, e.g.,
excavation, are suitable for “hot spot” removal,
less expensive containment and treatment
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technologies are required for remediation of
surrounding areas or lower level contaminated
sites.  Bioremediation may provide a safe and
cost effective alternative to current methods for
PCB cleanup. Bacteria have been shown to
degrade PCB compounds directly and co-
metabolically under anaerobic and aerobic
conditions in both laboratory and field
conditions. The first step of all PCB degradation
is the removal of the chlorine atoms by anaerobic
organisms and then is breaking open of the
phenyl ring by the aerobic organisms.
(Commandeur and Parsons 1990; Copley 1997;
Morris et al. 1992). The final degradation product
is CO2 (Freudenberg and Neish 1968).

Toxicity of PCB Neurotoxicity

The neurological effects of polychlorinated
biphenyls (PCBs) have been extensively
investigated in humans and in animals. The main
focus of most of these studies is on the effects in
neonates and young children, although studies
of adults have also been conducted. One of the
most important concern is the low level of PCBs
transferred to the fetus across the placenta may
induce long-lasting neurological damage.
Because PCBs are lipophilic substances, there is
also concern that significant amounts might be
transferred to nursing infants via breast milk.
These studies have provided evidence that PCBs
are important contributors to neurobehavioral
alterations observed in newborn children such
as motor immaturity and hyporeflexia. Some of
these alterations even persist during childhood.
There is preliminary evidence that highly
chlorinated PCB congeners, which accumulate
in certain fish, are associated with neuro-
behavioral alterations seen in some newborn

children. Children born to women who
accidentally consumed rice oil contaminated with
relatively high amounts of PCBs and chlorinated
dibenzofurans (CDFs) during pregnancy also had
neuro-developmental changes (Faroon et al.
2001a). Children exposed to PCBs during fetal
life show IQ deficits, hyperactivity, and attention
deficits, known as autism. (Bowman et al. 1981;
Levin et al. 1988; Rice 1999; Rice and Hayward
1997). Studies in animals support the human data
as neurobehavioral alterations have been also
observed in rats and monkeys following prenatal
and/or postnatal exposure to commercial
Arochlor mixtures (defined experimental congener
mixtures), single PCB congeners, and Great Lakes
(USA) contaminated fish. In addition, postnatal
exposure of monkeys to PCB mixtures similar to
that found in human breast milk showed learning
deficits long after the exposure had ceased. It
appeared that ortho-substituted PCB congeners
are more active than coplanar PCBs in modifying
cognitive processes. Changes in levels of
neurotransmitters in various brain structures such
as decrease in dopamine content in basal ganglia
and prefrontal cortex areas have also been
observed in monkeys, rats, and mice. (Faroon et
al. 2001a).

In primates, ortho-substituted PCB congeners
having a non-coplanar structure decreases
catecholamine levels in certain brain regions and
in rat pheochromocytoma cells (PC12 cells)
(Seegal et al. 1990). Subsequent work implicated
a mechanism involving general disruption of Ca2+

homeostasis and altered activity of protein kinase
C (Kodavanti and Tilson 1997; Tilson and
Kodavanti 1998). Whether non-coplanar PCB’s
target multiple regulatory proteins and cellular
membranes in a non-selective manner (Kodavanti
and Tilson 1997) or through a more selective
receptor mediated mechanism (Inglefield et al.
2002; Schantz et al. 1997) is not known clearly.
Probably, PCBs alter the Ca2+ signaling through
ryanotidine receptors or through inositol 1,4,5-
triphosphate  (IP3) receptors. (Berridge 1998;
Berridge et al. 2000)

Hepatotoxicity

PCBs were found to cause liver cancer in the
mice (Rumsby et al. 1992). It was found that the
environmental pollutants hexachlorobenzene
(HCB) and PCBs produce mutations in the Ha-
ras proto-oncogene at codon 61. Only two

Fig. 1. The numbers represent the different posi-
tions of the chlorine (m+n=10 or less). From the
health hazard point of view, one of the most im-
portant PCB congener is the 2,2’,4,4’,5,5’
hexachloride biphenyl which is primarily used
for research in our lab (De 2003).
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mutations (causing a focus of altered cells and a
trabecular cell carcinoma) from 23 preneoplastic
and neoplastic lesions induced by HCB were
detected. With Aroclor 1254 no mutations were
detected in 28 areas at various stages of
carcinogenesis analysed. Sequencing of the two
mutations generated by HCB showed a C→T
transversion at the first base of codon 61
(carcinoma) and an A→T transversion at the
second base (proliferative focus) (Rumsby et al.
1992). The non-mutagenic chemicals are believed
to mediate their effects by promoting the clonal
outgrowth of initiated cells. Some of these
chemicals, such as dibenzo-p-dioxins and certain
PCBs have been demonstrated to interact with
specific cellular receptors which appear crucial
for their tumorogenic activity. Enzyme-altered
foci in rat liver may serve as a sensitive means to
estimate the promoting activity of these agents
in rodents. These data can perhaps be
extrapolated to the humans (Schwarz et al. 1995).

The exact mechanism of hepatocarcino-
genesis remains controversial. It was found out
that in female rats, and to a much lesser extent in
male rats, there was pronounced iron accumu-
lation in hepatocytes at the 26th-week when
treated with mid- and high-dose of Aroclor-1254
and -1260. At 52 weeks, large accumulations of
iron were also present in Kupffer cells of female
rats, and dose-related increases in proliferating
cell nuclear antigen (PCNA) hepatocyte labeling
indices were found in both male and female rats.
These changes preceded the formation of liver
tumors, which were not generally found until 78
weeks. This study suggested that PCB-induced
iron accumulation in hepatocytes was an early
event that may be related to tumor formation,
especially in female rats (Whysner and Wang
2001). Promotion of altered hepatic foci was
evaluated utilizing glutathione-S-transferase
bioassay for promoters of hepatocarcinogenesis.
GST-P+ foci were quantified by histomor-
phometry and were reported as areas and
numbers of GST-P+ foci within the area of liver
examined (Dean et al. 2002). Glutathione S-
transferase placental (GSTP) positive foci were
present at 52 weeks in high-dose Aroclor-1254
and -1260 female groups, and small foci were
found in some Aroclor 1254-exposed female rats
at 26 weeks, along with centrilobular hepatocytes
expressing GSTP. Consequently, iron
accumulations producing oxidative damage, and
enhanced cell proliferation resulting in tumor

promotion may be components in the mode of
action for PCB-induced hepatocarcinogenesis in
rodents (Whysner and Wang 2001).

Recent studies made progress towards
elucidating the mechanisms of action of these
toxicants from the discovery of receptors that
bind specific classes of xenobiotics. Dioxins and
polychlorinated biphenyls bind to the aryl
hydrocarbon receptor, phenobarbital binds to the
constitutive androstane receptor and peroxisome
proliferators act via the activated receptor alpha.
These three receptors have ligand-dependent
transcription activities and therefore mediate
changes in gene expression in response to
toxicant exposure. The development of transgenic
mouse strains where the genes for these
receptors are disrupted has demonstrated that
receptor activity is essential for the toxicity of
these carcinogens. This implies that changes in
the expression of key target genes control
proliferation and apoptosis in the xenobiotic-
induced hepatocyte phenotype (Oliver and
Roberts 2002).

Endocrine and Reproductive Toxicity

Polychlorinated biphenyls (PCBs) are
considered potential endocrine disruptors due
to their ability to act as estrogens, antiestrogens
and goitrogens. Studies on the effect of PCB on
sperm function and hormonal effects on rats
revealed that testis weights were significantly
increased whereas sperm count, motility, total
motile sperm count, curvilinear velocity, average
path velocity, straight-line velocity, and beat-
cross frequency for motile sperm were signi-
ficantly decreased. There was a significant
increase in thyroid-stimulating hormone level
however; no changes were seen in serum
testosterone, thyroid hormones, or prolactin
concentrations. These results suggest that the
sperm functions may be more susceptible to
endocrine disruption caused by dioxin-like PCB
congeners . Study on two hundred adolescents
in Flanders (Belgium) who had accidental
moderate exposure to polychlorinated aromatic
hydrocarbons (PCAHs), showed that the pubertal
development of boys and girls were delayed. In
one such suburb near two waste incinerators,
fewer boys reached the adult stages of genital
development (62% vs. 92%) and pubic hair
growth (48% vs. 77%). Also, in the same suburb,
fewer girls had reached the adult stage of breast
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development (67% vs. 90%). Left plus right
testicular volume was lower in both polluted areas
than in the control area (42.4 mL vs. 47.3 mL) but
was not related to the current exposure of the
adolescents to PCAHs. Through endocrine
disruption, environmental exposure to PCAHs
may interfere with sexual maturation and in the
long-run adversely affect human reproduction.
(Den Hond et al. 2002)

The effects of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD) on thyroid receptor (TR)-mediated
gene expression in the HeLaTR cells showed that
triiodothyronin (T3) induced the expression of
the reporter gene in a thyroid hormone
responsible element (TRE) dependent manner.
When the cells were cultured in the presence of
T3, the addition of TCDD to the culture media
further enhanced the T3-induced expression of
the reporter gene. RT-PCR revealed that mRNA
levels of 4-1BB, fmfc, PSCA, PSG7, RANTES, and
TRAF1, which were highly increased by T3, were
further elevated in cells exposed to T3 and
TCDD. Also, the mRNA level of BMP6, which
was decreased by T3, further declined in the cells
exposed to both T3 and TCDD. In contrast to the
effect of TCDD, PCB-OH suppressed the
modulation of these gene expressions by T3.
Neither TCDD nor PCB-OH alone affected the
expression of 4-1BB, fmfc, PSCA, PSG7, RANTES,
TRAF1, or BMP6. These results indicate that
TCDD augments the cellular responses to T3 by
hyperactivating TR-mediated gene expression,
whereas PCB-OH suppresses cellular responses
to T3 by negatively regulating it (Yamada-Okabe
et al. 2004).

Developmental Effects

The neurodevelopmental effects of PCB have
already being discussed. Studies in several
species have shown that exposure to PCBs and
their hydroxylated metabolites reduces fecundity
and decreases circulating concentrations of
thyroid hormones, causing serious reproductive
and developmental defects. Thyroid hormones
modulate both follicular development and
steroidogenesis, and affect estrogen metabolism
and the regulation of estrogen receptor. The study
on the effects of PCB mixture (Aroclor 1016) on
follicle maturation in the Long-Evans hooded rat
indicated that Aroclor significantly reduced the
number of preantral follicles <50000µ2 and the
total number of antral follicles in the 50-100000

and >100000 µ2 size classes. T4 circumvented the
Aroclor effect on the number of preantral follicles;
however, a significant reduction in the antral
follicle number persisted. In addition, there was
a significant increase in atresia in the Aroclor-
treated ovaries (Baldridge et al. 2003).

Moreover, study on the long-term exposure
to polychlorinated biphenyls (PCBs) on
developing dental enamel of 8- to 14-year-old
children who were pre- and post-natally exposed
to PCBs in the contaminated region of Bela
Krajina, Slovenia revealed developmental defects
of enamel in permanent teeth. About 71.3% of
exposed children, compared to 49.5% in the
control group have enamel defects, mostly as
demarcated opacities and hypoplasia. No
significant correlations were found between PCB
exposure and developmental defects in deci-
duous teeth (Jan and Vrbic 2000).

Cardiovascular Effects

There is evidence that exposure to certain
PCBs can lead to development of cardiovascular
diseases such as atherosclerosis. Though very
little is known about the mechanisms underlying
this toxicity, endothelial cell dysfunction is a
critical event in the initiation and acceleration of
atherosclerosis. In one study, porcine pulmonary
artery-derived endothelial cells were exposed to
three PCBs (PCB 77, PCB 114 or PCB 153) having
different binding avidities with the aryl
hydrocarbon receptor (AhR) and differences in
their induction of cytochrome P450 for up to 24
hours. PCB 77 and PCB 114 significantly disrupted
the endothelial barrier function in a dose-
dependent manner, by allowing an increase in
albumin transfer across endothelial monolayer.
These PCBs also contributed markedly to cellular
oxidative stress, as measured by 2,7-dichloro-
fluorescin (DCF) fluorescence and lipid hydro-
peroxides, and caused a significant increase in
intracellular calcium levels. Enhanced oxidative
stress and Ca2+ in PCB 77- and PCB 114-treated
cells were accompanied by increased activity and
content of cytochrome P450 1A and by a
decrease in the vitamin E content in the culture
medium. In contrast to the effects of PCB 77 and
PCB 114, cell exposure to PCB 153 had no effect
on cellular oxidation, Ca2+, or endothelial barrier
function. These results suggest that certain
PCBs may play a role in the development of
atherosclerosis by causing endothelial cell
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dysfunction and a decrease in the barrier function
of the vascular endothelium. It is possible that
interaction of PCBs with the Ah- receptor and
activation of the cytochrome P450 1A subfamily
are involved in this pathology (Toborek et al.
1995).

A significant and marked decrease in cell
viability was observed in human microvascular
endothelial cells (HMEC-1) treated with 2,2',4,6,6'-
pentachlorobiphenyl (PCB 104) in a time- and
dose-dependent manner. Exposure of HMEC-1
to PCB 104 also dramatically induced inter-
nucleosomal DNA fragmentation. However, the
caspase inhibitor zVAD-fmk significantly
reversed the PCB 104-induced DNA fragmenta-
tion in HMEC-1, suggesting that endothelial cell
death induced by PCB 104 exposure is, at least in
part, due to caspase-dependent apoptotic
pathways. Several transcription factors, such as
cAMP responsive element-binding protein
(CREB), activator protein-1 (AP-1), nuclear factor-
kappaB (NF-kappaB), and signal transducers and
activators of transcription (STAT1), have been
known to play a pivotal role in the molecular
signaling cascades for the induction of apop-
tosis. A series of electrophoretic mobility shift
assay showed that PCB 104 specifically increased
only CREB DNA-binding activity in a dose-
dependent manner. AP-1, NF-kappaB, and
STAT1, however, were not activated. In addition,
zVAD-fmk significantly and dose-dependently
blocked the CREB activation enhanced by PCB
104 exposure. These results suggest that PCB-
induced death of human microvascular
endothelial cells is mediated, at least in part, via
the caspase-dependent apoptotic pathways and
that the selective activation of CREB is involved
in this process (Lee et al. 2003).

Immunomodulation

PCBs have been found to alter the immune
system in rodents, guinea pigs, rabbits and
chicken as well as non-human primates.
(Tryphonas 1995; Tryphonas et al. 1991). These
studies also indicated that higher chlorinated
forms of PCB mixtures are more immunotoxic than
the lower chlorinated Arochlors. Following
exposure to PCB there is a reduction in the
antibody production (Tryphonas 1995;
Tryphonas et al. 1991) however there are variable
changes in respect to thymus and spleen. There
is reduction of thymus size in rats  and rabbits

(Vos and Beems 1971) but no change in mice
(Silkworth and Loose 1978). Very little data is
available regarding effect of PCB on humans.
Alterations in the immune system have been
observed in the Japanese and Taiwanese
populations accidentally exposed to PCBs
through contaminated rice oil. There was
significant effect on both cellular and humoral
immunity (Lu and Wu 1985; Wu et al. 1984). As
PCB can cross placenta and secreted in mothers
milk severe adverse effect was found on the
newborns (Lan et al. 1990; Yu et al. 1998).
Laboratory experiments exhibited reduction of
antibody forming response to T-dependent
antigen of sheep red blood cells, reduction of
primary activation of T cells by mixed lymphocyte
response, and reduction of lymphocyte
proliferation induced by various mitogens. These
immunosuppressant effects of PCB were related
with the loss of lymphocyte viability which was
determined by the propidium iodide method. DNA
fragmentation detected by the diphenylamine
method and agarose gel electrophoresis proved
the role of apoptosis in the lymphocyte death.
The degree of DNA fragmentation was increased
in a dose- and time-dependent manner in PCB-
treated splenocytes. This proved that probably
apoptosis was attributable to the immunotoxicity
of PCBs in murine splenocytes (Yoo et al. 1997).

Other Toxic Effects

In a population-based cross-sectional study
of the effects of 15 polychlorinated biphenyl
(PCB) congeners and three organochlorine
pesticides in residents of two districts in eastern
Slovakia, one with extensive environmental
contamination from a former PCB production site
(Michalovce) and the other matched on
geography but with low (background) levels
(Svidnik) cancer incidence from 1985 through
1994 was calculated as standardized incidence
ratios (SIRs) and 95% confidence intervals for
each district using indirect standardization and
rates from eastern Slovakia. Among males from
Michalovce (exposed) there was an excess of
cancer of the tongue (SIR=1.46; 1.06-1.96),
stomach (SIR=1.15; 1.00-1.32), lung (SIR=1.14;
1.04-1.24), testis (SIR=1.40; 0.97-1.97), and kidney
(SIR=1.23; 0.98-1.52), and lower than expected
incidence of prostate cancer (SIR=0.83; 0.69-
0.97); in contrast, there was an excess of
peritoneal (SIR=3.05; 1.11-6.63) and laryngeal
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cancer (SIR=1.43; 0.99-1.98) in Svidnik (not
exposed). Among females from Michalovce there
was an excess of cancer of the lip (SIR=2.54; 1.53-
3.96), stomach (SIR=1.22; 1.02-1.44), and lung
(SIR=1.17; 0.94-1.45); in contrast, there was an
excess of kidney (SIR=1.61; 1.03-2.40) and thyroid
(SIR=1.97; 1.12-3.20) cancer in Svidnik. Taken
together, these results raise the possibility that
high environmental exposure to organochlorines
in the Michalovce district may be associated with
higher rates of certain cancers, particularly
stomach and lung cancer (Pavuk et al. 2004). Also
bladder cancer is reported due to exposure to
PAH (Boffetta et al. 1997).

Bioremediation

Even though PCBs were banned in USA in
1977, but they still persist in the environment
and many PCB contaminated sites have been
identified (www.epa.gov). The cost of removing
these PCBs by incineration or by ionizing
radiation (Schmelling et al. 1998) is tremendous.
During incineration PCBs generates other
notorious products such as dioxin which is
deadlier than the parent PCB molecule. Therefore,
this is not a feasible technique. As a consortium
of several bacteria like Pseudomonas,
Clostridium, Nocardia or fungus like
Phanerochaete chrysosporium can degrade PCB,
in-situ bioremediation has been proposed as a
relatively low cost and ecologically friendly
procedure and it appears that microbial
degradation can be an important endpoint for
PCBs. The rate PCB degradation depends on
microbe type, nutrients like salts, type of PCB
including the chlorination and position of the
chlorine atoms on the biphenyl ring. The final
degradation product is CO2 (Freudenberg and
Neish 1968).

It seems that bioremediation needs two steps
– dechlorination, which is usually mediated by
anaerobic microorganism (Fig. 2) (Berkaw et al.
1996) followed by oxidative ring cleavage by
aerobic organisms (Fig. 3) (Commandeur and
Parsons 1990; Copley 1997; Morris et al. 1992).
Our earth curst contains mainly aerobic
organisms; dechlorination mediated by anaerobes
is therefore the rate limiting step for PCB
degradation.

It is well documented that the white-rot fungus
(Phanerochaete chrysosporium) can degrade
PCB in both lignolytic and non-lignolytic
conditions (Dutta et al. 1998; Jackson et al. 1999).
It has also been shown that the manganese
peroxide enzyme activity increases with the
addition of manganese (Brown et al. 1991; Brown
et al. 1990). Though the best method to study
PCB degradation is by using GC/Mass
Spectroscopy (Dutta et al. 1998; Juan et al. 1999),
the PCB breakdown products can also be studied
by nuclear magnetic resonance (NMR) or by
infra-red spectroscopy (IR-spectroscopy)
(Pellizzari et al. 1985; Umana et al. 1985) where
the different functional groups formed during the
PCB degradation can be identified. High Pressure
Liquid chromatography (HPLC) has been used
for a long time to see the breakdown of PCBs

Fig. 2. This figure shows the dechlorination path-
way of PCB by anaerobic organisms. These organ-
isms replace the chlorine molecules with hydro-
gen atoms (reduction reaction). As the exact
mechanism is not known, the enzymes respon-
sible for this dechlorination are not shown in this
figure. The final product is still a biphenyl com-
pound. Removal of chlorine atoms leads to in-
creased water solubility and the rate of absorp-
tion thereby probably increasing the toxic effects.
The end products act as substrate for further me-
tabolism by aerobic organisms. (Berkaw et al. 1996)

Para
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Fig. 3. This shows the degradation pathway of PCB by aerobic organisms. HOPDA stands for 2-hydroxy-
6-oxo-6-phenylhexa-2,4-dienoic acid. BphA has four subunits A1, A2, A3 and A4 and converts bi[phenyl
to dihydrodiol with addition of wo oxygen atoms (Fukuda et al. 1994). HOPDA is formed by meta
cleavage of 2,3-dihydroxy biphenyl (Kimbara et al. 1989). BphD converts HOPDA inot two molecules:
benzoic acid and 2-hydroxypenta-2,4-dienoate (Kimbara et al. 1989). Acetyl CoA is then used in Krbs
cycle and CO2 is produced (Freudenberg and Neish 1968). [Modified from (Ohtsubo et al. 2000) with
addition of different enzymes.]

Degradation pathway of PCB by aerobic organisms

(Tayal et al. 1999). Recent HPLC and
spectrophotometric studies in our lab showed
that microbes can dechlorinate PCBs even in the
presence of oxygen provided the nitrate
reductase enzyme is induced (De 2003). This
hypothesis is tested using white-rot fungi (De
2003) and further confirmed in vitro using pure
nitrate reductase enzyme (unpublished).

Reductive Dechlorination

Nitrate reductase enzymes are responsible for
reducing the nitrate groups to ammonia.  Earlier
studies have shown that Phanerochaete
chrysosporium can reduce nitrates and thereby
breaks down nitrogenous toxic chemicals like 2,4
DNT (Jackson et al. 1999). Nitrate reductase was
also found to play an important role in the PCB

degradation, as PCBs are first degraded by
reductive dechlorination. The ring cleavage
probably occurs through production of non-
specific peroxides by the white rot fungus. The
importance of nitrate reductase enzyme on
dechlorination has been also documented by
several authors (Kuritz et al. 1997; Reddy et al.
1998; Song et al. 2000). We have also shown using
HPLC that addition of molybdenum which acts
as cofactor for nitrate reductase increases PCB
breakdown whereas tungsten which inhibits this
enzyme decreases its breakdown (Fig. 4) (De
2003).

CONCLUSION

In conclusion we can say that PCB
degradation can be accelerated even in the
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aerobic condition simply by inducing the nitrate
reductase enzyme. In future these methods can
probably be used for bioremediation of the
contaminated sites, thereby preventing the
exposure of human and animals to its toxic effects.
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