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Abstract
Water pollution through industrial discharges, which is mainly in the form of effluent or wastewater, is one of the big-

gest problems. These effluents have strong concentrations of chemical oxygen demand (COD), phenol and its derivatives 
and often contain metals, inorganic nutrients, organic compounds, proteins, cyanides, chlorinated lignin and dyes. Bio-
remediation of toxic industrial effluents by microorganisms serves as an effective method to substitute the conventional 
recovery and removal processes. Fungal biomasses have huge capability of treating effluents discharged from various 
industries. White rot fungi are ubiquitous in nature and their adaptability to extreme conditions makes them good biode-
graders. Their enzyme producing activity makes them effective decolorizers; they remove toxic metals by biosorbtion 
ultimately rendering the effluents more ecofriendly. [Life Science Journal. 2007; 4(2): 78 – 81] (ISSN: 1097 – 8135).
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Pollution has been defined in various ways. It is consid-
ered as the release of unwanted substances to the environ-
ment by man in quantities that damage either the health or 
the resources itself. Water pollution involves the release 
of small amounts of substances directly through point 
sources or indirectly through non point sources. Industrial 
effluents from various industries like textile, dyestuffs, 
paper and pulp, distillery, olive oil mill and metal indus-
tries etc. are the major contributors to water pollution as 
they create more subtle effects on behavior, reproduction 
or even survival of biotic communities.

The physical and chemical methods of industrial efflu-
ent treatment processes remove organic pollutants at low 
level; they are highly selective to the range of pollutants 
removed and prohibitively expensive. Control of pollu-
tion is one of the prime concerns of society today with 
economic constraints on pollution control processes, af-
fordable and effective methods have become a necessity. 
Untreated or partially treated wastewaters and industrial 
effluent discharges into natural ecosystems pose a serious 
problem to the ecosystem and the life forms. Microbial 

treatment systems have advantage of being simple in de-
sign and low in cost (Banat et al, 1996).

Fungi, their biology, economic value and pathogenic 
capabilities are not new to human society. They have been 
used from fermentation of foods to production of pharma-
ceuticals. Fungi thrive well in inhospitable habitats with 
environmental extremes because of their enzyme system 
(Cooke, 1979). Fungi are involved in the biodegradation 
of undesirable materials or compounds and convert them 
into harmless, tolerable or useful products. Many organ-
isms are involved in the biodegradation of organic waste, 
which has resulted in the production of novel substances 
of biotechnological importance.

Fungi are recognized for their superior aptitudes to 
produce a large variety of extracellular proteins, organic 
acids and other metabolites, and for their capacities to 
adapt to severe environmental constraints (Lilly and Bar-
nett, 1951; Cochrane, 1958). Fungal systems appear to be 
most appropriate in the treatment of colored and metallic 
effluents (Ezeronye and Okerentugba, 1999).

Fungi not only produce various metabolites like citric 
acid, homogeneous proteins, heterogeneous proteins, per-
oxidases but have shown their effectiveness for removal, 
reduction and detoxification of industrial effluents ingre-*Corresponding author. Email: nutangupta100@rediffmail.com
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dients. Therefore in this review paper an attempt has been 
made to bring out the capabilities of fungi for bioremedia-
tion of industrial effluents. Bioremediation refers to the 
productive use of microorganisms to remove or detoxify 
pollutants, usually as contaminants of soil, water or sedi-
ments that otherwise threaten public health. Microorgan-
isms have been used to remove organic matter and toxic 
chemicals from domestic and industrial waste discharged 
for many years (Gupta and Mukerji, 2001).

Fungi especially the white-rot fungi produce enzymes 
laccase, Mn peroxidase and lignin peroxidase (LiP), 
which are involved in degradation of lignin in their natu-
ral lignocellulosic substrates. This ligninolytic system of 
white rot fungi is directly involved in the degradation of 
various xenobiotic compounds and dyes. The ability of 
the white rot fungi to degrade dye can be directly corre-
lated with its ability to degrade lignin; the dye molecules 
are degraded along with lignin. Use of white rot fungi is 
the most unique technology of bioremediation as their 
ability to degrade structurally diverse xenobiotic organo 
pollutants is more (Christian et al, 2005).

Industries of olive oil, distillery (molasses), cotton 
bleaching, pulp and paper processing produce billion li-
ters of colored, often toxic and harmful effluents all over 
the world. These effluents have strong concentrations of 
Chemical Oxygen Demand (COD), phenol and its deriva-
tives and often contain proteins, cyanides, chlorinated lig-
nin compounds and dyes (Borja et al, 1992; Nieto et al, 
1992; Bengtsson and Triet, 1994; Yesilada et al, 1998; 
Kahmark and Unwin, 1999).

High levels of lignin peroxidase have been correlated 
with high decolorization efficiency of olive mill effluents 
(Sayadi and Ellouz, 1995). Distillery wastewater causes 
many environmental problems and colored substances 
must be removed from it before discharge into the envi-
ronment. Locally isolated Aspergillus fumigatus has been 
found to be effective for decolorization of anaerobically 
treated distillery wastewater (Mohammad et al, 2006). 
Benito et al (1997) studied the decolourization of molas-
ses wastewater using Trametes versicolor. Dhamankar 
(2000) described the possibility of using dead yeast cells 
for decolourization of distillery effluents as dry yeast pow-
der decolourized the effluents of biomethanation plant by 
more than 70%.

 Eaton et al, (1980) used Phanerochaete chyrosporium 
and found it effective for color removal through microbial 
degradation of polymeric lignin molecules from pulp and 
paper industrial effluents.

The large amount of lignin derivatives in these efflu-

ents is responsible for their dark-brown colour (Calvo et 
al, 1995). The influence of Ceriporiopsis subvermispora, 
P. chyrosporium, Trametes versicolor, Rhizopus oryzae 
and Rhizomucor pusillus has been observed on paper and 
pulp effluents (Manzanares et al, 1995; van Driessel and 
Christov, 2002; Nagarathnamma and Bajpai, 1999; Naga-
rathnamma et al, 1999). Trametes versicolor is one of the 
white rot fungi known to decolourize kraft mill effluents 
from sulphate pulping (Livernoche et al, 1983). Another 
white rot fungus Phanerochaete chyrosporium produces 
isoenzymes, including lignin peroxidases and Mn-depen-
dent peroxidases that are capable of degrading not only 
lignin, but also chlorinated lignins found in pulp bleach-
ing effluents (Kirk et al, 1986; Lankinen et al, 1990).

The effluents of pharmaceutical industries, dyeing, 
printing, photographs, textile and cosmetic contain dyes 
(McMullan et al, 2001). Effluents from textile industries 
are a complex mixture of many polluting substances such 
as organochlorine-based pestcides, heavy metals, pig-
ments and dyes, among the various types of organics pres-
ent color is the most difficult to remove, color indicates an 
increased Biological Oxygen Demand (BOD) and COD. 
Azo dyes are used extensively in the textile and dyestuff 
industries, these dyes have a complex structure some of 
them are carcinogenic and mutagenic. Phanerochaete 
chyrosporium a major wood rotting fungus is capable 
enough to degrade a wide range of recalcitrant xenobiotic 
compound, including azo dyes (Aust 1990; Cripps et al 
1990).

Phanerochaete chyrosporium degrades a wide vari-
ety of structurally diverse organopollutants (Bumpus et 
al, 1985) through its non-specific H2O2 dependent extra-
cellular lignin degradation enzyme system (Cripps et al, 
1990).  Abadulla et al, (2000) have assessed the poten-
tial of Trametes hirsuta  and a laccase from this organism 
to continuously degrade textile dyes and found that both 
water consumption and effluent toxicity in textile dyeing 
could be reduced by enzyme remediation with laccases.

 Vyas et al (1995) have shown good results of Pleu-
rotus ostreatus through its enzymatic activity to decolor-
ize Remazol Brilliant Blue R dye. Mohorcic et al (2004) 
found Bjerkandera adusta to decolorize synthetic textile 
dye Reactive Black 5 from blue black to a yellow color.

The carpet dye effluent did not support the growth of 
Trametes versicolor but then too the fungus was found to 
be effective in decolorizing it (Ramsay and Goode, 2004). 
Dead biomass of Aspergillus niger has been found to be 
an effective biosorbent of dyes methyl violet and basic 
fuchsin (Bhole et al, 2004). 
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The tremendous increase in the use of heavy metals re-
sults in increased flux of metallic substances in aquatic 
environment. Heavy metals beyond permissible limits 
cause direct toxicity to all living beings. Metallic efflu-
ents can have ecological impacts on water bodies leading 
to increased nutrient load especially if they are essential 
metals. These metals in effluents may increase fertility of 
the sediment and water column and lead to eutrophica-
tion, which leads to oxygen deficiency, algal bloom and 
death of aquatic life. 

Heavy metals in water bodies cause several health 
problems. Heavy metals such as mercury, cadmium and 
chromium can accumulate, and they enter the food chain 
and biomagnifies to toxic levels. Several fungal species 
have developed a high resistance to heavy metals and de-
veloped a variety of mechanisms to remove ions, such as 
to cell surfaces. Akthar and Mohan (1995) used biomass 
of Aspergillus niger to remove Zn2+ and Cd2+ as the low af-
finity of the resident Ca2+ and Mg2+ ions of the biosorbent 
makes them excellent counter ions for the heavy metals 
that form more stable complexes. Massaccesi et al (2002) 
have used filamentous soil fungi like Aspergillus terreus, 
Cadosporium cladosporioides, Fusarium oxysporum, Glio-
cladium roseum, Penicillium spp. and Trichoderma konin-
gii isolated from industrially polluted sediments for the 
removal of Cadmium. The fungus Penicillium frequentans 
has been found to effectively remove phenanthrene in soil 
(Amezcua-Allieri et al, 2005).

Thus, more technically advanced research efforts are 
required for searching, exploiting new fungal species and 
improvement of practical application to propagate the use 
of fungi for bioremediation of industrial effluents.
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