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Acid promoted Cr(VI) attenuation in contaminated sediments 
Nikolla P. Qafoku1, nik.qafoku@pnl.gov, P. Evan Dresel2, Eugene S. Ilton3, Eugene.Ilton@pnl.gov, James P. McKinley4, james.mckinley@pnl.gov, Ravi K. Kukkadapu5, Ravi.Kukkadapu@pnl.gov, and CT. Resch2, tom.resch@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) Pacific Northwest National Laboratory, Richland, WA 99352, (3) Chemical and Materials Sciences Division, Pacific Northwest National Laboratory, Richland, WA 99352, (4) Environmental Dynamics and Simulation Group, Pacific Northwest National Laboratory, Richland, WA 99352, (5) Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, WA 99352 

The mobility of hexavalent Cr [Cr(VI)] may be different in sediments exposed to a mixture of Cr(VI) contaminated and acid waste fluids. A series of extractions and column experiments were conducted to determine the leaching characteristics of Cr(VI) under these conditions, characterize sediment contamination and elucidate possible attenuation mechanism(s) of Cr(VI) retention through the use of extraction techniques and microscale characterization studies. The results demonstrated that Cr was strongly bounded to the sediments. XPS measurements confirmed that both Cr(VI) and Cr(III) were present in the sediments. Fe(III) was predominant but sediments had an appreciable Fe(II) component [Fe(II)/Fetotal = 0.14 – 0.20]. The Cr(III)2p binding energies suggested Cr(III)-oxyhydroxide and not Cr2O3. Mössbauer spectroscopy measurements suggested sediment had an appreciable Fe(II) component. Most likely, sorbed, structural and/or aqueous Fe(II) released as a result of Fe(II)-bearing mineral dissolution, which was promoted under acidic conditions, may have been involved in redox reactions with aqueous Cr(VI). 
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DFT studies of Cr(VI) complex adsorption on hydroxylated hematite (1-102) surfaces 
Shuxia Yin, shuxia-yin@northwestern.edu and Don E. Ellis, don-ellis@northwestern.edu, Institute for Environmental Catalysis, Northwestern University, Department of Physics and Astronomy, Evanston, IL 60208 

The adsorption structures of Cr(VI) species on hydroxylated α-Fe2O3(1-102) were investigated using density functional theory within a periodic slab model. A broad structural survey of H2CrO4, HCrO4 and CrO4 adsorbed on different surface sites was carried out. Chromate species adsorb on the hydroxylated surface via an outersphere mechanism through H-bonding and ion-dipole attraction. The most stable structure for H2CrO4 reveals strong H-bonding to surface and between adsorbates. For HCrO4, a configuration that shows both H-bonding and Cr-O…H-O-Fe ion-dipole interaction is the most favored. In the case of CrO4, the most favored adsorption configuration shows the complex standing on the surface with a Cr-O bond aligned on OH, presenting the strongest Cr-O…H-O-Fe interaction. In these three species, CrO4 displays the strongest interaction with the hydroxylated (1-102) surface with no tendency toward reduction observed, in accordance with experiment. 
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A novel pervious cement reaction barrier (PCRB) in situ arsenic remediation system 
Morgan L. Jones, morgan.jones@wku.edu, Department of Chemistry, Western Kentucy University, 1 Big Red Way, Bowling Green, KY 42101 

Remediation of Superfund hazardous wastes sites with contaminated groundwater is a key research area. The sheer complexity of the subsurface environment, coupled with the unique characteristics and challenges of each site make it advisable to tailor remediation technologies to site-specific remediation needs. We examined a pervious cement reactive barrier system (PCRB) in which the modifier is incorporated directly into the matrix pervious cement barrier. As the groundwater flows through the barrier, contaminants will be trapped and/or modified, thereby reducing the contaminant plume and the necessity for further treatment. Such a system will require little or no active maintenance; furthermore, characterization of contaminants at the site would allow the PCRB to be “tailored” to specific characteristics. Our primary contaminants of interest are arsenic and mercury. This project used batch, column, and adsorption experiments to evaluate and model the adsorptive capacity of the PCRB for arsenic and mercury uptake. The total absorptive capacity of a PCRB was determined from the breakthrough of arsenic and mercury from column adsorption. This will form the basis for future studies, wherein we can scale the process up to assess construction and engineering constraints and to determine whether it is feasible in the field. 
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Diel variations in particulate Hg and other trace metals in a temperate wetland, Farmington Bay, Utah 
Gregory T. Carling1, greg.carling@utah.edu, William P. Johnson1, William.Johnson@utah.edu, and David Naftz2, dlnaftz@usgs.gov. (1) Department of Geology and Geophysics, University of Utah, 135 South 1460 East, Salt Lake City, UT 84112, (2) Water Resources Division, U.S. Geological Survey, Salt Lake City, UT 84119 

Total mercury, methyl mercury, other trace metals and field parameters were monitored for a 24 hr period at the upstream and downstream end of a pond located in a wetland complex adjacent to the Great Salt Lake, Utah, during August 20-21, 2008. Preliminary results indicate significant diel variations in the unfiltered mercury samples from both sampling sites but no diel variation in the filtered mercury samples, suggesting that the diel variation is driven by the particulate-bound phase of mercury. The upstream site shows afternoon/evening particulate total mercury maxima (4 ng/L corresponding to oxic conditions) are a factor of 2 times higher than the morning minima (2 ng/L corresponding to suboxic conditions). Somewhat higher (factor of 4) diel variations were observed at the downstream site. Other trace metals (Al, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn) also showed particulate-based diel variations of differing magnitude. This presentation will explore the possible reasons for these variations. 
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FeS-Coated Sand for Removal of Arsenic(III) Under Anaerobic Conditions: Comparison of Batch and Column Experiments 
Young-Soo Han, hankr@umich.edu, Department of Civil and Environmental Engineering, The University of Michigan, 1351 Beal Avenue, Ann Arbor, MI 48109-2125, Avery H. Demond, Department of Civil and Environmental Engineerng, The University of Michigan, Ann Arbor, MI 48109-2125, and Kim F. Hayes, ford@umich.edu, Department of Civil and Environmental Engineering, University of Michigan, Ann Arbor, MI 48109-2125 

Permeable reactive barriers (PRBs) containing reduced iron sulfides are being studied for the treatment of As(III)-contaminated groundwater under reducing subsurface conditions. Under anaerobic conditions, ferric iron oxide-based absorbents that are currently used in PRBs may release As(III) through reductive dissolution. Consequently this study has targeted an alternative reactive medium, FeS-coated sand, to remove As(III) under anaerobic conditions. To estimate the As(III) removal capacity of FeS-coated sand, sand coated with 1.4 ×10-5 mole FeS/g sand was tested in both batch and column reactors at pH 5, 7 and 9. The batch adsorption results indicate that different removal processes control the As(III) removal under the three different pH conditions. Precipitation and adsorption are the main process of As(III) uptake at pH 5 and pH 9, respectively. Also, the removal of As(III) was greatest at pH 5 and decreased with an increase in pH. This trend was also apparent in the column tests. However, the column-obtained As(III) capacities are lower than those of batch-obtained ones and these discrepancies are more prominent at higher pH, which is dominantly controlled by adsorption process. These discrepancies may be attributed to the kinetic limitation or the significantly higher solid/solution ratio in the packed porous media. 
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Heavy metal and arsenic sorption to nano-iron oxides 
Heather J. Shipley, heather.shipley@utsa.edu and Karen Engates, Civil and Environmental Engineering, University of Texas-San Antonio, One UTSA Circle, San Antonio, TX 78249, Fax: 210-458-6475 

In this work, the sorption of metals to hematite nanoparticles was examined along with the adsorption of arsenic to magnetite nanoparticles for potential use as water treatment and remediation technologies due to their increased surface area. Batch adsorption and desorption experiments were conducted with 0.1 g/L and 0.5 g/L hematite nanoparticles. pH-dependent adsorption results showed greater than 95% removal of Pb2+ and Hg2+. Desorption experiments showed that Pb2+ and Cd2+ appeared to be irreversibly sorbed to the surface of the hematite nanoparticles at the same solution conditions. 

A column study was conducted using magnetite nanoparticles mixed with soil with an electrolyte solution containing 100 g/L arsenate. In long term studies, arsenic breakthrough did not occur for 122 days and eventually reached about 20%. Arsenic speciation was tested; the influent was 99% arsenate when the effluent was tested only 12.7% was arsenate and 89.3% was arsenite. Therefore, the arsenate solution reduced to arsenite in the column; it appears upon adsorption to the magnetite nanoparticles a change in the speciation of arsenic occurs. 
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Mercury sorption to river sediments from the Hillsborough river: Potential impacts from climate change 
Maya A. Trotz1, matrotz@eng.usf.edu, Joniqua Howard1, jahowar2@mail.usf.edu, Amy Stuart2, astuart@hsc.usf.edu, and Fenda Akiwumi3, fakiwumi@cas.usf.edu. (1) Department of Civil & Environmental Engineering, University of South Florida, 4202 E. Fowler Avenue, ENB 118, University of South Florida, Tampa, FL 33620, (2) Department of Environmental & Occupational Health, and Department of Civil and Environmental Engineering, University of South Florida, Tampa, FL 33612, (3) Department of Geography, University of South Florida, Tampa, FL 33620 

An interdisciplinary university initiative focusing on mercury occurrence along the Hillsborough River and fish consumption patterns amongst local fishers found Hg concentrations in fish ranging from 0.03 to 0.97 mg/kg wet weight with 86% of all of the fish (n=38) having loadings that would warrant a fish advisory and 32% having loadings that should limit consumption to once per month. Despite these numbers no warnings exist at any of the state parks along the river where fisher folk do consume their catch. In addition to temperature and CO2 changes that would affect most aquatic systems, climate change predictions suggest that parts of the study area will also suffer from significant salinity changes. Mercury sorption to river sediments and colloids plays a role in mercury cycling and this study uses sediments from the Hillsborough river to determine the sorption behavior of mercury under varying conditions of salinity, temperature and CO2. 
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Potential error and uncertainty in uranium speciation calculations 
JJ Leavitt, janet_j_garcia@yahoo.com, Dept. Civil Engineering, University of New Mexico, Albuquerque, NM 87131, and SE Cabaniss, cabaniss@unm.edu, Chemistry and Biological Chemistry, University of New Mexico, Albuquerque, NM 87131 

The nuclear mining and processing industry in the western US has created a number of contaminated surface and sub-surface sites where uranium potentially may intrude upon water sources and food supplies. Remediation and management of these sites relies upon both measurement and predictive modeling of uranium speciation and transport. In turn, thermodynamic speciation calculations rely on good quality thermodynamic and analytical data. 

This work examines error and uncertainty in uranium speciation in typical alkaline groundwater samples due to four distinct causes: 1) Choice of speciation program and algorithm, including choice of corrections for ionic strength and temperature in MINTEQA2 and PHREEQc, 2) Choice of thermodynamic database, in particular the potential for error due to using older U and non-U data instead of NEA values, 3) Omitted measurements, e.g. the decision not to measure metals or ligands which do not directly bind to uranium, and 4) Uncertainty propagation from both thermodynamic and analytical data, which will be examined by Monte Carlo simulations.
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Selenium loading versus removal via sedimentation and volatilization from the Great Salt Lake, Utah 
Ximena Diaz, ximena.diaz@epn.edu.ec, Department of Extractive Metallurgy, Escuela Politécnica Nacional, Quito, Ecuador, Wade Oliver, wadeoliver@gmail.com, Geology & Geophysics, University of Utah, Salt Lake City, UT 84112, David Naftz, dlnaftz@usgs.gov, Water Resources Division, U.S. Geological Survey, Salt Lake City, UT 84119, William P. Johnson, William.Johnson@utah.edu, Department of Geology and Geophysics, University of Utah, 135 South 1460 East, Salt Lake City, UT 84112, and Christopher C. Fuller, Water Resources Division, U.S. Geological Survey -, Menlo Park, CA 94025 

Volatilization and sedimentation of Se from the Great Salt Lake were estimated in recent field studies in the south arm (main body) of the Great Salt Lake. Volatile Se was collected in a cryo-focusing trap system via sparging with helium, and flux to the atmosphere was estimated using mass transport models, resulting in an estimated range of annual flux from 970 Kg Se/yr to 2,180 Kg Se/yr within the 68% confidence interval. Se sedimentation rates were estimated from sediment cores using 210Pb, 226Ra, 7Be, and 137Cs activity. The spatially integrated Se sedimentation rate ranged between 43 and 1025 Kg/yr. The combined removal flows (sedimentation and volatilization) totaled to a geometric mean value of 1,980 Kg Se/yr; whereas, total Se loads (via runoff) were about 1,500 Kg Se/yr. Surprisingly, the measured total Se concentration increased during the period of the study, indicating that the removal processes operate at their low estimated rates, and/or there are unmeasured selenium loads entering the lake. 
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Study of Hg transformation using stable isotope tracer in combination with aqueous phenylation–purge and trap–GC–ICP–MS 
Yuxiang Mao, yuxiang.mao@fiu.edu and Yong Cai, cai@fiu.edu, Department of Chemistry and Biochemistry, Florida International University, 11200 SW 8th Street, Miami, FL 33199 

Ethylmercury has been reported to be present in sediments of several wetlands. However, little is known about the mechanisms. In this study, sediment samples of the Florida Everglades were spiked with enriched 199Hg and incubated under aerobic and anaerobic conditions with or without inhibition of microbial activity. Aqueous phase phenylation was used as the derivatization method, providing a possibility of tracing methylation and ethylation of Hg simultaneously. The results showed that MeHg was mainly produced under anaerobic condition, due to the activity of microbes. The initial methylation rate was tested to be 1.30 ± 0.36%. Methylation without the presence of microbes was also observed, but at much lowers yields. Ethylation of Hg was not observed under the conditions used in this study, indicating different mechanisms may be involved in comparison to methylation. Further incubation experiment using sediment amended with tetraethyl lead was also conducted in order to understand the occurrence of ethylmercury in the Florida Everglades. 
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Using surface complexation models to quantify the impact of adsorption on reactive solute transport observed in field experiments 
Douglas B. Kent1, dbkent@usgs.gov, Gary P. Curtis1, gpcurtis@usgs.gov, James A Davis1, jadavis@usgs.gov, Gillian M. Fairchild2, gfairchi@usgs.gov, Denis R. LeBlanc2, dleblanc@usgs.gov, and Richard L. Smith3, rlsmith@usgs.gov. (1) U. S. Geological Survey, 345 Middlefield Rd., MS 465, Menlo Park, CA 94025, Fax: 650-329-4545, (2) U. S. Geological Survey, Northborough, MA 01532, (3) U. S. Geological Survey, Boulder, CO 80303 

Surface complexation models (SCMs) can be used to quantify the impact of adsorption on metal-ion transport in groundwater under variable chemical conditions. An SCM calibrated by using laboratory experimental data on site-specific sediments predicted the principal trends observed in experiments that examined the transport of nickel and other metal ions in mildly acidic groundwater. Results of experiments in different geochemical zones illustrate the importance of chemical heterogeneity on metal-ion transport. Laboratory studies of phosphate and arsenate adsorption on sediments are consistent with the mobilization of naturally occurring arsenic by phosphate, as was observed in field experiments. We are examining the capability of laboratory-calibrated SCMs to quantify phosphate-arsenate competitive adsorption during transport. Field experiments examining denitrification coupled to iron(II) oxidation illustrate how SCMs can be incorporated into the network of reactions required to describe biological and geochemical processes influencing nitrate, iron, phosphate, and arsenic mobility under variable redox conditions. 
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Effects of salinity on the aggregation, composition, and sorption capacity of humic acid 
Luis Carlos González-Márquez, lcgm@gmail.com, University of Bath, Paseo Cuauhnáhuac 8532, 62550 Jiutepec, Morelos, Mexico, Anne Hansen, ahansen@tlaloc.imta.mx, Instituto Mexicano de Tecnología del Agua (IMTA), Jiutepec 62550, Mexico, and James O. Leckie, Department of Civil and Environmental Engineering, School of Engineering, Stanford University, Stanford, CA 94305-4020 

The effects of salinity on the aggregation and composition of Aldrich Humic Acid (HA), as well as on the sorption of atrazine were investigated. The HA was treated with 1, 10 and 100 mM NaCl + CaCl2 (5:1 molar base) at pH 8.5. The conformation and composition were characterized by Atomic Force Microscopy (AFM), Transmission Electron Microscopy (TEM) and Fourier transform infrared, respectively. AFM and TEM images showed an increase in the aggregation of the HA as salinity increased. FTIR spectra reveled that changes in the aggregation of the HA were principally due to the formation of bridged interactions between calcium and carboxylate groups in the HA. The adsorption of atrazine was inhibited as salinity increased, principally due to a decrease in concentration of available adsorption sites. 
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Scenarios of desorption of metals due to resuspension of sediments 
Anne Hansen, ahansen@tlaloc.imta.mx, Instituto Mexicano de Tecnología del Agua (IMTA), Paseo Cuauhnáhuac 8532, Jiutepec 62550, Mexico, and L. C. González-Márquez, Mexican Institute for Water Technology 

The Arcediano dam will catch water from the Verde and Santiago rivers to provide water to the city of Guadalajara, Mexico. In this study scenarios were formulated to estimate risks of polluting water to be collected in the dam due to release of contaminants from sediments. Chrome, copper, and zinc concentrations in river sediments exceeded the Canadian Interim Sediment Quality Guidelines while manganese and nickel exceeded the Probable Effect Level. Metals were mostly enriched in iron-containing minerals, followed by aluminum-containing clays and, to a lesser extent, by manganese oxides. Simulations using the chemical equilibrium model, PHREEQC, indicate that manganese and nickel may reach concentrations higher than the Mexican Criteria for Drinking Water Supply (CDWS). Under conditions of high accumulation of sediments in the dam, dissolved concentrations of lead and chrome may exceed the respective CDWS. Arsenic, copper, and mercury concentrations did not exceed the CDWS under the simulated conditions. 
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