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Abstract
Bacteria from the genus Acidithiobacillus, Leptospirillum and Ferroplasma, Sulphobacillus are often associated with water
remediation. In this study a consortium of Acidithiobacillus caldus, Leptospirillum spp., Ferroplasma spp. and Sulphobacillus
spp. was cultured and used to remove Cu 2+ and Co2+ from synthetic aqueous sulphate solutions. The influence of experimental
conditions such as pH, temperature, time, volume and metal concentration on the efficiency of the biosorption process was
investigated. Biosorption of 54 to 67% Cu (pH 2, 37°C, 24 h) and 23-70% Co (pH 2, 37°C, 24 h) was observed from solutions
containing 3.86 g∙ℓ-1 Cu 2+ ions and 3.36 g∙ℓ-1 Co2+ ions. Such findings suggest that if optimal conditions for biosorption of the
metals by micro-organisms are achieved, this should afford a cost-effective method of removing metal species from water
and aqueous solutions.
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Introduction
Recent progress in the use of micro-organisms for industrial
applications promotes not only bacterial leaching of mineralbearing ores but also the microbial treatment of metal contaminated water (Brierley, 1982). Water contamination is a serious
challenge which is ever increasing in magnitude. With respect
to groundwater contamination, about 10% of the population
in South Africa uses groundwater for drinking while a large
number of industries and agricultural systems depend on clean
and safe groundwater supplies (Botha, 2006). Contamination of
groundwater can be due to leaching of effluents emanating from
garbage dumps, industrial waste dumps, mine dumps and septic
tanks (Vullo et al.,2008). Considerable effort is being expended
to remediate this water-pollution problem. Contamination of
groundwater resources by heavy metals in South Africa is also
on the rise, due to large- and small-scale mining activities taking place.
Heavy metals which contaminate water bodies include,
among others, copper, cobalt, iron, manganese, chromium,
nickel, gold and lead. Although most of these metals have vital
human body functions, their ingestion in high quantities can
result in severe health implications which in some cases may be
fatal. It is, therefore, crucial that concentration levels of these
metals in drinking water for example, are closely monitored.
Table 1 shows the allowable concentrations of copper and cobalt
in drinking water according to the South African National
Standards (SANS), 2006.
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TABLE 1
Allowable concentrations of copper and cobalt in
drinking water according to SANS (DWAF, Botha,
2006)
Determinant

Copper
Cobalt

unit

µg/ℓ
µg/ℓ

Recommended limit

< 500
< 1 000

Most commonly reported mechanisms for metal removal
from solution are biosorption, chemisorption or specific adsorption and precipitation in the form of hydroxides (Fe3+, Cr3+, and
Al3+), carbonates (Fe2+, Mn 2+) or sulphides (Pb2+, Co2+, Cd 2+,
Cu 2+, Ni2+, Fe2+, Zn 2+) (Bojinova et al., 2006). While these methods have been successfully used in removing metal species from
water, the challenge for research is the use of novel techniques
that are less costly, more efficient and environmentally friendly.
For example, these conventional methods can be effectively used
for solutions of high metal concentrations while for low metal
concentrations the same techniques may be costly. With respect
to the environment, the removal of metals from solutions emanating from metallurgical and mining operations would serve to
protect ground and surface water, especially when taking into
consideration repercussions from acid mine drainage. The use
of micro-organisms for the removal of metals from metallurgical aqueous solutions has not been reported largely. Recently,
reports have been published where bacterial species such as
Pseudonomonas spp. have demonstrated capacity to remove significant amounts of heavy metals by biosorption from aqueous
solutions (Donalkova et al., 2005; Vullo et al., 2008).
Copper is a major component of haemoglobin, the protein
responsible for oxygen transport in blood cells. Copper, along
with vitamin C, forms elastin, a protein required to keep skin,
blood vessels, and lungs supple and elastic (Araya et al, 2007).
It is also an antioxidant and is required by the central
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