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Comparison of extraction and derivatization methods for use in GC/MS analysis of endocrine-disrupting compounds in water 
Won-Seok Kim, wkim2@mail.usf.edu, Anh Do, atdo@mail.usf.edu, Daniel H. Yeh, dhyeh@eng.usf.edu, and Jeffrey A. Cunningham, cunning@eng.usf.edu, Department of Civil and Environmental Engineering, University of South Florida, 4202 East Fowler Ave, ENB 118, Tampa, FL 33620, Fax: 813-974-2957 

Two methods for extracting and concentrating analytes from aqueous samples prior to analysis by GC/MS are solid-phase extraction (SPE) and solid-phase microextraction (SPME). Both of these can be employed with chemical derivatization of the target analytes. When only small sample volumes are available, SPME is preferable to SPE. However, when larger sample volumes are available, it is not inherently clear which method provides a lower detection limit. Here, we consider the analysis of bisphenol-A (BPA) and 17β-estradiol (E2) in water samples. We determine the detection limits of these two target analytes as a function of sample volume when the samples are prepared by SPE. Then, by comparing those detection limits to the detection limits obtained with SPME, we determine which method is preferable depending on the sample volume available. We also compare two candidate derivatization agents, MSTFA and BSTFA, for the derivatization and analysis of BPA and E2. 
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Evaluation of chemically assisted MF and UF systems for PPCP removal 
Sandeep Sathyamoorthy, sandeep.sathyamoorthy@tufts.edu and C. Andrew Ramsburg, andrew.ramsburg@tufts.edu, Department of Civil and Environmental Engineering, Tufts University, 200 College Avenue, Room 113 Anderson Hall, Medford, MA 02155-5530 

The utility of membrane bioreactor (MBR) processes in water reuse systems arises from the typically long solids retention times associated with the removal of PPCPs. Removal of PPCPs and EDCs in MBR systems may result from biodegradation and sorption to solids present in the sludge and membrane cake layer. While MBRs are a viable process for removal of PPCPs, energy requirements for treatment of PPCPs using MBRs may present a challenge to broad application of this promising technology. Lower energy alternatives may include use of sequencing batch reactors with chemical addition prior to tertiary membrane filtration. Chemically assisted membrane filtration may result in PPCPs removal through attenuation in the membrane fouling layer that contains coagulant and organic matter. Here the removal of selected PPCPs through chemically enhanced microfiltration (MF) and ultrafiltration of clarified secondary and nitrification system wastewater effluents is examined in the context of removal and operating cost benefits. 
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Examination of the role of excited state triplet natural organic matter in the photodegradation of organic contaminants 
Kelly E. Daumit1, daumitk@seattleu.edu, Douglas E. Latch1, Courtney N. Goodwin1, James L. Gray2, jlgray@usgs.gov, and George R. Aiken3, graiken@usgs.gov. (1) Department of Chemistry, Seattle University, 901 12th Ave., Seattle, WA 98122, (2) National Water Quality Laboratory, U.S. Geological Survey, Denver, CO 80225-0046, (3) U.S. Geological Survey, Boulder, CO 80303 

We have performed experiments designed to elucidate photodegradation mechanisms for a set of sixteen steroid hormone pollutants known to affect the sexual maturation of aquatic organisms. We compared photodegradation rates for these hormonal pollutants in deionized water and in deionized water to which we added natural organic matter (NOM) isolated from the Suwannee River and the Florida Everglades. In another set of experiments, we added exogenous quenchers or removed endogenous quenchers to the NOM solutions and monitored their affect on photodegradation rates. Through these experiments, we have found that excited state triplet NOM mediates the indirect photolysis pathway. Model studies using synthetic sensitizers (e.g., perinaphthenone) with well-defined triplet energies confirmed that excited state triplets rapidly degraded the phenolic subset of hormonal pollutants. Purging dissolved oxygen, a potent triplet quencher, from systems containing either NOM or synthetic sensitizers increased photodegradation rates, which further supports triplet-mediated indirect photolysis mechanisms. By elucidating the reaction mechanisms for these compounds, we will improve our ability to determine reaction products and to estimate environmental half-lives. 
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Mechanisms of tolytriazole corrosion protection in cooling systems using secondary treated municipal wastewater as makeup water 
Ming-Kai Hsieh1, mingkaih@andrew.cmu.edu, Heng Li2, Shih-Hsiang Chien2, David A. Dzombak1, dzombak@cmu.edu, and Radisav Vidic2, vidic@engr.pitt.edu. (1) Department of Civil and Environmental Engineering, Carnegie Mellon University, 5000 Forbes Ave, Porter Hall 207C, Pittsburgh, PA 15213, (2) Department of Civil and Environmental Engineering, University of Pittsburgh 

Tolyltriazole (TTA) has been widely used as a corrosion inhibitor for heat exchanger copper alloy components in power plant cooling water systems. In this work the effectiveness of TTA protection mechanisms has been studied for the case of reuse of secondary treated municipal wastewater as makeup water. The kinetics and equilibrium state for TTA adsorption onto copper alloy in contact with secondary treated municipal wastewater are described. The electrochemical polarization resistance method was used to study the strength of TTA protection film. Preliminary results indicate that the protection film follows Langmuir adsorption isotherm behavior. The negative impact of ammonia in secondary treated wastewater on copper corrosion is not significant in the presence of TTA. The influence on corrosion of other operational parameters such as temperature, flow velocity, and oxidizing chemical concentration will also be discussed. 
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Mineral deposition in cooling systems when secondary municipal wastewater is used: Modeling, kinetics, and inhibition 
Heng Li1, liheng07@gmail.com, Radisav Vidic1, vidic@engr.pitt.edu, Ming-Kai Hsieh2, and David A. Dzombak2, dzombak@cmu.edu. (1) Department of Civil and Environmental Engineering, University of Pittsburgh, 3700 Ohara Street, 972 Benedum, Pittsburgh, PA 15217, Fax: 412-624-0135, (2) Department of Civil and Environmental Engineering, Carnegie Mellon University, Pittsburgh, PA 15213 

Water used for industrial cooling demands high quantity but relatively low quality. Reuse of treated municipal wastewaters for cooling can be a viable solution to serious water shortages in many parts of the world. Secondary treated municipal wastewater is typically characterized by low to moderate organic content and TSS content, but moderate to high content of common mineral ions. Under typical cooling tower operations involving elevated temperature and evaporative loss of water, mineral scaling is one of the primary concerns when reusing treated wastewater. Existing methods widely used in assessing scaling potentials of cooling water are reviewed. The results of applying multiple analytical and modeling tools to describe and predict the chemistry of secondary wastewater under simulated cooling conditions are presented. Mineral deposition and control through addition of inhibitors were studied employing both a bench-scale water recirculating system and a pilot-scale cooling tower. Some minor species typically present in the secondary wastewater (i.e., phosphate and ammonia) significantly affected calcium scaling via mechanisms involving coprecipitation or complexation. The interplay of the chemicals added for the concomitant control of corrosion and biofouling is also discussed. 
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Permanganate oxidation of pharmaceutically-active compounds in utility source waters: Kinetic model validation 
Heather M. Martin1, hmartin4@illinois.edu, Lanhua Hu2, lhu2@illinois.edu, and Timothy J. Strathmann2, strthmnn@illinois.edu. (1) Department of Civil and Environmental Engineering, University of Illinois at Urbana-Champaign, 205 North Mathews Avenue, Urbana, IL 61801, (2) Department of Civil and Environmental Engineering and Center of Advanced Materials for the Purification of Water with Systems, University of Illinois at Urbana-Champaign, Urbana, IL 61801 

A number of studies in recent years have detected pharmaceutical compounds in a variety of source waters, raising questions about the safety of the nation's drinking water supplies. As a result, there is growing interest in the effectiveness of drinking water treatment facility processes for removing these compounds, including processes that employ potassium permanganate (KMnO4). Permanganate is a strong oxidant commonly used in water treatment (e.g., Mn and Fe removal). Recent laboratory experiments show that KMnO4 oxidizes many important pharmaceutical compounds. In this report, the accuracy of kinetic models developed from laboratory experiments conducted with high reagent concentrations and well-defined solution conditions is validated in utility source waters at conditions representative of water treatment operations (e.g., mg/L KMnO4, ng/L-µg/L pharmaceutical). Experiments were conducted with a representative group of pharmaceutical compounds (carbamazepine, 17α-ethynyl estradiol, trimethoprim, and lincomycin) in diverse surface water sources (reservoirs, rivers) provided by several drinking water utilities. 
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Potential effect of micropollutant (TCEP) in reclaimed water for reuse purpose 
Xianghao Ren1, sanghoim74@hanmail.net, In S. Kim1, iskim@gist.ac.kr, YuJin Lee2, crony213@hanmail.net, and HoJae Han2, hjhan@chonnam.ac.kr. (1) Department of Environmental Science and Engineering, Gwangju Institute of Science and Technology, 261 Cheomdan-gwagiro(Oryong-dong), Buk-gu, Gwangju 500-712, South Korea, Fax: 82-62-970-2434, (2) Department of Veterinary Physiology, Chonnam National University, Gwangju 500-757, South Korea 

Reclaimed water has been an alternative way to overcome water scarcity. However, potential effect of micropollutants on ecosystem and human health has been rising in reclaimed water. Unfortunately, rare tools are available to investigate potential effect of these micropollutants at environmental concentrations (ng/L-µg/L). Ion and non-ion transportation is a typical function in renal proximal tubule cells (PTCs) and was used as marker function for investigating molecular level effect of tris-(2-chloroethyl)-phosphate (TCEP), an organophosphate flame retardant and one of typical micropollutants. The results showed that TCEP from 10 µg/L significantly inhibited cell viability, DNA synthesis, cell number, ion and non-ion transportation, and ion and non-ion transporter proteins in the PTCs. Thus, not only TCEP at environmental level has potential effect on ecosystem and human health, but also ion and non-ion transportation of primary cultured rabbit renal PTCs can be a useful tool for investigating potential effect of micropollutants in reclaimed water. 
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Quantifying pCBA radical chemistry: Kinetics of hydroxylated product formation and decay 
Stephen P. Mezyk1, smezyk@csulb.edu, Devin F. R. Doud1, devindoud@yahoo.com, Fernando Rosario-Ortiz2, Fernando.Rosario@Colorado.EDU, and Shane A. Snyder3, shane.snyder@snwa.com. (1) Department of Chemistry and Biochemistry, California State University at Long Beach, 1250 Bellflower Blvd, Long Beach, CA 90840, Fax: 562-985-8557, (2) Department of Civil, Environmental and Architectural Engineering, University of Colorado, Boulder, CO 80309, (3) Water Quality Research and Development, Southern Nevada Water Authority, Las Vegas, NV 89193-9954 

The compound pCBA (4-chlorobenzoic acid, Cl-C6H4-CO2H) has been successfully used as a chemical probe for measuring the concentrations of hydroxyl radicals in water at bench-scale level over the last several decades. However, for its use in full-scale, real-world, advanced oxidation reduction processes (AO/RPs) water purification applications, it is extremely important that pCBA radical reaction kinetics and final product distributions be quantitatively established over a wide range of conditions. In this study we report on our determination of absolute temperature-dependent reaction rate constants for the reactions of oxidizing hydroxyl radicals (·OH) and reducing hydrated electrons (eaq-) and hydrogen atoms (H·) with pCBA and its two mono-hydroxylated derivatives using pulsed electron radiolysis techniques. We have also combined these data with steady-state irradiations of pCBA and the derivatives under different redox conditions to determine reaction efficiencies for all three radical species. 
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Transformation of sulfonamide antibiotics in agricultural soils under varying biogeochemical conditions 
Jessica L. Mohatt1, jmohatt2@illinois.edu, Kevin T. Finneran1, finneran@uiuc.edu, and Timothy J. Strathmann2, strthmnn@illinois.edu. (1) Department of Civil and Environmental Engineering, University of Illinois at Urbana-Champaign, 205 North Mathews Ave, Urbana, IL 61801, (2) Department of Civil and Environmental Engineering and Center of Advanced Materials for the Purification of Water with Systems, University of Illinois at Urbana-Champaign, Urbana, IL 61801 

Antibiotics are widely used in agriculture to promote growth and prevent disease in livestock. Up to 90% of the parent compounds are excreted unmetabolized by livestock, and land application of animal waste leads to a large inputs of these contaminants into agricultural soils. This contribution examines the mechanisms controlling transformation and degradation of widely used sulfonamide antibiotics in soil systems under varying biogeochemical conditions. Microcosm studies were performed to assess the effects different terminal electron accepting processes (TEAPs) on the degradation of sulfamethoxazole (SMX) in an agricultural surface soil. Results indicate that the rate of SMX degradation is significantly dependent on the prevailing TEAP. Unexpectedly, the greatest rate of transformation was observed under Fe(III)-reducing conditions, and followup experiments in sterile systems shows that Fe(II) reduces SMX via a surface-catalyzed reaction. Detailed results of the mechanistic investigation will be presented, including mass spectrometry analysis of products and kinetic structure-reactivity studies.
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