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h i g h l i g h t s

" Thermophilic–acidogenic sulfate
reduction in granular sludge systems
is feasible.

" A one-year reactor operation was
successful without extra addition of
trace elements.

" The granular sludge maintained the
physical structure despite high Fe
leaching.

" Some trace elements accumulate in
the sludge when added despite
operation at low pH.

" Sludge Ni and Co contents were in
carbonate and exchangeable labile
fractions.

g r a p h i c a l a b s t r a c t

a r t i c l e i n f o

Article history:
Received 18 July 2012
Received in revised form 11 September 2012
Accepted 13 September 2012
Available online 25 September 2012

Keywords:
Trace metals
Acidogenesis
Sulfate reduction
Anaerobic granule
Thermophilic

a b s t r a c t

The leaching and/or accumulation of trace elements in sulfate reducing granular sludge systems was
investigated. Two thermophilic up-flow anaerobic sludge bed (UASB) reactors operated at pH 5 were
fed with sucrose (4 g COD lreactor

�1 d�1) and sulfate at different COD/SO4
2� ratios. During the start-up

of such acidogenic systems, an initial leaching of trace elements from the inoculum sludge occurred
regardless of trace elements supplementation in the reactor influent. The granular sludge maintained
the physical structure despite high Fe leaching. After start-up and nonetheless the acidic conditions,
Co, Ni, Cu, Zn, Mo and Se were retained or accumulated by the sludge when added. Particularly, Ni
and Co accumulated in the carbonates and exchangeable fractions ensuring potential bioavailability.
Otherwise, the initial stock in the inoculum sludge sufficed to operate the process for nearly 1 year with-
out supplementation of trace elements and no significant sludge wash-out occurred.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

From a biotechnological stand point, microbial sulfate reduction
represents a cost effective manner to simultaneously remove sul-

fate and carbon from industrial wastewaters. Specific industries
that benefit from this technology are those that use sulfate-rich
feed stocks like the sea-food processing industry, and the pulp
and paper manufacturing (Lens et al., 1998). The latter is one of
the major wastewater generating industries in the world with as
high as 60 m3 per ton of paper produced (Thompson et al., 2001).
In addition to sulfate or sulfite, these wastewaters typically contain
high concentrations of carbohydrates. Also, the temperature of the
final discharged wastewater (40–60 �C) is frequently higher than
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