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Abstract
Acid mine drainage (AMD) needs to be treated before it is discharged to water courses. The biological sulphate removal
technology can be applied for the removal of salinity (sulphate), acidity and metals, the main pollutants in AMD. The aim
of this study was to demonstrate that sulphate removal can be achieved using the fermentation products of grass-cellulose
as cost- effective carbon and energy sources. Two studies were conducted. In the first study (an experimental period of 32 d)
two stirred anaerobic batch reactors with a volume of 2.5 ℓ each were operated at 37 to 39 ˚C and at a pH of 6.7 to 6.9. Both
reactors contained grass cuttings, sulphate-reducing bacteria and rumen fluid. The test reactor contained sulphate-rich water
and the control reactor tap water. The results from this study indicated that grass cellulose could serve as an energy source
for biological sulphate removal. In the second experiment a 20 ℓ continuously fed one-stage reactor containing grass cuttings,
rumen fluid and immobilised sulphate-reducing bacteria, was fed synthetic sulphate-rich feed water. The results showed
that sustained sulphate removal could be achieved when operating this reactor. The butyric and propionic acids formed were
mainly utilised as the electron donors for the sulphate reduction, which resulted in increased levels of acetic acid. A clear
relationship existed between the rate of sulphate reduction and the COD/VFA concentration in the reactors. It was concluded
that sustained sulphate removal was achieved operating the continuously fed reactor using grass-cellulose as the carbon and
energy sources.
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Introduction
Acid mine drainage (AMD) originates from mining operations. It is formed when pyrite comes into contact with oxygen
and water, producing elevated sulphate, metals, (especially
iron) and acidity concentrations, the main characteristics of
AMD. These effluents require treatment, either by chemical
or biological means or through a combination of these methods (Maree et al., 2004), before discharge to receiving water
bodies. At present, two biological treatment systems are in
operation in South Africa: a 3 Mℓ/d pilot scale plant using
waste ethanol as the carbon and energy source at Navigation
Colliery and the Biosure Plant (10 Mℓ/d) at Grootvlei Mine
using sewage sludge as the carbon and energy source. The
price of ethanol is related to the oil price of which the costs
have escalated, while large volumes of sewage sludge are not
always available in most of the mining regions. In this study
the focus was on evaluating the potential of grass-cellulose
as a cost-effective carbon source for the biological sulphate
removing technology.
Plant biomass is a sustainable source of energy when cellulose is utilised in anaerobic fermentation to produce volatile
fatty acids (VFA) (Lynd et al., 2002). This process not only
involves many species of degrading bacteria (Coughlan and
Mayer, 1992; Schwarz, 2001), but sulphate-reducing bacteria
(SRB) can also participate in the degradation of cellulose polymers and monomers to produce VFA (Oude Elferink, 1998).
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Greben and Baloyi (2004) showed that the anaerobic degradation of grass cuttings (GC) to VFA was enhanced when an SRB
mixture was added to the fermentation process, even when no
sulphate was present. The degradation of plant cellulose is a
complex process, in which various natural occurring microbial communities are known to participate, e.g. the rumen
micro-organisms. The rumen is a highly effective cellulosic
ecosystem with a complex microbial population of bacteria,
archaea, protozoa and fungi (Hungate, 1966). The degradative process is driven by bacteria and protozoa that efficiently
mediate the anaerobic degradation of plant material by producing fibre-degrading enzymes (Lee et al., 2000; Schwarz,
2001). Sonakya et al. (2003) demonstrated the use of digested
cattle feed as an inoculum for the production of VFA from
GC during anaerobic digestion resulting in enhanced methane
production.
The aim of this study was to demonstrate that sustainable
sulphate removal can be achieved using grass-cellulose as the
carbon and energy source through the fermentation of cellulous
material to VFA by cellulose-degrading microbes originating
from rumen fluid.

Materials and methods
Two studies were conducted. During the first study two stirred
batch-operated reactors were used, to investigate whether biological sulphate removal could be achieved using grass-cellulose
fermentation products (VFA) as the electron donors. During the
second study a continuously fed single-stage reactor was operated, with the aim to investigate whether the above-mentioned
process could be maintained continuously for an extended test
period.
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