Removal of nickel from wastewater using an agricultural adsorbent
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Abstract
Chemical wastewater streams may contain toxic compounds which are non-biodegradable, and therefore require advanced
treatment techniques such as adsorption. However, application of adsorption processes is often limited by the cost of adsorbents. In this study, the adsorption capacity of a low-cost adsorbent (pine sawdust) was investigated by treating wastewater
containing nickel (II) and other heavy metal ions. Results were analysed using response surface methodology and a factorial
design was employed to determine the interactive effects of the various factors on the adsorption capacity. Furthermore,
Langmuir and Freundlich adsorption isotherms were fitted to experimental data to characterise the adsorption of the nickel
ions by the pine sawdust. As a result, the highest adsorption capacity was attained at the combined effect of low adsorbent
dose, high pH and high initial concentration. On the other hand, the Freundlich isotherm fitted the experimental data better
than the Langmuir isotherm. Results of this study indicate that the use of pine sawdust could be a promising solution to the
elimination of nickel ions from multi-component aqueous solutions.
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Introduction
A vast number of raw materials for industrial processes originate from agricultural activities, which result in the production of chemical and solid wastes. The chemical wastes arise
from the use of pesticides, dyes and fertilisers while the solid
wastes include bagasse, sawdust, rice husk, peanut shell and
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coffee husk, among others. Interestingly, the agricultural solid
wastes can be converted to adsorption media and used to treat
the chemical wastes; a concept of using waste to treat waste.
By this concept, the cost of adsorption material for wastewater
treatment, which is a major constraint in wastewater management, is generally reduced. Due to environmental concerns and
the demand for high-quality water, there has been an increase
in regulations controlling the discharge of heavy metals and
non-biodegradable toxic compounds into water bodies. This
has resulted in developing toxic waste removal techniques
such that only minute quantities remain in the wastewater
discharged into water bodies. Secondary wastewater treatment
is not completely adequate in removing toxic material and thus
advanced methods have become necessary. Secondary methods
are employed in conjunction with advanced methods to separate the recalcitrant organic compounds and non-biodegradable
inorganic compounds (Singh et al., 2007). Advanced methods
of removing toxic compounds from wastewater include membrane separation (Mavrov et al., 2006), ion exchange (Cavaco
et al., 2007), lime precipitation (Zhang et al., 2007), neutralisation, metal hydroxide precipitation (Ayyappan et al., 2003),
electrolytic methods (Kurt et al., 2007) and adsorption (Dean
et al., 1972). However, these processes are costly (Dae and
Young, 2005); in particular, the use of activated carbon and ion
exchange resins is not suitable for developing countries due to
their high capital and operational costs (Raji and Anirudhan,
1997).
Adsorption has gained a relatively wide application due to
the fact that there are several types of adsorbents that are commonly used, which includes clay, activated carbon, zeolite and
silica gel and the agricultural adsorbents such as coffee husk
(Kumar, 2006), peanut shells (Wafwoyo et al., 1999), bagasse
(Azhar et al., 2005), rice husk (Kumar and Bandyopadhyay,
2006) and sawdust (Argun et al., 2007). Thus, by using natural, abundant, cheap agricultural wastes (Taty-Costodes et al.,
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