The effect of silica concentration on the biosorption of Cu2+ and
Co2+ from aqueous solutions mediated by strains of Bacillus
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Abstract
Bacillus strains were isolated from a mine tailings dump in Nigel town, south-east of Johannesburg. These were then grown
at 37(±0.5)°C in a trace element-agitated liquid media. The effects of pH, contact time, initial ion concentration and the
presence of co-cations were studied to ascertain the optimal conditions for biosorption to take place. Test solutions contained 0.002 M, 0.07 M and 0.2 M of either copper or cobalt ions. The Bacillus strains removed the copper and cobalt more
efficiently from solutions of low concentration (0.002 M and 0.07 M) than from solutions of high concentration (0.2 M) over
a 48 h period. Maximum biosorption was obtained at pH 6.5 and 5.5 for copper and cobalt solutions, respectively. The presence of silica led to an initial increase in both copper and cobalt biosorption, though higher concentrations of silica resulted
in a decrease in metal uptake by Bacillus strains.
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Introduction
Pollution of the environment with heavy metals, mainly as a
result of industrialisation, has become a challenge for scientists
and environmental health practitioners. Reported methods of
metal removal from an aqueous solution include adsorption
(biosorption, chemisorption or specific adsorption) and precipitation in the form of metal hydroxides (Fe3+, Cr3+ and Al3+),
metal carbonates (Fe2+, Mn 2+) or metal sulphides (Pb2+, Co2+,
Cd 2+, Cu 2+, Ni2+, Fe2+, Zn 2+) (Bojinova and Velkovar, 2001) ion
exchange, oxidation, reduction and reverse osmosis (Bueno et
al., 2008).
Metal uptake by biosorption is complex and may involve
the contribution of diffusion, adsorption, chelation, complexation, coordination and microprecipitation mechanisms, depending on the specific biomass or substrate (Veglio and Beolchini,
1997). Therefore, this biological process can be affected by
other chemical and physical variables like pH, ionic strength,
biomass concentration and the presence of other heavy metals
in solution. All of these factors have to be taken into account
in order to understand the mechanism of biosorption and to
optimise the operating conditions.
In this study, copper and cobalt were chosen for biosorption experiments due to their wide use in industry and their
potential water pollution impact. Hence, the main objective
of this research was to evaluate the impact of silica on the
adsorption of Co and Cu from an aqueous solution by selected
micro-organisms. The aqueous solutions used in this study
simulate the natural composition of an oxidised Co-Cu mixed
ore with a siliceous gangue, after leaching the mineral ore
using an acid such as sulphuric acid. Thus, the possible effect
of the remaining silica on the Cu and Co solution during the
biosorption process is explored, with the aim of proposing the
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use of micro-organisms to metallurgical processing divisions
of mining companies, as a viable and less expensive means for
extracting metals from leached solutions. While chemical technologies pertaining to adsorption are associated with sludge
generation and large capital demands, the biosorption process
has the advantages of low operating costs, a high probability
of metal recovery and potential biosorbent regeneration (Wase
and Foster, 1997).

Methods
Microorganisms and growth conditions
Bacillus strains were isolated from soil and water sampled from
mine dumps in Nigel, a small mining town founded in 1909 and
located south-east of the city of Johannesburg, South Africa.
The bacterial strains were then grown at 37(±0.5)°C (carefully
controlled) in agitated liquid media containing (NH4)2SO4
(1.0 gℓ-1), KCl (0.1 gℓ-1), K 2HPO4 (0.5 gℓ-1), MgSO4 (0.5 gℓ-1),
elemental sulphur (8.5 gℓ-1) and FeSO4.7H2O (7.5 gℓ-1). The
medium was sterilised by autoclaving, using the HUXLEY HL
341 speedy autoclave at 120(±0.05)°C for 15 min. The pH was
adjusted to 6.5 with diluted KOH solutions. Bacterial growth
was allowed to proceed for 72 h with continuous stirring and
thereafter the cultures were concentrated by centrifugation.
From this solution a glycerol stock culture was prepared for
further experiments.
Phylogenetic analysis
The strains used were Bacillus cereus, Bacillus subtilis,
Bacillus fusiformis, Bacillus firmus Bacillus macroides and
Bacillus licheniformis, as confirmed by PCR analysis.
Test solutions
The simulated laboratory experiments involved the use of 3 test
solutions. These were prepared from Cu and Co salts with the
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