Use of compost bacteria to degrade cellulose from grass cuttings
in biological removal of sulphate from acid mine drainage
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Abstract
The study focused on the use of compost bacteria to degrade cellulose from grass cuttings as energy and carbon sources for
sulphate-reducing bacteria (SRB) in a biological reactor. The fermentation of grass cuttings was carried out by anaerobic
bacteria isolated from compost, thereby producing volatile fatty acids (VFA) and other intermediates, which were used as
carbon and energy sources for sulphate reduction by SRB. Grass was added daily to the reactor in order to obtain maximum
production of chemical oxygen demand (COD) and VFA. The results indicated that daily addition of grass is essential for the
efficient VFA production, sulphate reduction and for the cell growth of the microbial biomass. Sulphate reduction of 38% was
achieved with an average reactor chemical oxygen demand/sulphate (COD/SO4) ratio of 0.56 mg/ℓ. These results showed that
25 g of grass could produce enough VFA for a sulphate load of 25 g, which is a cost-effective method for sulphate removal.
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Introduction
Acid mine drainage (AMD) is the name given to a polluted effluent from base metals, coal- and gold-mine waters. Mining industries produce effluents rich in sulphate, acid and metals due to
the oxidation of sulphide minerals, especially pyrite (FeS2). The
exposure of FeS2 to oxygen and water results in the production
of sulphate and ferrous ions (Eq.(1).
2FeS2 (s) +7O2+2H2O → 2Fe2+ + 4SO42- +4H+

(1)

The ferrous iron produced is then converted to ferric ion, which
is due to further oxidation by the acidophilic bacteria activity.
The conversion of ferrous iron to ferric ion consumes one mole
of acidity. This reaction is pH dependent with Eq. (2) proceeding
slowly under acidic conditions (pH 2 to 3) and several orders of
magnitude faster at pH values near 5 (Younger et al., 2002).
4Fe2+ +O2 +4H+ → 4Fe3+ +2H2O						

(2)

The toxic metals, high salt concentrations and low pH in the
AMD pose a major environmental threat through polluting water
resources (Picavet et al., 2001). Ashton et al., (2002) projected a
100 % increase in the use of water by the mining and industrial
sectors from 1996 to 2030, which could imply an increase in the
acid mine drainage problem in South Africa. Being aware of the
danger of AMD to the environment, mitigation options could be
used to prevent the contamination of streams, rivers and lakes
by effluent discharge from the mines or to treat the contaminated water. This is a prerequisite for sustainable development.
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This study has attempted to treat AMD biologically using an
anaerobic, single-phase digestion and treatment system using
the fermentation products of grass cuttings as carbon and energy
sources. The use of biological sulphate removal technologies
has been practised for years and is shown to compete successfully with other sulphate-removal technologies (Maree et al.,
1985; Maree et al., 1986; Gottschalk, 1986). Biological sulphate
removal technology requires the abundance of sulphate reducing bacteria (SRB) which require mesophilic temperatures and
strict anaerobic conditions for the best performance (Greben et
al., 2000). The competition for substrates by the SRB and other
anaerobic bacteria also depends on the ratio of COD to the sulphate concentration of the wastewater (Hulshoff Pol et al., 1998).
At a COD/sulphate ratio of >0.67 mg/ℓ, sufficient organic matter
is present to completely reduce the available sulphate (Garcia et
al., 2007). The SRB are generally less sensitive to H 2S produced
as a result of sulphate reduction than other anaerobic bacteria
(Oude Elferink et al., 1994; Greben et al., 2000).
Recently, Greben et al., (2007) explored the use of active
biological sulphate reduction technology, so as to treat high volumes of acid mine-water. Bio-waste product used in this study
was grass, which was degraded through fermentation, producing volatile fatty acids (VFA) from the cellulose components
of grass. Bacteria isolated from rumen fluid were used for the
fermentation process in order to produce polymers, monomers
and other intermediates from cellulose material. The degradation products were then used as energy sources for the SRB. In
this set-up, reactors were operated at 37 to 39oC. In this study,
we have investigated whether the same system could be operated
at room temperature and still obtain similar results. We have
also used bacteria isolated from compost at room temperature
instead of from rumen fluid for the fermentation process. Any
industrial process that can reduce energy needs is advantageous
because of the shortages of energy supply worldwide and especially in South Africa as experienced by the current electricity
load-shedding.
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