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Water reuse for ecosystem support 
Martin Reinhard, reinhard@stanford.edu, Department of Civil and Environmental Engineering, Stanford University, Stanford, CA 94305-4020, Fax: 650-723-7058 

The growing shortage of water forces communities to increasingly rely on degraded sources, such as urban and agricultural runoff, saline and treated wastewater. The for human and ecotoxicological health issues drive the regulatory process and often adversely impact public acceptance of recycled water. These concerns stem mainly from the presence of potentially hazardous trace organic compounds in the product water. Most of the water contaminants that have been identified over the past years are not included in a regulatory framework and therefore called “emerging” contaminants. Initial research has focused on identifying these compounds in effluents and surface and groundwaters impacted by wastewater effluents and is now progressing towards documenting removal processes during treatment and in the environmental. Emerging contaminants are structurally diverse and include surfactant residues, pharmaceuticals and personal care products. Most of these compounds are relatively polar and water-soluble and their environmental behavior is largely controlled by their susceptibility to photo- and biotransformation. Natural attenuation of three pharmaceuticals, gemfibrozil, ibuprofen, and naproxen and alkylphenol ethoxylate metabolites was studied along a 12-km stretch of a California River. Removals ranged from 50% for the alkylphenol metabolites to 100% for naproxen. From laboratory experiments removal through bio- or phototransformation was inferred. In a similar study, the discharge of perfluorinated surfactant residues, predominantly perfluorooctanoate (PFOA) and perfluorooctanesulfonate (PFOS) though wastewater effluents was investigated. These compounds are refractory and difficult to remove through conventional treatment and bioaccumulative. Because ecotoxicological effects are poorly understood, the presence of perfluorochemical in recycled water requires evaluation. 
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Antibiotics at environmental interfaces studied by nonlinear optics 
Franz M. Geiger and Patrick L. Hayes, Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208, Fax: 847-491-7713 

It is now known that the untreated discharge of pharmaceuticals into the environment can impact human health and development and lead to increased drug resistance in biota. Here, we present the first direct interface-specific studies that address the mobility of the widely used agricultural antibiotic morantel which is commonly present in farm runoff. Surface-bound morantel was spectroscopically identified using second harmonic generation (SHG) via a two-photon resonance of its n-p* transition, and in the C-H stretching region by vibrational sum frequency generation (VSFG). Resonantly enhanced SHG adsorption isotherm measurements carried out at the silica/water interface between 6x10-7 and 5x10-5 M morantel concentration result in a free energy of adsorption of 42(2) kJ/mol at pH 7. Finally, real-time tracking of morantel interaction with the silica/water interface shows that the binding events are fully reversible, consistent with its high mobility in silica-rich soil environments. This work thus indicates that pharmaceuticals discharged into the environment can enter the ground water supply of municipal water systems, at which point their removal is challenging. In addition, the high mobility of morantel in silica-rich soil environments could lead to increased interaction of this antibiotic with target organisms, which could respond by increased drug resistance. New results regarding the antibiotic oxytetracycline are presented as well. 
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Factors controlling the adsorption on effluent-derived pharmaceuticals on mineral surfaces 
David M. Cwiertny, dcwiertny@engr.ucr.edu and Shen Qu, Department of Chemical and Environmental Engineering, University of California, Riverside, A242 Bourns Hall, Riverside, CA 92521, Fax: 951-827-5696 

Recently, an array of pharmaceuticals and personal care products have been detected in the effluent of wastewater treatment facilities, calling into question the use of reclaimed water for indirect potable reuse. Here, we explore the role that adsorption to mineral surfaces plays in the fate of several commonly detected effluent-derived pharmaceuticals, lending insight to the fate of such contaminants in underground storage and recovery operations that use reclaimed water. For pharmaceuticals with ionic character, adsorption isotherms and pH-edge experiments are consistent with electrostatics governing pharmaceutical uptake on metal oxides typically found in soil and aquifer material (e.g., Si, Al, Fe, Mn, and Ti). Generally, adsorption was limited on pristine mineral surfaces, but increased substantially in the presence of surfactants, species also commonly encountered in reclaimed water. For non-ionic pharmaceuticals, this enhanced uptake results entirely from organic interactions with the hydrophobic tails of surfactant coatings on mineral surfaces. For ionic species, on the other hand, enhanced adsorption also arises from the ability of surfactants to alter the net charge of the mineral surface. Ongoing work is exploring the influence of natural organic matter on pharmaceutical uptake and the impact that changes in the prevailing redox state have on the retention of adsorbed species. Collectively, our results demonstrate that although pristine mineral surfaces are somewhat limited in their interactions with pharmaceuticals, their alteration with organic matter can considerably increase their ability to retain such species in subsurface storage and treatment systems. 
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Mechanism for adsorption of Lincomycin from water by clay minerals 
Cuiping Wang, crisping@msu.edu, Jason Y. Ding, Brian J. Teppen, Stephen A. Boyd, and Hui Li, Department of Crop and Soil Sciences, Michigan State University, East Lansing, MI 48824 

Lincomycin is an antibiotic widely administered as human and veterinary medicine for disease treatment and prevention. Wide detection of Lincomycin in soil, water, and effluents of wastewater treatment plants along with the growing concern of potential adverse effects on ecosystem require a clear understanding of environmental fate in aqueous soil systems. In this study, we investigated the sorption of Lincomycin by several clays saturated with different exchangeable cations from aqueous solutions varying in pH and ionic strength. Lincomycin sorption was observed to a much greater extent at pH < pKa due to the high selectivity of organic over inorganic cation. The affinities of Lincomycin for clay minerals increased in the order of kaolinite < SAz-1 < SWy-2 < SapCa-2, which is dependent on clay surface areas and charge sources. The presence of CaCl2 ionic strength suppressed Lincomycin sorption indicating the competition between Ca2+ and Lincomycin for the adsorptive sites. Greater sorption was observed for the less hydrated exchangeable cations i.e., Cs+ vs. Ca2+ and K+ in clay interlayers. X-ray diffraction patterns of smectites reveal that Lincomycin was intercalated in clay interlayers. The results present here suggest cation exchange process is the dominant mechanism responsible for retention of Lincomycin by clay minerals. 
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Elucidating the fate of ultraviolet filter chemicals in the aquatic environment 
Jacob Klein1, Michelle Wu1, Monica L Tse2, and Laura A MacManus-Spencer1, macmanul@union.edu. (1) Department of Chemistry, Union College, 807 Union Street, Schenectady, NY 12308, (2) Union College, Schenectady, NY 12308 

In order to make educated decisions about the use of reclaimed wastewater, it is imperative to understand the environmental fate of pharmaceuticals and personal care products (PPCPs) that are not fully removed in the treatment process. One class of PPCPs that is of current concern comprises ultraviolet filter chemicals (UVFCs), used in sunblock, lip balm, and many other personal care products to absorb and dissipate UV radiation. In this study, both the photochemical degradation and sediment sorption of three UVFCs, octinoxate, oxybenzone, and homosalate, were investigated. Photodegradation experiments were conducted in natural and simulated sunlight to determine quantum yields, environmental half-lives, and the relative importance of direct and indirect photodegradation. In the case of octinoxate, degradation products were characterized by HPLC and GC-MS. In addition, batch sorption experiments were conducted to determine the strength and kinetics of sorption of the UVFCs to characterized sediments from two local rivers. 
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Reactivity of bisphenol-A with free chlorine in the presence of iodide and bromide 
E. Matthew Fiss and Peter J. Vikesland, pvikes@vt.edu, Department of Civil and Environmental Engineering, Virginia Polytechnic Institute and State University, 418 Durham Hall, Blacksburg, VA 24061 

Renewed concerns have been raised about the release of bisphenol-A from consumer plastics and the subsequent consumption of this potential carcinogen. In this study, we characterized the reactivity of bisphenol-A with free chlorine in the presence and absence of iodide and bromide. These ubiquitous salts rapidly react with free chlorine to produce iodinated and brominated oxidants that are much more reactive than free chlorine itself. Our results suggest that bisphenol-A rapidly degrades in the presence of free chlorine and that the reaction rate approaches diffusion limited kinetics when sufficient iodide and bromide are available at circumneutral pH values. The results obtained with bisphenol-A will be compared to those for other phenolic compounds and general reactivity trends will be discussed. 
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Removal of pharmaceutical pollutants via solar photolysis and sludge digestion 
Christopher C. Ryan, ryan0347@umn.edu, David Diehl, diehl043@umn.edu, and William A. Arnold, arnol032@tc.umn.edu, Department of Civil Engineering, University of Minnesota, 500 Pillsbury Dr. SE, Minneapolis, MN 55455 

Synthetic organic chemicals at trace levels, including pharmaceutical compounds, have recently made the national spotlight because of their widespread detection in municipal drinking water supplies. The dominant source of many of the human pharmaceuticals is often the discharge from wastewater treatment plants. Processes within these plants are currently unable to adequately remove these trace level contaminants. Ideally, a low cost, low maintenance strategy should be used to remedy this problem. The focus of this presentation is to examine two simple strategies that could be added to current wastewater treatment plants to further degrade trace levels of antibiotic compounds. Investigations include using passive solar treatment in a retention pond to degrade antibiotic compounds in the effluent from a treatment plant before final discharge and using aerobic and anaerobic digestion to degrade antibiotic compounds in the waste solids before final disposal. 

ENVR 59 

Comparison of estrogen degradation under various wastewater treatment schemes 
LeeAnn Racz, leeann.racz@utah.edu and Ramesh Goel, rgoel@civil.utah.edu, Civil and Environmental Engineering, University of Utah, Suite 104, 122 S. Central Campus Drive, Salt Lake City, UT 84112-0610 

Natural and synthetic estrogens are some of the most potent endocrine disrupting compounds found in wastewater. These compounds have been linked to reproductive effects in aquatic species and, although controversial, also been suggested as associated with human health effects. This presentation will discuss the mechanisms of estrogen degradation in wastewater treatment plants and will compare such degradations under two treatment schemes. Furthermore, as much effort has been focused on studying nitrifying biomass as a means to degrade estrogens, we will discuss some of the unique challenges to studying this medium. Specifically, we will discuss problematic laboratory techniques used to introduce and analyze estrogens in a bioreactor, and will offer solutions to these problems.
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