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h i g h l i g h t s

" Sulphate was reduced in a
biocathode separated from organic
matter oxidation.

" Minimum energy is required to poise
the cathode at �0.26 V vs. SHE for
sulphate removal.

" Sulphide was the main product from
sulphate reduction.

" Sulphide was entrapped in the
cathode due to high pH from the
reaction.
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a b s t r a c t

Sulphate reduction in a biological cathode and physically separated from biological organic matter
oxidation has been studied in this paper. The bioelectrochemical system was operated as microbial fuel
cell (for bioelectricity production) to microbial electrolysis cell (with applied voltage). Sulphate reduction
was not observed without applied voltage and only resulted when the cathodic potential was poised at
�0.26 V vs. SHE, with a minimum energy requirement of 0.7 V, while maximum removal occurred at
1.4 V applied. The reduction of sulphate led to sulphide production, which was entrapped in the ionic
form thanks to the high biocathode pH (i.e. pH of 10) obtained during the process.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Sulphate ðSO2�
4 Þ is one of the most abundant anions found in the

environment. Despite large quantities of sulphate being released
into the environment, little attention has been given to the mitiga-
tion of sulphate because of its relatively low direct environmental
risk compared with other pollutants (Liamleam and Annachhatre,
2007). However, the European Groundwater Directive (2006/115/
EC) and the American Environmental Protection Agency (EPA

822-R.03-007) do take into account sulphate in the list of pollu-
tants to consider establishing threshold values, mostly from saline
flows resulting from human activities. Wastewater containing
sulphate is normally treated using physicochemical and biological
methods. The use of biological treatment is restricted to anaerobic
bioreactors, in which sulphate-reducing bacteria (SRB) couple the
oxidation of organic matter (electron donor) to the reduction of
sulphate (electron acceptor), producing hydrogen sulphide (Sarti
and Zaiat, 2011). The inconveniences of this process mainly involve
the competition of SRB with methanogenesis and the large
amounts of organic matter required. Furthermore, sulphate-rich
waste waters are usually deficient in electron donors (Liamleam
and Annachhatre, 2007) and, regarding groundwater treatment,
direct contact with organic matter should be avoided to maintain
drinking water biostability (Puig et al., 2012).
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