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Abstract
This paper describes a novel system for the biological sulphate reduction (BSR) of acid mine drainage (AMD) using primary sewage sludge (PSS) as carbon source in an upflow anaerobic sludge bed (UASB) reactor configuration. A UASB reactor was operated at a temperature of 35oC and it received PSS (1 875 mgCOD/ℓ) augmented with sulphate (1 500 mgSO42-/ℓ).
The experimental results indicate that high treatment efficiency was achieved at more than 90% sulphate reduction at a
liquid hydraulic retention time (HRT) of 13.5 h. In this study, the effects of various operational parameters were also investigated. The effect of a biomass recycle stream from the top to the bottom of the sludge bed was found to initiate rapid BSR
from the bottom of the bed. Profile tests showed that effective and immediate sulphate reduction was achieved as soon as the
influent entered the reactor. From these results, it can be concluded that the UASB configuration using PSS as energy source
would be a viable method for the BSR of AMD.
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Nomenclature

Introduction

Alk H2S

Acid mine drainage (AMD) poses a significant environmental threat. The AMD waters emanate from both surface and
underground mine workings, intentionally through pumping
to prevent mine flooding or unintentionally through seepages,
and are characterised by low pH (2 to 3), high iron (10 to 6 700
mg/ℓ) and sulphate (3 000 to 30 000 mgSO42-/ℓ) and variable
non-ferrous (usually heavy) metals and TDS (1 800 to 45 000
mg/ℓ) (Christensen et al., 1996). These characteristics occur as
a result of sulphide oxidation in rock exposed to air and water
(Thomas and Jonathan, 1994). Mining activities expose large
surface areas of rock which frequently contain iron disulphide
(FeS2), commonly known as pyrite. In the presence of oxygen
and water, pyrite is oxidised to form soluble iron complexes
and sulphuric acid, catalysed by sulphur-oxidising bacteria
(Davison et al., 1989):
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4FeS2 (s) + 15O2 (aq) + 10H2O
pyrite

à 4FeO (OH) + 8SO42- (aq) + 16H+ (aq)
(1)
acidity
							
The resulting water is therefore high in acidity and dissolves a
wide variety of metal (usually heavy) ions into solution. These
metals stay dissolved in solution until the pH rises to a level
where precipitation occurs.
The impacts of AMD discharges are both short term and
long term. Low pH AMD often cannot be reused in mineral
processing since it damages mine infrastructure and machinery. Aquatic ecosystems downstream can be damaged or
destroyed. Ecosystems on the banks of rivers and drainage
channels also can be affected. Death of trees is common and
these changes can lead to secondary effects such as increased
erosion and sediment load in streams. Moreover, underground
water resources are contaminated by the acidic nature of
the AMD and its heavy metal contents (Anon., 2005). The
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