I nteractions of uranium with Fe(l11)-(hydr)oxides under sulfate reducing conditions

R. K. Sani', B. M. Peyton?, T. Ginn®, and A. Dohnalkova’

! South Dakota School of Mines and Technology, 501 East St. Joseph Street, Rapid City,
SD 57701-3995 USA (raesh.sani @sdsmt.edu)

’Montana State University, Bozeman, MT, USA (bpeyton@coe.montana.edu)
3University of California Davis, CA, USA (trginn@ucdavis.edu)

*PNNL, Richland, WA, USA (Alice.Dohnalkova@pnl.gov)

Uranium (U) contamination is a global problem in water supply and related ecosystem
health, and it is the primary radioactive metal contaminating subsurface environments at
many sites and is of particular concern because of its carcinogenicity. The high solubility
of its hexavalent form can result in U transport to sensitive receptors such as drinking
water sources. One potential method of treating U contamination is by using natural
dissimilatory metal reducing bacteriaincluding sulfate reducing bacteria (SRB) to reduce
soluble U(VI) to insoluble U(1V) (as uraninite, UO,). Thisreduction can lead to in situ U
immobilization; however, it isvital to understand the reactivity and stability of
microbially-mediated uraninite. Our recent published HR-TEM, SAED, and EDS
analysis data showed that SRB transformed U(V1) into colloidal uraninite with particle
diameters of 3-5 nm. Further, we recently showed that under lactate-limited sulfate-
reducing conditions, this biogenic uraninite can be oxidized by common Fe(l11)-
(hydr)oxides such as hematite, goethite, and ferrihydrite. In addition to the oxidation of
biogenic uranium under biotic conditions, in this paper we review the oxidation of
agueous phase biogenic uraninite by Fe(l11)-(hydr)oxides under abiotic conditions. These
agueous uraninite particles were separated from SRB using 0.2 um membrane filter, and
treated with hematite and ferrihydrite under strict anaerobic conditions. Our results
suggest that Fe(l111)-(hydr)oxides oxidized uraninite; however, the reactivity of biogenic
uraninite was greater with ferrihydrite as compared to the more crystalline structure of
hematite. Thermodynamic calculations also indicate congruent favorability of these
reoxidation reactions. The results have strong implications for field application of in situ
biological reduction of U(VI) since oxidation of bioreduced uraninite by Fe(l11)-
(hydr)oxides in situ may limit U immobilization even under reducing conditions.



