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Overview of redox biogeochemistry of iron in phyllosilicates 
Joseph W. Stucki, jstucki@illinois.edu, Department of Natural Resources and Environmental Sciences, University of Illinois, W-321 Turner Hall, 1102 South Goodwin Avenue, Urbana, IL 61801, Fax: 217-244-7805 

Microbially mediated redox reactions of iron in phyllosilicate clay minerals were first reported in 1986 and have since been investigated from many different perspectives. During the first decade only a few papers were published, and they focused on establishing the validity of the phenomenon. Since 1996, however, the field has flourished and progressed to include investigations of the effects on chemical and physical properties of the clay, the genetic identification and classification of Fe-reducing bacteria in the environment, interactions with redox-active metals and organics, mineral transformations, redox cycling and reversibility, and the application of redox biostimulation to remediate various types of environmental and industrial contamination. In these varied studies, advanced methods of mineral analysis and bacterial identification have been utilized, which are uncovering a wealth of information regarding the mechanisms by which bacteria mediate Fe reduction in the clay and how this phenomenon can be used to the benefit of agriculture, the environment, and industrial processes. 
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Assessing the redox reactivity of structural iron in smectites using reactive probe compounds and infrared spectroscopy 
Anke Neumann1, Thomas B. Hofstetter1, thomas.hofstetter@env.ethz.ch, Olaf A. Cirpka2, Sabine Petit3, and René P. Schwarzenbach1. (1) Department of Environmental Sciences, Institute of Biogeochemistry and Pollutant Dynamics (IBP), Universitatsstr. 16, ETH Zurich, Zurich CH-8092, Switzerland, Fax: 41-44-633-11-22, (2) Center for Applied Geoscience, University of Tübingen, Tübingen D-72076, Germany, (3) UMR6532 CNRS HydrASA, University of Poitiers, Poitiers 86022, France 

Structural Fe(II) in clay minerals is an important source of electron equivalents for the reductive transformation of contaminants in anoxic environments. We investigated which factors control the reactivity of Fe(II) in smectites including total Fe content, Fe(II)/total Fe ratio, and excess negative charge localization using ten nitroaromatic compounds as reactive probe molecules. Together with insights from the characterization of Fe(II/III) species in the mineral lattice using middle and near infrared spectroscopy, we propose a kinetic model for quantifying the reactivity, abundance, and interconversion rates of two distinct Fe(II) sites in the minerals' octahedral sheet. Excellent agreement between observed biphasic nitroaromatic compound reduction kinetics and model fits points towards existence of two types of Fe(II) sites exhibiting reactivities that differ by three orders of magnitude in iron-rich ferruginous smectite (SWa-1) and Oelberg montmorillonite. Low structural Fe content, as found in Wyoming montmorillonite (SWy-2), impedes the formation of highly reactive Fe sites and results in pseudo-first order kinetics of NAC reduction that originate from the presence of a single type of Fe(II) species of even lower reactivity. 
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Visible and infrared spectroscopic studies of the reduction of tetrahedral Fe in nontronites 
Rose B. Merola, Bryan R. Bzdek, bryanbiz@aol.com, and Molly M. McGuire, mmcguire@bucknell.edu, Department of Chemistry, Bucknell University, Lewisburg, PA 17837 

The reduction of the nontronites NAu-1 and NAu-2 were compared using visible and infrared spectroscopies to better understand the role of tetrahedral Fe, which is found in significant quantities in NAu-2. The changes in the diffuse reflectance (visible) spectra of NAu-2 in the very early stages of reduction suggest that tetrahedral Fe3+ is preferentially reduced before the octahedral Fe3+ is reduced to any appreciable extent. In the infrared spectra, the magnitude of the observed shifts in the Si-O stretching region is greater in NAu-2 than in NAu-1, but the crystallinity of the tetrahedral silicate sheet of NAu-2 is preserved upon reduction. In both nontronites, the orientation of the out-of-plane Si-O bond changes and becomes completely perpendicular to the basal (001) surface of the clay, indicating the formation of trioctahedral domains wherein the individual tetrahedra reorient relative to the plane of the clay layer. 
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Comparisons of structural iron reduction in phyllosilicates by bacteria and dithionite 
Fabiana R. Ribeiro1, fabiana.dottori@gmail.com, Joel E. Kostka2, jkostka@ocean.fsu.edu, and Joseph W. Stucki1, jstucki@illinois.edu. (1) Department of Natural Resources and Environmental Sciences, University of Illinois, W-315 Turner Hall, 1102 South Goodwin Avenue, Urbana, IL 61801, Fax: 217-244-7805, (2) Department of Oceanography, Florida State University, Tallahassee, FL 32306 

The reduction of structural Fe in smectite may be mediated either abiotically, by reaction with dithionite, or biotically, by reaction with any of a number of dissimilatory Fe-reducing bacteria. The effects of abiotic reduction on clay surface chemistry are much better known than the effects of biotic reduction but some studies have suggested that the effects are different. For this reason and because bacteria are likely the principal agent for mediating redox processes in natural soils and sediments, reliance on the effects of abiotic reduction to predict the effects of biotic reduction may be in doubt. The purpose of this study was to compare the effects of dithionite (abiotic) and bacteria (biotic) reduction of structural Fe in smectites on the clay structure, using infrared spectroscopy, variable-temperature Mössbauer spectroscopy, and magnetic susceptibility. Three model clay systems were selected in which the total amount and distribution of Fe in the clay structure varied. Results indicated that bacterial reduction of Fe modifies the crystal structures of Fe-bearing smectites, but the overall effects are modest and of about the same extent as dithionite at similar levels of reduction. Upon reoxidation, the clay properties were largely returned to their unreduced states. No extensive changes in clay structure were, therefore, observed under conditions present in these model systems. 
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Microbe-clay mineral interactions and implications for environmental remediation 
Hailiang Dong, dongh@muohio.edu, Department of Geology, Miami University, 114 Shideler Hall, Oxford, OH 45056, Fax: 513-529-1542, Deb Jaisi, deb.jaisi@yale.edu, Department of Geology and Geophysics, Yale University, New Haven, CT 06511, Gengxin Zhang, zhangg@ornl.gov, Oak Ridge National Laboratory, Oak Ridge, TN 37831, and Jin-Wook Kim, jinwook@yonsei.ac.kr, Yonsei University, Seoul, South Korea 

Clay minerals are common components in soils, sediments, and sedimentary rocks. They play an important role in many environmental processes. The oxidation state of the structural iron in clay minerals impact physical and chemical properties of these minerals. The structural ferric iron in clay minerals can be reduced either chemically or biologically. Multiple clay minerals have been used for microbe-clay mineral interaction studies and they are reducible by microorganisms under various conditions with smectite (nontronite) being the most reducible, and illite the least. The reduction extent and rate of ferric iron in clay minerals are measured by many techniques. Microbially reduced smectites have been found to be reactive in degrading a variety of organic contaminants and in immobilizing heavy metals. The mechanisms of microbial reduction of ferric iron in clay minerals are still poorly understood. Both the solid-state and reductive dissolution mechanisms have been proposed, depending on experimental conditions used. 
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Separation of iron-bearing phyllosilicate and iron oxide phases in sediments for microbial reduction studies 
Tao Wu, twu6@wisc.edu, Department of Geology and Geophysics, University of Wisconsin-Madison, 1215 West Dayton Street, Madison, WI 53706, Eric E. Roden, eroden@geology.wisc.edu, Department of Geology and Geophysics, University of Wisconsin – Madison, Madison, WI 53706, and Huifang Xu, hfxu@geology.wisc.edu, Department of Geology and Geophysics, and Materials Science Program, University of Wisconsin - Madison, Madison, WI 53706 

The goal of our research is to compare and quantify experimentally the kinetics of Fe-bearing phyllosilicate versus iron oxide reduction in natural sediments. A key first step of this goal is to separate phyllosilicate and iron oxide phases in order to permit experimentation with each phase in isolation. Ammonium oxalate in the presence of a small amount of Fe(II) was used to extract both amorphous and crystalline iron oxides without changing the redox state of phyllosilicates. However, it destroyed the structure of Fe-bearing phyllosilicates. The degree of damage increased with time during extraction. In contrast, citrate-bicarbonate-dithionite (CBD) extraction followed by reoxidation with hydrogen peroxide led to minimal alteration of phyllosilicates structures. This procedure was therefore adopted to isolate Fe-bearing phyllosilicates for microbial reduction experiments. Studies are underway to examine the rate and extent of natural phyllosilicate reduction in the presence and absence of synthetic Fe(III) oxide (nanophase goethite). 
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Microorganisms involved in iron redox cycling in smectite 
Evgenya Shelobolina, shelobolina@wisc.edu and Eric E. Roden, eroden@geology.wisc.edu, Department of Geology and Geophysics, University of Wisconsin – Madison, 1215 W. Dayton St., Madison, WI 53706, Fax: 608-262-0693 

An important property of structural iron in Fe-bearing smectite is its ability to change valence without being mobilized (i.e. dissolved and reprecipitated) for extended number of cycles. In order to identify microbial agents responsible for iron redox cycling in phyllosilicates microbial MPN counts and Fe(III)-reducing and Fe(II)-oxidizing enrichment cultures were established using a subsoil from a site near Madison, WI as a source. The soil is rich in iron-bearing smectite and shows evidence of redoximorphic features. The enumeration of microorganisms showed 10-100 fold higher efficiency of phyllosilicates (nontronite, biotite) over Fe(III) hydroxide and soluble Fe(II) for recovery of Fe(III)-reducing and Fe(II)-oxidizing microorganisms respectively. 16S rDNA clone libraries were established from 1% enrichment cultures on biotite vs soluble Fe(II) and on nontronite vs Fe(III)hydroxide. Comparison of microbial populations enriched from subsoil using phyllosilicates vs traditional iron sources demonstrates specificity of microbial agents involved in iron redox cycling in phyllosilicates. 
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Long-term biostimulation in uranium-contaminated iron-rich saprolite, followed by reoxidation 
Gengxin Zhang, zhangg@ornl.gov, Oak Ridge National Laboratory, PO Box 2008 MS6038, Oak Ridge, TN 37831-6038, John M. Senko, senko@uakron.edu, Department of Geology and Environmental Science, The University of Akron, Akron, OH 44325, K. M. Kemner, kemner@anl.gov, Environmental Research Division, Argonne National Laboratory, Argonne, IL 60439, and William D. Burgos, wdb3@psu.edu, Department of Civil and Environmental Engineering, The Pennsylvania State University, 212 Sackett Bldg, University Park, PA 16801 

Flow-through column experiments were conducted with uranium-contaminated, iron-rich saprolite from Area 2 of the Oak Ridge, TN Field Research Center. Artificial groundwater (AGW) solutions were pumped at slow rates (hydrologic residence times of 50 days) for 650 days to study the biostimulation of uranium reductive precipitation. The AGW contained the major dissolved constituents in groundwater upgradient of Area 2, including nitrate, sulfate and variable concentrations of ethanol as an electron donor (0, 1 and 10 mM). For all biostimulation experiments, after 50 days and regardless of ethanol concentration, effluent concentrations of nitrate, sulfate and U(VI) were all essentially below their respective detection limits, while effluent concentrations of Fe(II) were fairly steady (ca. 0.5 – 1.5 mM). After 650 days, one of the two duplicate columns maintained for each ethanol concentration was sacrificed for deconstruction. Bioreduced sediments were analyzed by wet chemical extractions, electron microscopy, X-ray absorption spectroscopy, and DNA-based molecular biological techniques. The remaining single replicate columns were subject to reoxidation using aerated AGW (no ethanol, no nitrate) for 50 days (hydrologic residence times of 2 days). Neither oxygen or U(VI) ever exited the columns under these conditions. Nitrate was then added to the aerated AGW and effluent U(VI) and sulfate concentrations immediately increased. Oxygen still never exited the columns but nitrite and nitrate did. Our results suggest that nitrate-dependent U(IV) oxidation was important in mobilizing U(VI) from biostimulated sediments. 
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