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Hormones, pharmaceuticals, and other trace wastewater derived contaminants: Detection, fate, and environmental effects 
James L. Gray1, jlgray@usgs.gov, Alan M. Vajda2, Larry B. Barber1, Edward T. Furlong1, efurlong@usgs.gov, William T. Foreman1, wforeman@usgs.gov, Vicki Blazer1, Dana W. Kolpin3, dwkolpin@usgs.gov, and David O. Norris2. (1) National Water Quality Laboratory, U.S. Geological Survey, P.O. Box 25046, MS 407, DFC, Bldg. 95, Denver, CO 80225-0046, (2) University of Colorado, Boulder, (3) U.S. Geological Survey, Iowa City, IA 52244 

Recently, there has been considerable interest in the presence of wastewater-derived contaminants in natural waters due to their potential to induce biological effects at extremely low (ng/L) concentrations. Ongoing research at USGS has demonstrated the presence of diverse mixtures of these compounds in wastewater effluents and surface waters, especially in arid environments such as the U.S. southwest. Furthermore, we have observed abnormalities in fish living in affected waters that contain these contaminants in both Colorado (Boulder Creek) and the Potomac River watershed. There is little data to show negative human health implications associated with wastewater-derived contaminants. The increasing use of both direct and indirect potable reuse of wastewater makes their presence in drinking water sources an area of growing concern. 
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Passive sampler with direct spectral detection for rapid screening of waters for emerging contaminants 
Tohren C. G. Kibbey, kibbey@ou.edu, Lixia Chen, lxchen@ou.edu, and David A. Sabatini, sabatini@ou.edu, School of Civil Engineering and Environmental Science, The University of Oklahoma, Norman, OK 73019-1024, Fax: 405-325-4217 

Pharmaceutical and personal care product components, suspected endocrine disruptors, and other related compounds have received increased attention in recent years due to the potential risks they may hold for human and ecological health. Because many of these compounds may not be completely removed by water or wastewater treatment, they have the potential to find their way into a range of drinking water sources. This issue is of particular concern for applications of water reclamation and reuse, where irrigation or direct aquifer recharge may cause contaminants to enter drinking water sources without sufficient time for natural attenuation processes to occur. An important component of evaluating risk is the ability to detect and quantify emerging contaminants in waters. Traditional methods for detection require complex extraction procedures and expensive analyses which must be conducted by highly-trained personnel. The purpose of this work was to develop a method for rapid, low-cost detection of endocrine disrupting chemicals (EDCs) in waters, for use as a screening tool. The method is based on an ultraviolet-transparent polymer which is immersed in the water of interest. EDCs and other compounds partition into the polymer where they are concentrated for rapid detection. The polymer spectrum is then measured and deconvoluted to determine the concentrations of all partitioned compounds. Using a low-cost fiber-optic spectrophotometer and consumer computing hardware, the deconvolution process can be completed within seconds. Results show the method is able to accurately quantify components of complex mixtures. Implications for environmental detection of EDCs and other emerging contaminants will be discussed. 
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Determination of pharmaceuticals identified as emerging pollutants by capillary electrophoresis with capacitively coupled contactless conductivity detection 
Sam F Y Li, chmlifys@nus.edu.sg, Department of Chemistry, National University of Singapore, 3 Science Drive 3, Singapore 117543, Singapore, Fax: 65-67791691 

The existence of pharmaceuticals in the aquatic environment has been attracting increasing attention due to the high lipophilicity, low biodegradability and potential harmful effects on human and wildlife of some of these compounds. In this paper, simultaneous separation of a group of pharmaceutical products by capillary electrophoresis (CE) with capacitively coupled contactless conductivity detection (C4D) was investigated. The parameters of the background electrolyte (BGE), such as pH, organic additives as well as types and concentrations of cyclodextrins (CDs) were studied. The optimal separation conditions were, limits of detections (LODs) and the relative standard deviations (RSDs) for migration time and peak area were determined. The usefulness of the method for biomedical and environmental analysis was demonstrated in the determination of pharmaceuticals classified as emerging pollutants in water samples. 
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Endocrine disrupting chemicals and other emerging contaminants in wastewater and drinking water treatment technologies 
Marc Mills, mills.marc@epamail.epa.gov, ORD/NRMRL, EPA, 26 W. Martin Luther King Dr, Cincinnati, OH 45268 

Research has shown that wastewater (WW) can be a significant source of endocrine disrupting chemicals (EDCs) and other Emerging Contaminants to the environment. WW treatment (WWT) may include centralized wastewater treatment plants (WWTPs) or smaller on-site WWT technologies. EDCs found in WWT effluents (aqueous and biosolids) include estrogenic and androgenic hormones, detergent metabolites, and plasticizers. Other emerging contaminants include a significant list of pharmaceuticals, personal care products, and other trace organic contaminants such as fluorinated chemicals, flame retardants, and antimicrobials. Many questions exist as to why WWTP have higher or lower removal efficiencies. Little research has been conducted to demonstrate how technology or plant operations contribute to the EDCs removal. The efficacy of the unit processes within WWTP and drinking water treatment plants (DWTP) are not well characterized. In addition, no significant research has been conducted to evaluate on-site WWT for the management of EDCs. One focus of NRMRL's EDCs research is to characterize the performance of existing risk management strategies. The results of this research program may be used to help WWT and DW operators understand the capability of their treatment technologies to manage EDCs and other emerging contaminants, how process variables and demographics influence performance, and how to improve the operation of their plants to minimize effluent levels of EDCs. In the future, if EPA concludes that EDCs or other emerging contaminants in effluents must be regulated, the Office of Water, state regulators, and facility operators will require performance information on conventional and innovative treatment to develop regulatory guidance. 
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Macro vs. micropollutants in impaired waters: What really matters? 
William A. Mitch, william.mitch@yale.edu, Department of Chemical Engineering, Yale University, 9 Hillhouse Avenue, Mason Lab 313b, New Haven, CT 06520, and Spencer S. Walse, spencer.walse@yale.edu, Environmental Engineering Program, Department of Chemical Engineering, Yale University, New Haven, CT 06511 

The presence of micropollutants within impaired waters has raised concerns for a variety of toxicity endpoints, including endocrine disruption. Although significant impairments from these compounds to human health have not yet been demonstrated, further research has targeted whether treatment processes, such as disinfection, convert these micropollutants to more potent toxicants. However, there is no a priori reason to suspect that an endocrine disruptor would convert to a potent carcinogen during disinfection. In addition, the low concentrations of the micropollutant precursors reduce the likelihood that any carcinogenic products would form in high concentrations. We turned our attention to transformation products of the more prevalent matrix components. Such research has been inhibited in pristine waters due to the lack of definition of humic substance precursors. However, the known structures of the biomolecular matrix associated with impaired waters enables the prediction of products likely to form in high concentrations. We developed an analytical method to examine transformation products of polypeptides. Applying these methods to disinfected impaired waters, we have demonstrated the occurrence of our predicted byproducts. To our knowledge, this is the first instance in which significant byproduct formation has been successfully predicted. 
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Evaluation of functional groups responsible for chloroform formation during water chlorination using compound specific isotope analysis 
William A. Arnold, arnol032@tc.umn.edu, Department of Civil Engineering, University of Minnesota, 500 Pillsbury Dr. SE, Minneapolis, MN 55455, Fax: 612-626-7750, Jakov Bolotin, Institute for Biogeochemistry and Pollutant Dynamics, ETH Zürich, Zurich, Switzerland, Urs von Gunten, vongunte@eawag.ch, Water Resources and Drinking Water, EAWAG, Duebendorf 8600, Switzerland, and Thomas B. Hofstetter, thomas.hofstetter@env.ethz.ch, Department of Environmental Sciences, Institute of Biogeochemistry and Pollutant Dynamics (IBP), Zurich CH-8092, Switzerland 

A complete understanding of the processes leading to disinfection byproducts (DBP) has the potential to optimize predictions of DBP formation and to lead to improved DBP control strategies. As a step towards this goal, we have used compound specific isotope analysis to monitor the δ13C signature of chloroform produced upon the chlorination of model compounds representing natural organic matter functional groups (resorcinol, acetylacetone, acetophenone, phenol, and 2,4,6-trichlorophenol) and a natural water sample. For each model compound, a different apparent kinetic isotope effect was found for chloroform formation. Normal isotope effects were found for resorcinol, acetylacetone, and acetophenone. For the two phenols, an inverse effect was found. Lake Zürich water also had a inverse effect, indicating that phenols are likely chloroform precursors in NOM. With additional effort, CSIA may provide mechanistic understanding of DBP formation from NOM and enhanced predictive capabilities beyond those allowed by current techniques.
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