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Reactive Transport Models (RTMs) are often employed to predict the cycling of elements and the dispersal of
contaminant plumes in natural environments. While RTMs can be based on assumed reaction pathways and
empirical parameters, the transferability and the robustness of the model increase with the availability of
mechanistic information that allows for the assignment of the actual reaction pathways, including the reactive
species, products, and kinetics of the transformations operable in the system. Because model predictions are used
to guide policy, improvement of RTMs translates directly into improved management and cost decisions.

The Argonne Subsurface SFA continues to provide the mechanistic understanding of processes needed for the
improvement of RTMSs. In the context of pollutant dispersal in groundwater, we studied the transformations of
several dissolved contaminants (U, Hg, and As) in contact with reduced subsurface minerals (iron oxides and Fe-
containing clays). In reactions of U"' with reduced SWy-2 or NAu-1 clays we find that electron transfer occurs
under the studied conditions (2-100 g/L clay loading, 250 uM U"', 2 mM bicarbonate, pH 7.2). However, the
extent of U reduction and the reaction products depend on the type and amount of added clay. Using synchrotron
x-ray spectroscopy (U L|1j-edge XANES and EXAFS) we find that despite the stoichiometric excess of Fe' in the
system, UY" is reduced to U" (uraninite) only at high solids loadings, whereas a mixed-valence UY-U"" oxide is
stabilized at lower loadings. The results suggest that clay surfaces do not have sufficient high affinity sites for U
complexation that could prevent uraninite formation and that the formation of the mixed-valence UY-U"" oxide is
controlled by the reducing capacity in the system. In reactions of Hg" with reduced clays (4 g/L SWy-2 or NAu-1,
pH 7.2 MOPS) the results of Hg L,,-edge XANES and EXAFS show that Hg" is reduced to elemental Hg",
independent of Hg concentration (0.1, 0.25, 0.5, and 1.0 mM), the presence of CI- anions (0, 1, 10 mM), or the
presence of a humic acid (0, 10, 20, 50, and 100 mg/L SWHA)). Reduction to Hg® was also observed in the pH
range 5.0-9.0. In reactions of As” with the reduced iron oxide magnetite, the results of As K-edge EXAFS
spectroscopy indicate that co-precipitation of dissolved As¥ with magnetite leads to the formation of a stable,
incorporated As" species. The formation of such species may play a significant role in controlling As mobility in
natural systems.
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