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Biosorption, biosorbent, Heavy metals released into aquatic environment due to various
industrial operations, fly ash from incinerator, metal plating,
leather tanning, petrochemical and fertilizers, etc. The discharge of
algae, etc industrial waste water in aquatic environment, if it contains heavy
metals it leads to pollution. The conventional treatment methods
are commonly used for removal of metal ions from aqueous
B. Shoba streams. This treatment includes chemical precipitation, ion
exchange, reverse osmosis, membrane filtration, and activated
carbon adsorption. The conventional technologies are often
Engineering, Sri Ramakrishna ineffective and expensive, particularly for the removal of heavy
metal ions at low concentrations as below 50 mg/l. These treatment
methods are based on physical displacement or chemical
Coimbatore -641010 replacement, it is generating large volume of toxic sludge, and the
disposal of sludge waste is another problem. For more than a
decade, researchers have been looking for alternative treatment for
shobadiwakar@gmail.com conventional methods. Biosorption can be promising alternative to
treat industrial waste water in removing heavy metals. This review
article provides a selective overview of the past achievements and
present scenario in the biosorption studies.
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INTRODUCTION

Due to industrialization, it leads the increased emission of pollutants in to aquatic ecosystem. The
presence of toxic metals in waste water has accumulated in human being has several health hazards
such as growth and developmental abnormalities, carcinogenesis, mental retardation, etc. Some
important heavy metal pollutants are lead, cadmium, chromium, mercury, zinc and arsenic.

In industrial effluents, the presence of heavy meals leads to chronic poisoning in aquatic animals
(Ellis, 1989). Small quantities of some metals are essential for life at low concentration but it is
very toxic at high concentrations (Badaret al. 2000).The high concentration of heavy metals can
damage the cell membranes, alter enzymes specificity, disrupt cellular functions and damage the
structure of the DNA. The presences of heavy metals in waste water are not biodegradable and
they tend to be accumulated in organisms and cause numerous diseases and disorders (Ozer and
Pirincci, 2006). Using conventional methods, for heavy metal removal it generating large volume
of toxic sludge and difficult to treat. In recent years using biotechnical concept in removing heavy
metals is one of the effective techniques.

Algal biomass has been found to possess the potential removal of heavy metal from waste water.
The advantage of using biosorption are low cost, high efficiency, minimization of chemical or
biological sludge, possibility of metal recovery, regeneration of biosorbent and no additional
nutrient requirement(Kratochvil and volesky, 1998). It is proven that the uses of marine macro
green algae as excellent biosorbents; it is very effective in removal of metal ions from
contaminated solution. The cost of biosorption is low and it is eco friendly (NirmalKumaret al,
2009). The aim of the paper is to study the biosorption process.

Biosorption:

Biosorption is the term that usually describes as the removal of heavy metals by the passive
binding to non-living biomass from an aqueous solution (Davis et al., 2003). In the past research
shown that using biosorbents have both living and dead microbial cells are able to uptake the
metal ions. The living cells used as a sorbent in the heavy metal removal is toxic to the particular
heavy metal, resulting in the death of cells. Living cells required additional nutrient for their
growth, for these reasons dead cells are used as sorbent for heavy metal removal. Dead cells are
not affected by heavy metals and also it does not required any nutrients, it may cheaper for this
reasons dead cells are used as biosorption in heavy metal removal (Mofa A.S,1995). The dead

biomass can be easily regenerated. The process involves a solid phase (sorbent or biosorbent:
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biological material) and a liquid phase (solvent: normally water) containing a dissolved species
to be sorbed (sorbate, metal ions). Metals are taken up by algae through adsorption. At first, the
metal ions are adsorbed over the cell surface very quickly just in a few seconds or minutes; this
process is called physical adsorption. Then, these ions are transported slowly into the cytoplasm
in a process called chemisorptions. Biosorption include some agricultural waste(such as bagasse,
cassava waste, coconut shell and fiber, coir pith, oil palm waste, olive waste, orange waste,
peanut waste, rice husk, saw dust, sugar beet pulp, Tea factory waste, waste from tree nuts,
Bengal gram husk and miscellaneous materials) fungi, bacteria, algae and yeast.

MATERIALS AND METHODS

Biosorption Preparation:

It is the process in which it utilizes inexpensive dead biomass to isolate the toxic heavy metals.
Biosorbents are particularly feasible to use for removal of these contaminants from industrial
effluents. Biosorbents are prepared from the naturally abundant and waste biomass of algae,
fungi, or bacteria which is inactivated and usually pretreated by washing with acids or bases
before final drying and granulation (Brierley, 1990; Brierleyet al., 1988; Fourest and Roux,
1994; Kratochvilet al., 1997). Simple cutting and grinding of the dry biomass may vyield stable
biosorbent particles (Brierley, 1990; Fourest and Roux, 1994; Kratochvil and Volesky, 1997;
Kratochvilet al., 1997; Votapeket al., 1978), Algae possesses the ability to take up toxic heavy
metals from the environment, resulting in higher concentrations than those in the surrounding
water (Megharajaet al., 2003; Shamsuddohaet al., 2006).The preparation of biosorption
procedure is given in figl. This paper reviews the use of algae as biosorbents.

Biosorbent material: Algae as biosorbent

Achievements over the past study:

Apiratikul,R., et al, (2004) studied the biosorption of a mixture of two heavy metals solution
such as Cu-Cd, Cu-Pb, Cu-Zn, Cd-Cu, Cd-Pb, Cd-Zn, Pb-Cu, Pb-Cd, Pb-Zn ,Zn-Cu, Zn-Cd, and
Zn-Pb. The combination of two heavy metal solutions is mixed with dried Caulerpalentillifera.
The mixture solution was then prepared with a primary heavy metal concentration varied from
10, 25, and 50 mg/l and the secondary heavy metal concentration fixed at 50 mg/l. To convert to
molar concentration, the mass concentration was divided by the atomic weight of each metal
species and the atomic weights of Cu, Cd, Pb, and Zn were 63.54, 112.4, 207.19, and 65.37

g/mol, respectively. The concentration of metal species was converted from mass concentration
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into molar units. In the above mentioned four heavy metals the biomass removal was low in Cd.
The other three metals such as Cu, Pb and Zn the concentration lower than 1 mmol/I the removal
efficiency were in the range of 90-95%. The concentrations higher than 1 mmol/l the removal
efficiency were in the range of 75-90%. The adsorption of binary mixture of heavy metals
solution onto the surface of the algae was found to be the adsorption capacity for any single
metal decreased by 10-40%. The total adsorption capacity of the algae was found to decrease by
30-50% when there was more than one heavy metal in the solution. The total adsorption capacity
for the heavy metals seemed to be lower in the binary mixture cases than the single component

system.
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Fig 1.Schematic diagram of biosorption procedure
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NarsiR..Bishnoi, et, al., (2004) conductbiosorption experiment using spirogyra species for
copper removals were carried out. The studies influence the optimization of the biosorption of
Cu (ID. In this study they examined the various factors such as pH (1 to 10), initial metal ion
concentration (1 ppm to 10ppm), different contact period (30 to 180 mins), and
differenttemperatures (25 °C to 50 °C) and varying quantities (such as 0.5, 1, 1.5, 2g) etc., with
the above specified parameters with their influence to the metal ion concentration. They
observed that the spirogyra species possessed better specific capacities for Cu (1) removal of
34.94mg/g of biomass. Spirogyra species has shown much better metal uptake capacity with pH
(6 to 7) and contact time 30 minutes. From the above results it is clear that the metal uptake
capacity is based on the pH and contact time.

Nirmal Kumar J.I, et al,(2009) used five green marine macro algae namely; 1. Cladophora
fasicularis, 2.Ulvalactuca, 3.Chaetomorphasp, 4.Caulerpasertularioides and 5.Valoniopsis
pachynema. The metal uptake capacities for Cd, Hg and Pb at various initial concentrations, 20,
40, 60 and 80 mg/ L and variable contact period of 60 and 120 minutes. The algae showed the
highest metal removal efficiency of contact period at 120minutes. Cd reduction was found to be
the highest at 20 mg/ L for all the marine algae except Caulerpasertularioides. The amount of Hg
reduction was found to be at 20 mg/ L for Cladophorafascicularis, Ulvalactuca and
Valoniopsispachynema.  In Chaetomorphasp Hg reduction was found to be 40 mg/ L and
CaulerpasertularioidesHg reduction was exhibited the maximum reduction of 60 mg/ L. The
highest Pb reduction was observed at 20 mg/ L for all the algae green marine macro algae except
ValoniopsispachynemaPb reduction was achieved at 40 mg /L. out of five marine green algae the
highest metal adsorption ability of Cd, and Pb inChaetomorphasp.Hg reduction was high in
Caulerpasertularioides. The biosorbent prepared from Chlorella species a fresh water alga used
in batch study, from that results they concluded that the optimum contact time was 100 minutes
at which 90% lead removal was obtained. The removal efficiency of leadis decreases as the
initial lead ion concentration of the solution increases. Kanchana S, et al, (2011).

Nirmal Kumar J.1, et al, (2012) Using freshwater algae Spirogyra hyalina. The dried biomass of
Spirogyra hyaline was used as biosorbent. The result showed that the highest amount of
cadmium (Cd), mercury (Hg), and Arsenic (As) was adsorbed when the initial heavy metal

concentration was 40 mg/l. whereas Lead (Pb), and cobalt (Co) has greatest removal of 80 mg/I.
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CONCLUSION

The past research work results shown that the various algae’s are used for the removal of heavy

metal pollutants such as lead, cadmium, chromium, mercury, zinc and arsenic. The use of algae

asan efficient biosorbent material can be considered an eco friendly and cost-effective approach

for heavy metal removal. These algal species may be used for treatment of industrial waste

water. From the past results the single metal adsorbent solutions seems to be more effective than

combination of metals.
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