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Evaluating societal risks posed by uranium contamination from waste management facilities, mining sites, and heavy industry requires knowledge about uranium transport in groundwater, often the most significant pathway of exposure to humans., by which actinides are transportedin an aquifer from the source to humans.   In many aquifers uranium mobility may be controlled by reversible adsorption of U(VI)-carbonato complexes on oxide minerals (Bargar et al., 1999, 2000).  It has been demonstrated using Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) (Bargar et al., 1999) and X-ray Absorption (Bargar et al., 2000) spectroscopies that FeOsurface-U(VI)-carbonato complexes are the predominant U(VI) surface species in hematite suspensions bathed in sodium plus uranyl nitrate solutions at equilibrium with atmospheric CO2. This finding was somewhat surprising, since aqueous U(VI)-carbonato complexes are the predominant aqueous species only at pH>6.5. The relative stability of the ternary surface complexes indicates that a common assumption used in surface complexation modeling, that the the compositions and pH distribution of the predominance of adsorbed species can be inferred from by comparison to aqueous species, should be abandoned or only used with extreme caution, and the corresponding necessity of directly studying adsorbed species. A charge-distribution, triple-layer surface complexation model suggests that one (or two) FeOsurface-U(VI)-carbonato surface species can describe macroscopic (batch) U(VI) adsorption on hematite, in a manner that is consistent with the surface spectroscopic results.  Although the overall free energy of U(VI) adsorption is dominated by coordinative bonding, the contributions of coulombic forces also influence the fitting of adsorption edges, and thus the electrical double layer terms are an important part of fitting a surface complexation model to the macroscopic U(VI) adsorption data.  It is shown that the electrical double layer terms are strongly influenced by adsorption of (bi)carbonate ions, and uncertainty in the modeling of carbonate ion adsorption makes it difficult to reach a final conclusion on the model parameters for formation of FeOsurface-U(VI)-carbonato surface species.  ATR-FTIR data for carbonate adsorption on hematite in D2O suggest that two (bi)carbonate surface species exist over the pH range 5-8 and that the indicated species may be different than those used in surface complexation models for carbonate adsorption published by previous investigators.  Thus, achieving a complete surface complexation model to describe adsorption of ternary U(VI)-carbonato complexes requires a refinement of the models for carbonate ion adsorption on hematite.
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