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Introduction

Dissimilatory microbial reduction of soluble U(VI) to
relatively insoluble U(1V) has been proposed as a potentially
viable mechanism by which U contamination in natural waters
may be ameliorated via precipitative sequestration. Most
studies of microbial U(VI) reduction have focused on
dissolved U(VI) species, but in anoxic sedimentary
environments U(VI) species adsorbed onto organic and
mineral surfaces are likely to dominate the chemical
speciation of uranium. Despite this expectation, few studies
have addressed the bioavailability to metal-reducing bacteria
of U(VI) adsorbed onto aquifer matierials.

In this presentation we report the results of laboratory
studies demonstrating dissimilatory bacterial reduction of
U(VI) initially adsorbed onto montmorillonite clay.

Methods

Powdered montmorillonite was allowed to equilibrate with
dissolved U(VI) at pH = 7.0 over a 12 hour period in a
minimal phosphate-absent growth medium. Resulting clay
suspensions were then inoculated with actively-respiring
cultures of Shewanella putrefaciens (200R) and maintained
under strict anaerobic conditions at 30° C for at least 24 hours.
Ultrafiltered supernatants were obtained at the start and the
end of each experiment. Replicate trials representing initial
and end-experiment conditions were acidificed under anoxic
conditions with HCI, and their supernatants extacted by
ultrafiltration. Sterile controls were also run. Solutions were
analyzed by ICP/MSfor U.

Results

Acidification of sterile control trials with HCI under
anoxic conditions eluted most U from clay surfaces, while
inoculated trials yielded very little U from clay surfaces at the
end of the experiments. These results are interpretted as
indicating that a significant proportion of clay-adsorbed U(VI)
was reduced by S. putrefaciens under the experimental
conditions, yielding a non-extractable (by HCI) form of U
such as uraninite or a similar U(1V) oxide phase. Significant
U(VI) reduction occurred after 24 hours with little additional
reduction occurring at longer incubation times. These results
demonstrate that U(VI) may be bioavailable to uranyl-
reducing bacteria in aquifer settings even where most U(VI1) is
adsorbed onto mineral surfaces. Additional work is needed to
describe the speciation of U reduced from adsorbed U(VI)
species, and to quantify the relative bioavailability of U(VI)
sorbed onto different types of geologically-relevent materials.
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In many anoxic aquifers minerals containing structural
Fe(l11) such as iron(hydr)oxides (ferrihydrite, goethite,
lepidocrocite) or phyllosilicates are involved as electron
acceptors in biogeochemical redox processes. In recent years,
the significance for pollutant reduction in anoxic systems of
ferrous iron “species’ present at surfaces of such Fe(lll)
containing minerals has been recogni zed.

Under various biogeochemical conditions a high reactivity
of surface-associated Fe(ll) species was found over long
periods of time due to fast and continuous regeneration
processes. Such processes include “abiotic uptake” of Fe(ll)
from solution by Fe(l11) containing minerals and dissimilatory
microbial iron reduction.

Based on results of detailed laboratory batch and column
studies, we will discuss environmental and mineralogical
factors that affect the abiotic reduction of organic pollutants
under conditions typically found in ferrogenic soils and
ground waters.

The contaminants studied include awide variety of C1 and
C2 halogenated aliphatic compounds (e.g., CCl,, CHCI,, CCl-
COOH). The formation and regeneration of reactive surface-
bound Fe(l1) species, the mechanism(s) of electron transfer
and their controls on product distribution of dehalogenation
reactions will be discussed.
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