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Abstract:

The discharge of heavy metals into aquatic
ecosystems has become a matter of concern in India over
the last few decades. These pollutants are introduced into
the aquatic systems significantly as a result of various
industrial operations. Industrialization in India gained a
momentum with initiation of five year developmental plan
in the early 50's. The pollutants of concern include lead,
chromium, mercury, uranium, selenium, zinc, arsenic,
cadmium, gold, silver, copper and nickel. These toxic
materials may be derived from mining operations, refining
ores, sludge disposal, fly ash from incinerators, the
processing of radioactive materials, metal plating, or the
manufacture of electrical equipment, paints, alloys,
batteries, pesticides or preservatives. Heavy metals such
as zinc, lead and chromium have a number of applications
in basic engineering works, paper and pulp industries,
leather tanning, organochemicals, petrochemicals, fertlisers,
etc. Major lead pollution is through automobiles and battery
manufacturers. For zinc and chromium the major application
is in fertliser and leather tanning respectively (Trivedi,
1989). Over the few decades, several methods have been
devised for the treatment and removal of heavy metals.

Introduction:

The commonly used procedures for removing metal
ions from aqueous streams include chemical precipitation,
lime coagulation, ion exchange, reverse osmosis and solvent
extraction (Rich and Cherry, 1987). The proc~ss description
of each method is presented below.

Reverse Osmosis: It is a process in which heavy metals are
separated by a semi-permeable membrane at a pressure
greater than osmotic pressure caused by the dissolved solids
in wastewater. The disadvantage of this method is that it is
expensive.

Electrodialysis: In this process, the ionic components (heavy
metals) are separated through the use of semi-permeable ion-
selective membranes. Application of an electrical potential
between the two electrodes causes a migration of cations and
anions towards respective electrodes. Because of the alternate
spacing of cation and anion permeable membranes, cells of
concentrated and dilute salts are formed. The disadvantage
is the formation of metal hydroxides, which clog the
membrane.

Ultrafiltration: They are pressure driven membrane

operations that use porous membranes for the removal of
heavy metals. The main disadvantage of this process is the
generation of sludge.

Ion-exchange: In this process, metal ions from dilute
solutions are exchanged with ions held by electrostatic forces
on the exchange resin. The disadvantages include: high cost
and partial removal of certain ions.

Chemical Precipitation: Precipitation of metals is achieved
by the addition of coagulants such as alum, lime, iron salts
and other organic polymers. The large amount of sludge
containing toxic compounds produced during the process is
the main disadvantage.

Phytoremediation: Phytoremediation is the use of certain
plants to clean up soil, sediment, and water contaminated
with metals. The disadvantages include that it takes a long
time for removal of metals and the regeneration of the plant
for further biosorption is difficult.

Hence the disadvantages like incomplete metal
removal, high reagent and energy requirements, generation
of toxic sludge or other waste products that require careful
disposal has made it imperative for a cost-effective treatment
method that is capable of removing heavy metals from
aqueous effluents.

The search for new technologies involving the
removal of toxic metals from wastewaters has directed
attention to biosorption, based on metal binding capacities
of various biological materials. Biosorption can be defined
as the ability of biological materials to accumulate heavy
metals from wastewater through metabolically mediated or
physico-chemical pathways of uptake (Fourest and Roux,
1992). Algae, bacteria and fungi and yeasts have proved to
be potential metal biosorbents (Volesky, 1986). The major
advantages of biosorption over conventional treatment
methods include (Kratochvil and Volesky, 1998 a):

Low cost;

High efficiency;

Minimisation of chemical and lor biological sludge;
No additional nutrient requirement;
Regeneration of biosorbent; and

Possibility of metal recovery.

The biosorption process involves a solid phase

(71)




