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Heterogeneous Redox Potential of Different Solid-Phase Fe(II) Forms Defined by Reaction with the Pertechnetate Anion 
John M. Zachara1, john.zachara@pnl.gov, Steve M. Heald2, heald@aps.anl.gov, James P. McKinley3, james.mckinley@pnl.gov, James Fredrickson4, jim.fredrickson@pnl.gov, Tanya Peretyazhko5, tetyana.peretyazhko@pnl.gov, and Andrew Plymale1, plymale@pnl.gov. (1) Pacific Northwest National Laboratory, 3335 Q Avenue, Mail Stop K8-96, Richland, WA 99352, Fax: 509-371-6354, (2) Argonne National Laboratory, Argonne, IL 60439, (3) Environmental Dynamics and Simulation Group, Pacific Northwest National Laboratory, Richland, WA 99352, (4) Microbiology Department, Pacific Northwest National Laboratory, Richland, WA 99352, (5) Environmental Dynamics & Simulation Group, Pacific Northwest National Laboratory, Richland, WA 99354 

The pertechnetate anion [99Tc(VII)O4-(aq)] is an important contaminant at nuclear sites because it is mobile under oxidizing conditions.  99Tc migration is slowed by reducing conditions that generate the Tc(IV) valence state. Heterogeneous or surface-facilitated reactions dominate environmental redox reactivity as homogenous ones are slow.  We used 99Tc(VII) to probe the reactivity of different solid phase Fe(II) forms, including surface-complexed Fe(II) on Fe(III) and Al(III) oxides and phyllosilicates, structural Fe(II) in magnetite and phyllosilicates, and biogenic Fe(II) in oxide and sediment suspensions.  Redox reactivity was interrogated by wet-chemical kinetic experiments that followed both heterogeneous reduction and oxidation rates. The reactive Fe(II) and product Fe(III) forms were characterized by Mossbauer spectroscopy and micro-diffraction, while EXAFS established the nature of product 99Tc(IV) forms.  Fe(III) oxides with surface-complexed Fe(II) promoted the fastest heterogeneous reduction rates, while 99Tc(IV) product forms with Fe(III) in the second coordination shell were most resistant to heterogeneous oxidation.      
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Effect of carbonate ligands on the speciation and reduction of U(VI) by Fe(II) at a carboxyl surface 
Maxim I. Boyanov1, mboyanov@nd.edu, Ed O'Loughlin2, and Kenneth Kemner1, kemner@anl.gov. (1) Biosciences Division, Argonne National Laboratory, Building 203, Room E-157, 9700 South Cass Avenue, Argonne, IL 60439, (2) Environmental Research Division, Argonne National Laboratory, Argonne, IL 60439 

In a previous study we showed that Fe(II) ions were able to efficiently reduce adsorbed U(VI) only under conditions conducive to the formation of oligomeric Fe(II) species. Here we study the effects of bicarbonate addition on the chemical speciation, adsorption, and redox behavior of uranium and iron in our experimental system. Uptake measurements and acid/base titrations were employed to monitor solution chemistry and X-ray absorption spectroscopy (XANES and EXAFS) was used to determine the valence state and atomic environment of the U and Fe atoms. Our results indicate that as the concentration of bicarbonate in the system is increased: (1) the outcome of the redox reaction is unchanged (no U reduction at pH 7.5, reduction at pH 8.4), and (2) in the absence of Fe(II) in the system the uranyl adsorption mechanism to the carboxyl surface is unchanged, i.e. a uranyl-carboxyl complex is formed, no ternary carboxyl-uranyl-carbonate complexes are observed. 
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Speciation and reactivity of biogenic UO2 in water 
Kai-Uwe Ulrich1, k.ulrich@seas.wustl.edu, Harish Veeramani2, Jonathan O. Sharp2, Rizlan Bernier-Latmani2, rizlan.bernier-latmani@epfl.ch, Eleanor Schofield3, eleanors@slac.stanford.edu, John R. Bargar4, bargar@slac.stanford.edu, and Daniel E. Giammar1, giammar@wustl.edu. (1) Energy, Environmental and Chemical Engineering, Washington University in St. Louis, One Brookings Drive, Campus Box 1180, St. Louis, MO 63130, (2) Environmental Microbiology Laboratory, Ecole Polytechnique Federale de Lausanne, Lausanne, 1015, Switzerland, (3) Stanford Synchrotron Radiation Laboratory, Stanford, CA 94309, (4) Stanford Synchrotron Radiation Lightsource, Stanford, CA 94305 

Biogenic UO2 is being investigated as a stable waste form of uranium under anoxic conditions in contaminated aquifers. Flow-through dissolution experiments performed under reducing conditions showed that the presence of carbonate accelerated UO2 dissolution. Concomitant XPS analyses detected penta- and hexavalent uranium in a roughly 2:1 ratio on the UO2 surface. Calculations suggest water radiolysis products were a source of oxidants. Carbonate promoted the UO2 dissolution by forming water-soluble complex species with uranyl(VI) and possibly U(V). Under more oxidizing conditions, dissolution rates increased because direct oxidation of U(IV) to U(VI) became more favorable. Although biogenic UO2 nanoparticles dissolved at higher rates than larger particles of abiotic UO2, surface area-normalized rate constants were similar. In carbonate-limited systems, U(VI) may accumulate on the UO2 surface and eventually form (meta)schoepite as the dissolution rate-controlling phase. These surface-specific redox and sorption/desorption reactions may play an important role in determining the stability of uranium in aqueous and remediated environments. 
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How do biogeochemical conditions affect the products of U(VI) reduction by bacteria? 
Rizlan Bernier-Latmani1, rizlan.bernier-latmani@epfl.ch, Jonathan O. Sharp1, Harish Veeramani1, Elena I. Suvorova1, Eleanor Schofield2, eleanors@slac.stanford.edu, J. R. Bargar2, Apurva Mehta2, Kai-Uwe Ulrich3, k.ulrich@seas.wustl.edu, and Daniel E. Giammar3, giammar@wustl.edu. (1) Environmental Microbiology Laboratory, Ecole Polytechnique Federale de Lausanne, Lausanne, 1015, Switzerland, (2) Stanford Synchrotron Radiation Laboratory, Stanford, CA 94309, (3) Energy, Environmental and Chemical Engineering, Washington University in St. Louis, St. Louis, MO 63130 

Biological U(VI) reduction to U(IV) has been touted as a bioremediation strategy to address U(VI) contamination at U.S. DOE sites. A desirable product of this reduction is nanoscale biogenic UO2 whose structure has been recently characterized. In this work, we consider the effect of varying biological conditions -metal-reducing vs. sulfate-reducing bacteria- or geochemical conditions such as the solution composition on the product of this biological process. We used X-ray absorption spectroscopy, synchrotron based powder diffraction and high-resolution transmission electron microscopy to characterize the various products. They were found to vary from stoichiometric UO2 to cation-doped UO2 to sorbed U(IV). In addition, flow-through experiments yielded dissolution rates that were found to be dependent upon the U(IV) species. The implications for these results is that the structure and reactivity of U(IV) produced in the subsurface by bioremediation efforts may vary as a function of biogeochemical conditions. 
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Mineralogical control on U(VI) attenuation in the contaminated sediments from Rifle, CO 
Nikolla P. Qafoku1, nik.qafoku@pnl.gov, Ravi K. Kukkadapu2, Ravi.Kukkadapu@pnl.gov, James P. McKinley3, james.mckinley@pnl.gov, Bruce W. Arey2, Bruce.Arey@pnl.gov, Shelly D. Kelly4, skelly@anl.gov, Kate M. Campbell5, CT. Resch6, tom.resch@pnl.gov, Chongmin Wang2, Kenneth H. Williams7, khwilliams@lbl.gov, Mike J. Wilkins8, mike.wilkings@nature.berkely.com, and Phillip E. Long9, Philip.Long@pnl.gov. (1) Geochemistry Group, Fundamental and Computatianal Sciences Division, Pacific Northwest National Laboratory, MSIN: K8-96 902 Battelle Boulevard, P.O. Box 999, Richland, WA 99352, Fax: 509-371-6089, (2) Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, WA 99352, (3) Environmental Dynamics and Simulation Group, Pacific Northwest National Laboratory, Richland, WA 99352, (4) Biosciences Division, Argonne National Laboratory, Argonne, IL 60439, (5) U. S. Geological Survey, Menlo Park, CA 94025, (6) Pacific Northwest National Laboratory, Richland, WA 99352, (7) Lawrence Berkeley National Laboratory, Berkeley, CA 94720, (8) University of California at Berkeley, Berkeley, CA 94720, (9) Energy and Environment Directorate, Pacific Northwest National Laboratory, Richland, WA 99352 

Several sediment cores were obtained during recent drilling campaigns at the U.S. Department of Energy, Integrated Field Research Challenge Site located in Rifle, CO. The objective was to determine the importance of different U-hosting minerals on the overall mobility and attenuation of this contaminant. The sediment samples were characterized by XRD, Mössbauer spectroscopy, XANES, XRF, SEM-EMPA, SEM-FIB, and TEM-SAED. A series of extraction techniques were also employed to determine aqueous U(VI), Fe(II), Fe(III), labile U, acid volatile sulfide (AVS) and inorganic and organic carbon contents. Results have indicated that Fe(II) and S contents were substantially higher in sediments that were naturally bioreduced. U occurred as both U(IV) and U(VI) and it was associated with framboidal pyrite and Fe-oxides. These minerals may play an important role in determining U(VI) fate in the sediments. Further characterization and additional experimental work is underway with sediments from other galleries and experimental areas at Rifle. 
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Role of dissolved iron(II) and structural iron in clay mineral mediated redox transformations of arsenic and antimony 
Anastasia G. Ilgen1, ftagt@uaf.edu, Matthew Newville2, and Thomas P. Trainor1, fftpt@uaf.edu. (1) Department of Chemistry and Biochemistry, University of Alaska Fairbanks, 900 Yukon Drive, Rm. 194, P.O. Box 756160, Fairbanks, AK 99775, Fax: 907-474-5640, (2) GSECARS, Consortium for Advanced Radiation Sources, University of Chicago, Argonne, IL 60439 

Sorption to mineral surfaces (Fe, Al, and Mn oxides, clay minerals) is one of the major processes immobilizing priority pollutant metalloids arsenic (As) and antimony (Sb). The extent of As and Sb adsorption depends on their oxidation state (+5/+3), physicochemical conditions, and the nature of the mineral surface. X-ray absorption fine structure spectroscopy (EXAFS) was used to study the redox transformations of As and Sb adsorbed to Fe-poor kaolinite (KGa-1) and Fe-rich nontronite (NAu-1) in the presence and absence of dissolved Fe(II). Studies were also carried out in conditions of partial reduction of the structural Fe(III) in NAu-1 in order to evaluate the relative role of solution, sorbed and structural Fe species in controlling redox transformations and hence mobility of antimony and arsenic. Dissolved Fe(II) can effectively reduce As(V) and Sb(V) to As(III) and Sb(III), and the extent of reduction is more pronounced in the presence of kaolinite than nontronite. 
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Arsenic redox changes by microbially and chemically formed semiquinone radicals and hydroquinones in a humic substance model quinone 
Jie Jiang1, jie.jiang@student.uni-tuebingen.de, Iris Bauer1, iris.bauer@uni-tuebingen.de, Andrea Paul2, a.paul@igb-berlin.de, and Andreas Kappler1, andreas.kappler@uni-tuebingen.de. (1) Center for Applied Geosciences (ZAG), Eberhard-Karls-University of Tuebingen, Tuebingen 72074, Germany, Fax: +49-7071-5059, (2) Institute of Freshwater Ecology and Inland Fisheries, IGB, Berlin 12587, Germany 

Arsenic is a redox-active metalloid whose toxicity and mobility strongly depends on its oxidation state, with arsenite [As(III)] being more toxic and mobile than arsenate [As(V)]. Humic substances (HS) are also redox-active and can potentially react with arsenic and change its redox state. We show that semiquinone radicals produced during microbial or chemical reduction of a HS model quinone are strong oxidants and oxidize arsenite to arsenate thus decreasing As toxicity and mobility. This reaction depends strongly on pH. To understand the redox reactions between arsenite/arsenate and reduced/oxidized HS we quantified the radical content in reduced quinone solutions and constructed Eh-pH diagrams that explain the observed redox reactions. The results from this study can be used to better predict the fate of arsenic in the environment and potentially explain the occurrence of oxidized As(V) in anoxic environments. 
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Effect of rainfall events on adsorption and transport of Cu, Ni, Pb, and Zn in streams draining the historic Beatson mine, Latouche Island, Prince William Sound, AK, USA 
Lisa L. Stillings, stilling@usgs.gov, U.S. Geological Survey, MS 176, University of Nevada, Reno, Reno, NV 89557, Fax: 775-784-5079 

In June-Aug., 2005, a 72 day record of trace metal flux was collected from streams draining the Beatson mine, a massive sulfide Cu deposit in Prince William Sound, AK. During this period, pH = 6.0-7.25, and Cu, Ni, Pb, & Zn showed max. total acid extractable concentrations (acidified, not filtered) of 186, 5.9, 6.2, and 343 µg/L, respectively. Rainfall affected these values: dissolved concentrations (acidified and filtered) of Cu & Pb increased during rain events, whereas dissolved concentrations of Ni & Zn decreased. Total acid extractable Fe = 0-1400 µg/L. Because of circumneutral pH and high DO, Fe was assumed to be present as a colloid. Adsorption calculations performed with VMINTEQ show Cu and Pb were transported mostly as adsorbed species; however pH decreases during frequent rain events caused desorption from colloid surfaces. When Cu & Pb adsorption isotherms are normalized by Fe flux, pH control of adsorption is evident.
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