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Abstract

The release of U from the mineral meta-autunite {Ca[(UO2)(PO2)](H2O)6} was evaluated using 
spectroscopy, aqueous geochemistry, and electron microscopy in a minimal media with the dissimilatory 
metal-reducing bacterium Shewanella putrefaciens 200R. The onset of anaerobic conditions resulted 
in the rapid release of U and phosphate to solution followed by the reprecipitation of meta-autinite. 
Spectroscopy measurements (XANES) indicated that the U was not released via reduction during the 
bacterial incubations, but instead dissolution was promoted by uptake and immobilization of P by the 
bacterial cells. Our results suggest that U(VI) in “refractory” P mineral phases may be mobilized from 
U mill tailings and/or U disposal sites and that the nutrient status (P) of the geologic setting may be 
a predictor for the lability of U in these environments.
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Introduction

As the Earth’s supply of fossil fuels begins to dwindle and 
concern over the influence on global climate after combustion 
swells, we are beginning to see a resurgence of interest in the 
use of nuclear power. Worldwide, there are currently 443 nuclear 
power plants under operation and an additional 24 are under 
construction (Abdelouas 2006). Since 2002, U prices have 
increased by over 100% to $45 per kg thereby increasing U ore 
exploration and mining activities (Abdelouas 2006). Although 
radioactive wastes are produced at each step of the nuclear fuel 
cycle, the largest volume consists of mine and mill tailings. In 
fact, the total volume of U mine tailings is estimated at 938 × 
106 m3 generated from more than 4000 mines worldwide (Ewing 
2006). Due to the toxicity, long half-life (4.5 × 109 years), and 
potential mobility in the environment, understanding the mecha-
nisms of U migration from mining operations and nuclear waste 
disposal sites is paramount (Finch and Murakami 1999). Indeed, 
improper storage of these wastes has led to the contamination 
of surface water, groundwater, and sediments in various settings 
(Buck et al. 1996; Catalano et al. 2006; Krupka et al. 2006; 
Suzuki and Banfield 2004; Wu et al. 2006), therefore, quantify-
ing both abiotic and biotic processes influencing U mobility in 
these environments has profound implications for the isolation, 
remediation, and containment of these wastes.

The mobility and transport of U is impacted by local and 
regional redox transformations between insoluble U(IV) forms 
and soluble U(VI) forms, sorption, and aqueous complexation. 
In the subsurface, bacteria and other microorganisms can dra-
matically impact the form and distribution of U in near-surface 

geologic settings through non-metabolic and metabolic processes 
(Suzuki and Banfield 1999). Non-metabolic processes include 
physico-chemical interactions between the uranyl cation and the 
bacterial cell wall polymers. Recent studies have illustrated that 
the phosphate and carboxyl moieties of bacterial cell walls have 
a strong affinity for U complexation at environmentally relevant 
pH values. (Fowle et al. 2000; Gorman-Lewis et al. 2005; Kelly 
et al. 2002). Metabolic-dependent processes include those pro-
cesses that involve the formation of chelating agents, enzymatic 
U reduction, and precipitation (Suzuki and Banfield 1999). Dis-
similatory metal-reducing bacteria (DMRB) generate energy for 
growth by coupling the oxidation of an organic carbon source 
(i.e., acetate, glucose, etc.) to the reduction of a terminal electron 
acceptor (TEA) (i.e., uranyl cation) (Anderson and Lovley 2002; 
Suzuki and Banfield 1999). Bacteria such as Shewanella putre-
faciens, Geobacter metallireducens, Geobacter sulfurreducens, 
and more recently Anaeromyxobacter dehalogenans have been 
widely used in biogeochemical research as model bacteria for 
examining this process (Finch and Murakami 1999; Haas and 
Northup 2004; He and Sanford 2003, Khijniak et al. 2005; Lovely 
et al. 1991; Lovley and Phillips 1992; Suzuki et al. 2002).

The bioreductive precipitation of U(VI) into sparingly in-
soluble uraninite, UO2+x, is widely suggested as a potential in situ 
remediation tool to immobilize U. Recently, uranyl phosphate 
precipitation has also been suggested as a U remediation strategy. 
Synthetic hydroxyapatite was shown to stimulate the precipita-
tion of uranyl phosphate from solution and showed >99.5% 
removal of the uranyl cation (Beazley et al. 2007; Fuller et al. 
2002). These observations demonstrate the potential use of this 
technique in permeable reactive barrier (PRB) U remediation 
technology. 
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