Zinc abatement from simulated and industrial
wastewaters using sugarcane biomass
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Abstract
The use of heavy metals and their compounds in industrial applications has resulted in their occurrence in various environmental media including water bodies. Conventional methods of heavy metal removal from wastewaters are very expensive,
when available, especially in developing countries. This study therefore assessed the potential of sugarcane biomass to
remove zinc from standard solutions and industrial (paint and textile) wastewaters. Parameters studied include contact
time, biomass weight, metal concentration, pH, agitation, temperature and particle size. Physico-chemical characteristics of
biomass were also studied. Adsorption of zinc increased with increases in contact time, biomass weight, pH and agitation
speed, while adsorption decreased with increasing particle size and for temperatures above 50oC. Sugarcane biomass was
responsible for over 90% adsorption of Zn 2+ in both effluents. Under conditions of agitation, 100% adsorption was achieved.
Percentage ash, particle density, cation exchange capacity (CEC) and porosity are important physico-chemical properties
which influenced Zn 2+ adsorption. Percentage ash and CEC are positively correlated to percentage adsorption while particle
density and porosity are negatively correlated. Percentage desorption was over 90 for both effluents. Sugarcane biomass is
therefore a potential alternative to expensive synthetic resins. Its biodegradability makes disposal environmentally friendly.
However, there is the need to further study the biomass in flow-through systems for industrial applicability.
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Introduction
The presence of heavy metals in the environment is a potential
problem to soil and water quality due to their high toxicity to
plants, animals and human life (Fonseca et al., 2006). Heavy
metals have been reported to be carcinogenic (Krishnani et al.,
2008); apart from being hazardous to living organisms when
specific limits are exceeded, they also have accumulating tendencies, unlike organic pollutants that can be degraded chemically or biodegraded (Cossich et al., 2002; Veli and Alyuz,
2007; Fonseca et al., 2006).
The increased use of these metals in the process industries
has resulted in the generation of large quantities of aqueous
effluents that contain high levels of heavy metals (Antunes et
al., 2003). The main industrial sources of heavy metals in water
resources include electroplating, chemical, metal-finishing
and wood preservatives (Aziz et al., 2008; Peric et al., 2004).
Recently, water and wastewater contamination by toxic metals has become a global environmental concern (AhmadyAsbchin et al., 2008) because of consequent interference with
many beneficial uses of water (Aziz et al., 2008). This has led
to the enactment of laws worldwide setting discharge limits
of these metals from industrial effluents (Ulmanu et al., 2003;
Krishnani et al., 2008).
Conventional methods for heavy metal removal from
waters include electrodialysis, chemical precipitation, ultrafiltration, reverse osmosis, etc. (Ahmady-Asbchin et al., 2008;
Stirk and Staden, 2000; Peric et al., 2004). The removal of toxic
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metals from water is a difficult task due to low availability
and high cost of conventional treatment methods (Horsfall and
Spiff, 2004; Krishnani et al., 2008), especially in developing
countries.
Since most conventional methods are neither effective nor
economical, especially when used for the reduction of heavy
metal ions to low concentrations, new separation methods
are required to reduce heavy metal concentrations to environmentally acceptable levels at affordable cost. Biosorption
has the potential to contribute to the achievement of this goal
(Klimmek et al., 2001; Al-Asheh and Duvnjak, 1999).The term
biosorption is used to describe the passive non- metabolically
mediated process of metal binding to living or dead biomass
(Rangsayatorn et al., 2002). It is a rapid, economical, effective
and eco-friendly techonology, in contrast to expensive conventional methods (Nouri et al., 2007; Krishnani et al., 2008).
A variety of low-cost biomass has been investigated for
controlling pollution from diverse sources in different parts
of the world (Kar and Misra, 2004). These include anaerobically digested sludge (Tokcaer and Yetis, 2006), bacteria (Lu
et al., 2006), fungi (Garcia et al., 2005) and algae (Elifantz
and Tel-Or, 2002). Agricultural materials have also been
used. These include rice bran, soybean and cottonseed hulls
(Marshall and Johns, 1996), crop milling waste (Saeed et al.,
2005), groundnut husk (Okieimen et al., 1985), maize cob meal
(Okieimen and Okundaye, 1989), coir, jute and sawdust (Shukla
and Pai, 2005), canola meal (Al-Asheh and Duvnjak, 1999), and
coconut shell (Ogunsuyi et al., 2001), amongst others.
Zinc (Zn 2+), one of the heavy metals on the US Environ
mental Protection Agency (USEPA) priority pollutant list has
been indicated in serious poisoning cases (Veli and Alyuz,
2007). Symptoms of Zn 2+ include dehydration, electrolyte
imbalance, stomach ache, nausea, dizziness and muscular incoordination. It is widely used in coating iron and other metals, in
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