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A B S T R AC T

We assessed the potential of aerobic granular sludge consisting of mixed species of bacteria to 
remove and immobilize uranium (VI) and chromium (VI). Microbial granules were cultivated 
in a laboratory sequencing batch reactor (SBR) by feeding with acetate-containing synthetic 
media. Microbial granules formed in the SBR exhibited excellent settling characteristics and 
predominantly consisted of rod/cocci shaped bacteria. The microbial granules immobilized 
218 ± 2 mg of U(VI) g−1 dry granular biomass. X-ray photoelectron spectroscopy (XPS) showed 
the association of U(VI) with the microbial granules and transformation of U(VI) to U(IV). 
Microbial granules reduced Cr(VI) and immobilized to Cr(III) at 0.17 mmoles/d/g under 
anaerobic conditions. X-ray absorption near edge spectroscopy (XANES) of chromium associ-
ated with microbial granules revealed complete conversion of Cr(VI) to Cr(III). Extended X-ray 
absorption fi ne structure (EXAFS) analysis of the Cr-laden microbial granules showed similar-
ity to Cr(III)-phosphate. This study demonstrates the biotransformation and immobilization of 
U(VI) and Cr(VI) by mixed species microbial granules.
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1. Introduction

In natural and engineered settings, bacteria predom-
inantly grow as mixed microbial communities (biofi lms, 
biofl ocs and microbial granules). Bacteria growing in a 
community exhibit enhanced resistance and tolerance 
to toxic metals, compared with those which are grow-
ing in a single culture. Development of bioremediation/
biological treatment techniques based on transforma-
tion and immobilization of metals/radionuclides using 

bacteria growing in consortia might be advantageous 
because (i) the cells in a community can tolerate higher 
concentrations of metals/radionuclides compared to 
planktonic cells, and, (ii) they allow easy post-treatment 
separation of the biomass from the treated liquid either 
through fl occulation or granulation. Aerobic granu-
lar sludge (aerobic microbial granules) have attracted 
research interest due to its potential use in the develop-
ment of new generation wastewater treatment plants 
[1,2]. In these systems, microbial community is grown 
as compact and dense microbial granules without using 
carrier material [3]. Because of high settling velocities, 
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