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8:30 — Introductory Remarks. 

8:40 —67. Oxidation of bulk and trace organics in reverse osmosis concentrate. P. K. Westerhoff

9:20 —68. Oxidation of N-nitrosodimethylamine (NDMA) using boron-doped diamond film electrodes. B. P. Chaplin, C. Duncan, G. Schrader, J. Farrell

9:40 —69. Detoxification of water contaminated with the cyanotoxin, microcystin-LR, by utilizing thin TiO2 photocatalytic films. M. G. Antoniou, P. A. Nicolaou, A. A. de la Cruz, D. D. Dionysiou

10:00 —70. Removal of acetaminophen in enzyme-mediated oxidative coupling process: Reaction rates and pathways. J. Lu, Q. Huang
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10:40 —71. Relevance of emerging chemical pollutants in water reclamation and groundwater recharge. T. Wintgens, C. Kazner, M. Ernst, T. Melin

11:20 —72. Novel osmotically driven hybrid process for potable reuse of impaired water. T. Y. Cath, J. Drewes, C. Lundin

11:40 —73. Water treatment using hybrid ozonation-membrane filtration. S. H. R. Davies, A. L. Alpatova, M. J. Baumann, L. M. Cornell, J. Kim, V. V. Tarabara, S. J. Masten
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Oxidation of bulk and trace organics in reverse osmosis concentrate 
Paul K. Westerhoff, p.westerhoff@asu.edu, Department of Civil and Environmental Engineering, Ira A. Fulton School of Engineering, Arizona State University, PO Box 875306, Tempe, AZ 85287-5306, Fax: 480-965-0557 

The goal of this project is to develop a post-treatment oxidation process for removing organics in membrane concentrates. Research was conducted with reverse osmosis concentrate from partially denitrified wastewater. UV/TiO2 treatment removes nearly all of several pharmaceuticals from the RO concentrate to below detection limits (1 ng/L). UV/TiO2 treatment alone can achieve in excess of 90% DOC removal. The rate of DOC removal is nearly zero-order (1.9 mgDOC/L per kWhr/m3) up to 80-85% DOC removal. To achieve higher DOC removals the rate is also zero order (0.67 kW-hr-m3/(mgDOC/L)). The higher energy requirement is needed to continue oxidation of byproducts that react slow with hydroxyl radicals. Without UV/TiO2 treatment less than 5% of the DOC in the RO concentrate was biodegradable. Upon UV/TiO2 treatment specific organic acids (oxalate, acetate, propionate, pyruvate and formate) were present at concentrations from 0.1 to nearly 5 mgC/L. 
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Oxidation of N-nitrosodimethylamine (NDMA) using boron-doped diamond film electrodes 
Brian P. Chaplin, chaplin1@email.arizona.edu, Craig Duncan, cduncan@email.arizona.edu, Glenn Schrader, schrader@email.arizona.edu, and James Farrell, farrellj@engr.arizona.edu, Department of Chemical and Environmental Engineering, University of Arizona, 1133 E James E Rogers Way, Tucson, AZ 85721 

The disinfection byproduct N-nitrosodimethylamine (NDMA) has been categorized as a probable human carcinogen. While no federal regulation has been mandated, many states have established their own drinking water standards. For example, the state of California has set a 10 ng/L “action level” in drinking water. This compound is of particular concern in water reuse applications when treated wastewater is used as a source for drinking water. This study investigated the oxidation of NDMA at boron-doped diamond film electrodes. Results from batch experiments showed that the oxidation of NDMA occurred at low current densities (5-10 mA/cm2) with good Faradaic current efficiencies. The NDMA reaction rate in a flow through reactor was mass transfer limited and pseudo-first order with respect to NDMA concentration, yielding a half life of 2.0 min at a current density of 10 mA/cm2. Extended reaction times resulted in mineralization of NDMA to end products of carbon dioxide and nitrate. The reaction mechanism of NDMA oxidation is also discussed based on experimental results and density functional theory calculations. 
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Detoxification of water contaminated with the cyanotoxin, microcystin-LR, by utilizing thin TiO2 photocatalytic films 
Maria G. Antoniou1, antonim@email.uc.edu, Persoulla A. Nicolaou2, nicolapa@email.uc.edu, Armah A. de la Cruz3, delacruz.armah@epamail.epa.gov, and Dionysios D. Dionysiou1, dionysios.d.dionysiou@uc.edu. (1) Department of Civil and Environmental Engineering, University of Cincinnati, Cincinnati, OH 45221-0071, Fax: 513-556-2599, (2) Department of Pharmacology and Cell Biophysics, University of Cincinnati, Cincinnati, OH 45267-0575, (3) Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, OH 45268 

Cyanotoxins are secondary metabolites produced and released by the harmful strains of cyanobacterial algal blooms (cyano-HABs). Because of their increasing appearance in water resource and high lethality, cyanotoxins are now part of the emerging contaminants that necessitate treatment. The hepatotoxic microcystins are the family of cyanotoxins that has mostly been detected in surface waters, especially its derivative microcystin-LR (MC-LR). In our study we have used an environmentally friendly chemical oxidation technology, TiO2 photocatalysis in the form of thin photocatalytic films for the detoxification of water contaminated with MC-LR. In this presentation, we will elaborate on the effects of different operating parameters on the MC-LR degradation efficiency, as well as the effects on MC-LR degradation following changes in the structural properties of the catalyst. The PP1 enzyme assay will also show that the treatment with our photocatalytic films can achieve water detoxification. 
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Removal of acetaminophen in enzyme-mediated oxidative coupling process: Reaction rates and pathways 
Junhe Lu, junhelu@uga.edu and Qingguo Huang, qhuang@uga.edu, Department of Crop and Soil Sciences, University of Georgia, 1109 Experiment St., Weed Science Bldg, Griffin, GA 30223 

The potential of using laccase mediated coupling process to removal acetaminophen from water was investigated. The reaction exhibited a second-order kinetics with first-order to both the enzyme and substrate. The activity of laccase remained constant during reaction. HPLC/MS/MS analysis revealed that instead of degradation the reaction generated coupling products. The ortho sites of both hydroxyl and acetyl amine group are can serve the active position where covalent bond generated between individual building blocks. The coupling products with hydroxyl and amine functionalities remained were still the active substrates to laccase. Therefore, oligomers and polymers are formed according to the extent of the reaction and these products are presumed to be biological inactive and more readily to be removed. Laccase using dissolved oxygen as the cofactor and the coupling process doesn't rely on external input of oxidants. This provides a cost-effective strategy to address the trace microcontaminants in water reuse. 
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Relevance of emerging chemical pollutants in water reclamation and groundwater recharge 
Thomas Wintgens1, thomas.wintgens@fhnw.ch, Christian Kazner2, christian.kazner@avt.rwth-aachen.de, Mathias Ernst3, mathias.ernst@tu-berlin.de, and Thomas Melin2. (1) Institute for Ecopreneurship, University of Applied Sciences Northwestern Switzerland, Gründenstrasse 40, Muttenz 4132, Switzerland, (2) Chemical Engineering Department, RWTH Aachen University, Aachen 52056, Germany, (3) Centre for Water in Urban Areas, TU Berlin, Berlin 10623, Germany 

The utilization of alternative water sources like reclaimed municipal wastewater is one of the most promising options in integrated water management. Among the various beneficial uses of reclaimed wastewater managed aquifer recharge (MAR) receives growing attention. In the international European Union funded project RECLAIM WATER a set of water reclamation and aquifer recharge methods has been assessed. The studies included investigations of eight case study sites practicing water reclamation and managed aquifer recharge in full scale. Different water reclamation technologies including membrane processes, activated carbon and ozonation as well as extensive treatment options such as reed beds have been included. The treatment technologies were complemented by column fate studies and batch tests for selected target contaminants. Risk assessment and management components outlined possible concepts to be applied in the case study sites. The relevance of emerging chemical contaminants will be discussed on basis of comprehensive results gained in the project. 
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Novel osmotically driven hybrid process for potable reuse of impaired water 
Tzahi Y. Cath, tcath@mines.edu, Jörg Drewes, jdrewes@mines.edu, and Carl Lundin, Division of Environmental Science and Engineering, Colorado School of Mines, 1500 Illinois St., Golden, CO 80401 

In a new approach, osmotically driven membrane processes (forward osmosis (FO)) and RO are coupled to provide low-energy pretreatment and multi-barrier system to contaminants, including nutrients and emerging organic contaminants of concern. Recent progress in research has demonstrated that FO can be successfully implemented in a range of applications including wastewater treatment, desalination, and pharmaceutical and food industries. The objectives of the study were to investigate the performance of FO for pretreatment of impaired water and understand the mechanisms of mass transport of organic contaminants across FO/RO membranes. The process was tested on bench and pilot scale in the lab and at Denver Water Recycling Plant. Results form the pilot testing demonstrated that almost complete rejection of a wide range of organic contaminants present in the secondary effluent can be achieved using the hybrid FO/RO process. The authors will also present the analytical challenges and successes in quantifying organic micropollutants. 
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Water treatment using hybrid ozonation-membrane filtration 
Simon H. R. Davies1, davies@egr.msu.edu, Alla L. Alpatova1, Melissa J. Baumann2, Lindsay M Cornell2, Jeonghwan Kim3, Volodymyr V Tarabara1, and Susan J Masten1. (1) Department of Civil and Environmental Engineering, Michigan State University, A127 ERC-North, East Lansing, MI 48824, (2) Department of Chemical Engineering and Materials Science, Michigan State University, East lansing, MI 48824, (3) Department of Environmental Engineering, INHA University, Nam-gu Incheon 402-751, South Korea 

The use of membranes in water treatment has increased dramatically in recent years. Membrane fouling remains a problem despite many attempts to address this issue. An innovative hybrid ozonation-membrane filtration system for water treatment to control membrane fouling will be discussed. In this system, ozone degrades the organic matter present, both in bulk solution and at the membrane surface. The ceramic membranes used in the system may be coated with a suitable catalyst (iron or manganese oxide) to enhance their performance. The catalytic decomposition of ozone at the membrane surface results in the formation of hydroxyl radicals which can degrade organic matter at or near the surface. At similar ozone dosages, the removal of organic matter by the hybrid system (up to 95%) is much higher than can be achieved by conventional ozonation (ca. 30%). Potential applications of this system for wastewater reuse will be discussed.
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