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Extracellular biochemicals: Evolution's answer to the challenges posed by dissolved metal ions and mineral surfaces in soils 
Alan T. Stone, astone@jhu.edu, Zhi Shi, zshi4@jhu.edu, Nathan E. Boland, neboland@jhu.edu, and Phillip M. Flanders, flanders@jhu.edu, Department of Geography and Environmental Engineering, Johns Hopkins University, 313 Ames Hall, 3400 North Charles St, Baltimore, MD 21218, Fax: (410) 516-8996 

Plants, fungi, and bacteria release biochemicals into soil waters. Over geologic time, evolutionary pressures to fulfill specific biogeochemical tasks refine functional group identity and molecular structure. Many biochemicals are subject to hydrolysis, keto/enol exchange, lactone formation, and lactam formation. The synthetic chelating agents s-EDDA and ED3A undergo intramolecular nucleophilic attack by secondary amine groups to form six-membered ring lactams. This raises the possibility that phytosiderphores such as mugineic acid and avenic acid, which possess comparable secondary amines, also undergo lactamization. The quorum-quenching compound penicillic acid exists as both a lactone and an open, carboxylic acid form. Lactams and lactones don't form complexes with dissolved metal ions or adsorb onto mineral surfaces as readily as their open ring counterparts. Metal ion coordination and adsorption may, however, shift distributions toward open ring forms. Different soils are dominated by different soil mineral surfaces, affecting the efficacy of particular extracellular biochemicals. 


GEOC 141 

Surface complexation modeling of metal adsorption onto bacteria 
Jeremy B. Fein, fein@nd.edu, Civil Engineering and Geological Sciences, University of Notre Dame, 156 Fitzpatrick Hall, Notre Dame, IN 46556, Fax: 574-631-9236 

The adsorption of aqueous metals and radionuclides onto bacterial cell walls can affect the speciation, mobility, and bioavailability of these elements. Like mineral surfaces, bacteria contain specific sites that control metal adsorption, and therefore a surface complexation approach can be used to quantitatively model these interactions. A number of experimental and modeling approaches have been used to calibrate surface complexation models of metal adsorption onto bacterial cell walls and cell wall components. This talk will highlight the strengths and limitations of a number of the approaches used to study metal binding to cell walls, including bulk adsorption measurements, x-ray absorption spectroscopy, calorimetry, and molecular simulations. Despite the challenges that remain, we currently can use surface complexation models to demonstrate and quantify the role of bacterial metal adsorption as a key step in a number of metabolic processes, such as bacterial chemotaxis and some forms of metal reduction by bacteria. 


GEOC 142 

Dissolved and labile metal concentrations: Comparisons among thermodynamic speciation models and implications for biotic ligand models 
Laurie S. Balistrieri, balistri@usgs.gov, U.S. Geological Survey, School of Oceanography/University of Washington, Box 355351, Seattle, WA 98195, and Richard G. Blank, Geospiza, Seattle, WA 98119 

Biotic ligand models rely on calculation of the thermodynamic speciation of dissolved metals. Our study evaluates the robustness of these calculations by comparing maximum dynamic metal concentrations, determined from total dissolved metal concentrations and thermodynamic speciation calculations, with in-situ measurements using the diffusive gradients in thin films (DGT) technique for dissolved metals (Cd, Cu, Pb, and Zn) in aquatic systems affected by historical mining. Several metal/organic matter complexation models, including WHAM VI, NICA-Donnan, and Stockholm Humic Model (SHM), are used. The three models produced similar speciation results for Cd and Zn, but dramatically different results for Cu and Pb for the geochemical conditions at our field sites. Additional work in diverse aquatic systems that contain wide ranges in concentrations of multiple metals should incorporate analytical speciation methods to constrain the speciation component of biotic ligand models. 
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Biogeochemistry of plutonium transport 
Bruce D. Honeyman, honeyman@mines.edu, Colorado School of Mines, Golden, CO 80401, Ruth M. Tinnacher, Lawrence Livermore National Laboratory, Livermore, CA 94551, Angelique D. Diaz, Indoor Air, Toxics and Transportation Program, U.S. Environmental Protection Agency, Region 8, Denver, CO 80202, Cetin Kantar, Department of Environmental Engineering, Mersin University, Mersin 33343, Turkey, Ruth M. Sofield (Harper), Environmental Toxicology and Chemistry, Western Washington University, Bellingham, WA 98225, and Jeff Gillow, ARCADIS U.S., Inc, Highlands Ranch, CO 80129 

Understanding the behavior of plutonium in the environment has been a confounding problem: ‘A physicist's dream and an engineer's nightmare' (Siegfried Hecker). The low solubility of Pu species (10-13 – 10-8 M) coupled with a high sorption affinity suggests substantially limited Pu transport through saturated porous media. However, a limited set of field observations has shown Pu transport over km-length distances, albeit at relatively low concentrations. In this paper we describe some processes by which microbial activity has the potential of fostering the transport of Pu. These processes include the production of EPS by bacteria and ligand-promoted Pu transport and modification of mineral phases and sorbed Pu via microbial activity. 
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Field application of activated carbon amendment for in-situ stabilization of PCBs in sediment 
Richard G. Luthy1, luthy@stanford.edu, Yeo-Myoung Cho1, daybreak@stanford.edu, Upal Ghosh2, ughosh@umbc.edu, Alan J. Kennedy3, Alan.J.Kennedy@usace.army.mil, and Todd S. Bridges3, Todd.S.Bridges@erdc.usace.army.mil. (1) Department of Civil and Environmental Engineering, Stanford University, Yang & Yamazaki Environment & Energy Building, Stanford, CA 94305-4020, (2) Department of Civil and Environmental Engineering, University of Maryland Baltimore County, Baltimore, MD 21250, (3) Environmental Laboratory, ERDC-USACE, Vicksburg, MS 39180 

We report findings from a three-year field experiment at an inter-tidal mudflat in San Francisco Bay on the treatment of polychlorinated biphenyl (PCB)-contaminated sediment with activated carbon (AC). We find that PCB bioaccumulation in marine clams and PCB release to the aqueous phase are reduced for sediment treated with 2% to 3% AC. In comparison to prior laboratory studies with well-mixed sediment, limited contact between AC and sediment under field conditions slows mass transfer and the stabilization of PCBs. Still, the sequestration potential of AC was evident during the entire project period. The study revealed several field-related factors that can confound the results of in-situ bioassays. This points to the necessity of conducting complementary physicochemical tests and ex-situ bioassays so that the benefit of the in-situ treatment can be inferred independent of other factors. If ongoing PCB contaminant sources are eliminated and freshly deposited sediments are clean, in-situ AC amendment of contaminated sediments can provide a suitable method for reducing exposure to the water column and biota where the source of the contaminant is from within the sediment. 
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Association of metalloids with sediments and soils of managed urban watersheds in the US Southwest: Implications for water quality 
Alan C. Williams1, Alan.Williams@dri.edu, Tracy M. Boettcher2, Rebekah Harris-Burr2, and Charalambos Papelis3, Lambis.Papelis@dri.edu. (1) Division of Hydrologic Sciences, Desert Research Institute, 755 E. FLAMINGO RD, Las Vegas, NV 89119, Fax: 702-862-5427, (2) (3) Hydrologic Sciences Division, Desert Research Institute, 755 E. Flamingo Road, Las Vegas, NV 89119, Fax: 702-862-5427 

The concentration of metalloids, such as arsenic and selenium, is frequently elevated in soils of the U.S. Southwest. Interaction of these soils with sources of water in urban areas may result in elevated metalloid concentration in streams, wetlands, and other bodies of water used by wildlife. Consequently, these bodies of water may be considered as impaired because metalloid concentrations exceed wildlife exposure criteria, as opposed to drinking water standards. In the fast growing Southwest, increased population may lead to increased flows of storm water, urban runoff, shallow groundwater, treated wastewater, or other types of nuisance water. In addition, water management options may alter flows and exacerbate water quality problems. We discuss the association of metalloids with sediments and soils and the implications of water management on the water quality of watersheds in the metropolitan areas of Las Vegas, Nevada, and Phoenix, Arizona, using the metalloids arsenic and selenium as examples. 
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Surface speciation of aspartate and glutamate on titanium dioxide 
Caroline M. Jonsson1, cjonsson@ciw.edu, Christopher L. Jonsson1, cljonsson@ciw.edu, Dimitri A. Sverjensky1, sver@jhu.edu, H. James Cleaves II2, hjcleaves@ciw.edu, and Robert M. Hazen2, rhazen@ciw.edu. (1) Department of Earth and Planetary Sciences, Johns Hopkins University, Baltimore, MD 21218, (2) Geophysical Laboratory, Carnegie Institution of Washington, Washington, DC 20015 

In the origin of life, mineral surfaces may have played a role in the selection of amino acids that are essential building blocks of life. To understand the speciation and coordination chemistry of amino acids at mineral surfaces, we have studied the adsorption of aspartic and glutamic acid on the rutile form of titanium dioxide in electrolyte solutions as a function of pH, total concentration and ionic strength using potentiometric titrations and batch adsorption experiments. The coordination mode of the surface species was investigated using ATR-FTIR spectroscopy, and was shown to be dependent on environmental conditions. At high ligand to surface ratios, both aspartate and glutamate bind to the rutile surface predominantly through the gamma-carboxyl group in a standing up fashion. However, a second species in which the ligand is lying down at the surface involving both carboxyl groups is significant at low ligand to surface ratios.
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