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ABSTRACT
In view of high toxicity, environmental mobility, non-biodegradability and stability of heavy metals, their
removal becomes an absolute necessity. It is known that legal standard on environmental control are
becoming strict and as a result the discharge of heavy metal into aquatic bodies is being rigorously
controlled. So it is necessary to remove heavy metals from wastewater before discharge into the water
and onto land. There are several methods used for the removal of heavy metals from waste discharges. In
practice, the choice of one type of treatment versus another depends on several factors, including the
form and concentration of metals in the wastewater, other constituents present, the extent of removal
desired, environmental regulations pertaining to the discharge of the treated wastewater, associated
capital and operating costs and the amount of sludges or residues generated and their disposal costs
(Beszedits and Netzer, 1986). Now a days, chemical precipitation, membrane separation, electrolysis, ion
exchange and adsorption are the widely used methods for the removal of heavy metals from wastewater.
A brief discussion of these methods is given in the followingsections.
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INTRODUCTION
The use of biological materials as biosorbent for heavy metal adsorption and recovery has
received a great deal of attention in the past two decades due to their good performance and low
cost (Volesky, 1994; Kratochvil and Volesky, 1998). The passive sorption and/or complexation
of metal ions by the biomass were termed "biosorption" (Shumate and Strandberg, 1985). The
biosorption process involves a liquid phase (solvent, normally water) containing a dissolved
species to be sorbed (sorbate, metal ions) and a solid phase (sorbent or biosorbent; biological
material) on which it is sorbed. Due to higher affinity of the sorbent for the sorbate species, the
latter is attracted and bound there by different mechanisms. The process continues till
equilibrium is established between the amount of solid-bound sorbate species and its portion
remaining in the solution. The degree of sorbent affinity for the sorbate determines its
distribution between the solid and liquid phases.
The biological materials are capable of removing even trace levels of metal ions. They
can also be used to recover rare, precious or strategic metals from waste solutions. Biosorption is
caused by a number of different mechanisms, depending on the type of particular binding sites
responsible for metal sequestering. The abundant biomass can be obtained inexpensively, as they
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are waste or byproducts of large-scale industrial processes. Hence, biosorption coupled with
desorption may provide an economic and effective alternative for removal and recovery of heavy
metal.
Biosorption processes can compete with other processes for the removal of heavy metals
from wastewaters (Friis and Meyers-Keidi, 1986) especially, when other processes are
ineffective or extremely expensive and the discharge concentrations are required to be very low
(Volesky, 1990).
The major advantages of biosorption over conventional treatment methods include
(Kratochvil and Volesky, 1998a):

Low cost

High efficiency

Minimization of chemical and biological sludge

No additional nutrient requirement

Regeneration of biosorbent

Possibility of metal recovery
Factors affecting biosorption: There are a number of physical and chemical factors which
affect the biosorption of metals.
1.
PH is the most important parameter in the biosorptive process because it affects the
solution chemistry of the metals, the activity of the functional groups in the biomass and
the competition of metallic ions (Friis and Myers-Keith, 1986).
2.
Biomass concentration in solution seems to influence the specific uptake: for lower
values of biomass concentrations there is an increase in the specific uptake (Fourest and
Roux, 1992; Gadd, 1988). Gadd (1988) suggested that an increase in biomass
concentration leads to interference between the binding sites. Fourest and Roux (1992)
invalidated this hypothesis attributing the responsibility of the specific uptake decrease to
metal concentration shortage in solution.
3.
Temperature influences the biosorption performances (Aksu et al, 1992).
4.
Biosorption is mainly used to treat wastewater where more than one type of metal ions is
present; the removal of one metal ion may be influenced by the presence of other metal
ions.
The process of biosorption is the most promising technique. The most widely used
industrial sorbent is activated carbon; however it is an expensive material. Biosorbents prepared
from different types of discarded materials are very convenient material in terms of cost for
heavy metal removal from wastewater. A number of materials have been tested as biosorbent for
heavy metals removal and a number of studies have been reported using biosorbent like: Soya
cake (Daneshwar et al, 2002), Sawdust (Hamadi et al, 2001), Lignocellular substrate (Aoki et al,
1982), Rice husk (Guo et al, 2003), Groundnut husk carbon, Tea leaves, Mango leaves, Coconut
(Choy et al, 1999), Fiber pith, Hazel nut carbon etc.
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Most of the biosorbents explored so far, have not been fully investigated till their fullscale system application and hence it is difficult to assess their reported efficiency at the user
end. Many of the explored biosorbents lack important features like,





User friendliness in terms of easy availability of raw material and their preparation
method, which is important for commercializing the developed process
Universality in terms of removing heavy metals from multiconstituent wastewater
High efficiency in terms of volume treated within the permissible limits
Cost effectiveness

Present investigations were intended to explore the above-defined problems with the
objective of developing of biosorption process with biosorbents having the above-mentioned
features. Natural materials that are available in large quantity or certain waste from agricultural
and forestry practices could be potential low cost biosorbents.

MATERIALS & METHODS
OBJECTIVES OF THE STUDY
In this study Agriculture waste (Rice husk) and timber industry waste (Saw dust) were
selected for the making of adsorbent. Because of their easily availability, low cost, easy
preparation, handing and storage make them suitable low cost biosorbents. The removal of three
metal pollutants commonly encountered in electroplating effluents namely- Chromium, Nickel
and Copper has been investigated.
The objectives of this study were:
1.
Preparation and characterization of biosorbents using rice husk and saw dust.
2.
To explore the adsorption efficiency of different biosorbents under different experimental
conditions including pH, biosorbents dose, initial metal ion concentration, contact time
and temperature in batch mode experiments and in mono, binary and multi-metal
systems.
3.
Application of different isotherms to the generated data.
4.
Desorption studies to explore the reusability of the biosorbents.
5.
Removal of heavy metals from industrial effluent under optimum experimental
conditions.
The experiments were carried out in batch mode to explore the biosorption properties of
selected biosorbents. The various steps performed to achieve the objectives of the present study
are given below:
1.
Collection of raw material and preparation of biosorbents
2.
Characterization of biosorbents
3.
Preparation of glassware and synthetic metals solutions
4.
Biosorption studies
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Collection, characterization and bioremediation of industrial effluent
Application of mathematical equations and models used to generated data

Collection of raw material and preparation of biosorbents
Two biomaterials, namely: Rice husk, an agriculture waste and Saw dust, a timber
industry waste were used for the making the biosorbents. Rice husk and saw dust were procured
from local rice mill and saw mill, respectively located at Kurukshetra (Haryana). These two raw
materials were converted into six different biosorbents as described below:
Preparation of boiled Rice husk (BRH) and boiled Sawdust (BSD)
The collected rice husk and sawdust were dried under sun and impurities were separated
manually. The materials were grinded and sieved through the sieves of 300 micron size. Then
they were boiled with distilled water for 5h to make them free from colored compounds and
filtered. The residual materials so obtained were washed several times with distilled water till the
filtrates were colourless. These materials were dried at 60oC in hot air oven for 24h, and stored in
airtight plastic containers for further use.
Preparation of formaldehyde treated Rice husk (FRH) and formaldehyde treated Sawdust
(FSD)
To immobilize the color and water-soluble substances the ground rice husk and saw dust
were treated with 1% formaldehyde in the ratio of 1:5 (rice husk/saw dust: formaldehyde, w/v) at
room temperature (25±1oC) for 24h. The rice husk and saw dust were filtered, washed with
distilled water to remove free formaldehyde and dried at 60oC in a hot air oven for 24h. The
resulting materials were ground sieved through the sieves of 300 microns size. The materials
were stored in airtight plastic containers for further use.
Preparation of Sulphuric acid treated Rice husk (RHC) and Sulphuric acid treated Sawdust
(SDC)
Dried rice husk and saw dust were washed with deionized water until all leachable
impurities were removed. The samples were then treated with concentrated H2SO4 (50%) in a
ratio of 2:1 (acid volume: weight of rice husk/saw dust) and allowed to get carbonized at 150oC
in hot air oven for 24h and soaked with deionized water until solution pH was stable. Afterwards,
the carbon so obtained was soaked in 2% NaHCO3 (w/v) till any residual acid left was removed.
Finally, the samples were dried in hot air oven at 110oC, cooled, ground and sieved in the size of
300 microns and stored in airtight containers for further use.
Characterization of biosorbents
Various equipments and instruments were used during characterization of biosorbents
and batch experiments. Details are given below:
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RESULTS & DISCUSSIONS
The present study mainly focused on the develop of inexpensive and effective biosorbents
for removing and recovering Cr(VI), Ni(II) and Cu(II).
The optimum pH, biosorbents dose, contact time and temperature for the removal of
Cr(VI) from aqueous solutions were 2.0, 4 g L-1, 120 min and 250C respectively for all the
studied biosorbents at low metal ion concentration. The efficiency of the studied biosorbents for
Cr(VI) removal was in the order
SDC>RHC>FSD>FRH>BSD>BRH
The optimum pH, biosorbents dose, contact time and temperature for the removal of
Ni(II) from aqueous solutions were 6.0, 20 g L-1, 120 min and 250C respectively for all the
studied biosorbents at low metal ion concentration. The efficiency of the studied biosorbents for
Ni(II) removal was in the order
RHC>SDC>FSD>BSD>FRH>BRH
The optimum pH, biosorbents dose, contact time and temperature for the removal of
Cu(II) from aqueous solutions were 5.0, 20 g L-1, 120 min and 250C respectively for all the
studied biosorbents at low metal ion concentration. The efficiency of the studied biosorbents for
Cu(II) removal was in the order
SDC>RHC>FSD>BSD>FRH>BRH
The maximum desorption of Cr(VI), Ni(II) and Cu(II) was recorded for BRH. The
desorption of the studied metal ion from the exhausted biosorbents was in the order
Cu(II)> Cr(VI)>Ni(II)
The presence of other metals had antagonistic effect on the biosorption efficiency of the
biosorbents. Further the metal removal efficiency of each biosorbent was lesser in actual effluent
than aqueous solutions.
The biosorption pattern of all studied biosorbents studied followed the Langmuir,
Freundlich, Dubinin-Radushkevich and Temkin isotherm for biosorption of Cr(VI), Ni(II) and
Cu(II). Kinetics results showed that all studied biosorbents for Cr(VI), Ni(II) and Cu(II) followed
pseudo-second order model with determination coefficient (R2) > 0.98.
Finally it was concluded that RHC and SDC were best biosorbents for the biosorption of
studied metal ions. So rice husk and saw dust biosorbents can be attractive options for the small
scale industries located in countryside. Rice husk and sawdust are readily available in developing
nations, so this data can be used by small scale industries having low concentrations of Cr(VI),
Ni(II) and Cu(II) in wastewater using batch or stirred-tank flow reactors where standard material,
such as activated carbon, is not available.
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