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Advanced treatment technologies for removal of pathogens and chemical pollutants for water reuse 
Karl G. Linden, karl.linden@colorado.edu, Department of Civil, Environmental, and Architectural Engineering, University of Colorado - Boulder, 428 UCB, Boulder, CO 80309, Fax: 303-492-7317 

To address rising public concern over emerging contaminants, the reuse water community will need to provide evidence that currently available and emerging treatment technologies can meet regulations and protect the public. This research project was designed to help water users select appropriate reuse water treatment technologies. The eliminations of endocrine disrupting compounds (EDCs) and pharmaceuticals and personal care products (PPCPs) through field and laboratory scale reclaimed water technologies were evaluated. The field-scale technologies tested at wastewater treatment pilot plants included ozonation, microfiltration, UV/peroxide, titanium dioxide (TiO2)/UV, and UV/peracetic acid (PAA). In bench-scale experiments, a variety of PPCPs were spiked into reclaimed water and treated with an expanded suite of treatment technologies (including O3, chlorination, chloramination, UV/H2O2, TiO2 peracetic acid (PAA), PAA/UV and microfiltration). The experiments were used to evaluate the technologies and observe the elimination kinetics of the contaminants. Concentrations of EDCs/PPCPs and estrogenicity were determined by GC/MS and the yeast estrogen screen (YES) assay. 


ENVR 85 

Removing beta-lactam antibiotics from contaminated waters using radical reactions 
Michelle K. Dail1, michelle_college86@hotmail.com, Stephen P. Mezyk1, smezyk@csulb.edu, and Julie R. Peller2, jpeller@iun.edu. (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 Chemistry, Indiana University Northwest, Gary, IN 46408 

The β-lactam antibiotics are one of the most prevalent groups of pharmaceutical drugs found in aquatic environments today. Their presence, even at trace levels, may adversely affect aquatic ecosystems and even contribute to the production of resistant strains of bacteria. Therefore, active removal of these antibiotics may be necessary under some water use, or reuse applications. Radical-based treatment processes (advanced oxidation processes, AOPs) continue to gain interest as the technology of choice for the quantitative removal of trace amounts of contaminant chemicals in different quality waters. However, to ensure that any AOP treatment process occurs efficiently and quantitatively, a complete understanding of the kinetics and mechanisms of all the chemical reactions involved under the conditions of use is necessary. In this study, we report on our kinetic measurements involving the oxidation and reduction of 11 representative β-lactam drugs in aqueous solution over a range of temperature. 
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AO/RP radical chemistry of mixed aliphatic-aromatic nitrosamines in water 
Edsel Abud1, edsel_abud@yahoo.com, Stephen P. Mezyk1, smezyk@csulb.edu, Katy L. Swancutt1, k_swancutt@yahoo.com, Trent Foust1, and James J. Kiddle2, james.kiddle@wmich.edu. (1) Department of Chemistry and Biochemistry, California State University at Long Beach, 1250 Bellflower Blvd, Long Beach, CA 90840, (2) Department of Chemistry, Western Michigan University, Kalamazoo, MI 49008 

Removing trace amounts of nitrosamines from waters is one of the biggest challenges facing water utilities today, with various treatment technologies being proposed. One of the most promising of these technologies is the advanced oxidation and reduction processes (AO/RPs). While AO/RPs have been shown to be efficient for some nitrosamine removal from waters, cost optimization requires that these processes occur efficiently and quantitatively. To achieve full optimization, an understanding of the chemistry involved (kinetics and reaction mechanisms) under the conditions of use is essential. While this understanding has been achieved for some aliphatic nitrosamine species no equivalent chemistry has yet been established for nitrosamines containing aromatic rings. In this work, we have measured oxidation and reduction reaction kinetics for eight synthesized, mixed aliphatic-aromatic nitrosamines, and constructed structure-activity relationships for these data through comparison of the measured values to previously reported literature values. 
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Sonolytic degradation of aqueous film forming foams (AFFFs) 
Chad D. Vecitis1, vecitis@its.caltech.edu, Ya-Juan Wang2, Jie Cheng1, Brian Mader3, bmader@mmm.com, and Michael R. Hoffmann1, mrh@caltech.edu. (1) Department of Environmental Science and Engineering, California Institute of Technology, W. M. Keck Laboratories 138-78, 1200 E. California Blvd., Pasadena, CA 91125, (2) Department of Chemistry, The Scripps Research Institute, La Jolla, CA 92037, (3) Environmental Research Laboratories, 3M Corporation, Maplewood, MN 55144-1000 

Aqueous film forming foams (AFFFs) are used to combat fires at airport and oil refineries and fluorochemicals (FCs) as an active component. FCs are oxidatively recalcitrant and thus persistent in the environment. Ultrasonic irradiation of aqueuous/aquatic solutions has been shown to degrade and subsequently mineralize any FCs present. Here we present work on the sonochemical degradation of AFFFs. Perfluorooctane sulfonate (PFOS), the primary AFFF-FC and other organic components of the AFFF were decomposed sonolytically. Unlike sonolysis of pure PFOS, fluoride did not account for the fluorine mass balance indicating that in the more complicated AFFF matrix the perfluorinated chain was not completely mineralized. Implications of this study for the use of sonochemistry to destroy AFFFs will be discussed. 
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Advances in the treatment of wastewater-derived micropollutants with permanganate and ferrate oxidizing agents 
Timothy J. Strathmann1, strthmnn@illinois.edu, Lanhua Hu1, lhu2@illinois.edu, and Heather M. Martin2, hmartin4@illinois.edu. (1) Department of Civil and Environmental Engineering and Center of Advanced Materials for the Purification of Water with Systems, University of Illinois at Urbana-Champaign, 205 North Mathews Avenue, Urbana, IL 61801, (2) Department of Civil and Environmental Engineering, University of Illinois at Urbana-Champaign, Urbana, IL 61801 

Growing population in regions with scarce freshwater supplies is putting increased pressure on limited drinking water supplies. As a result, many utilities are increasing potable water supplies by implementing wastewater reuse operations. However, wastewater contains a number of emerging micropollutants that are recalcitrant towards conventional treatment processes (e.g., pharmaceuticals, nitrogenous disinfection byproducts), and current processes used to remove these compounds (e.g., reverse osmosis) are non-selective and energy-intensive. Thus, there is growing interest in the identification of more selective and efficient processes for achieving treatment goals. This contribution will describe recent work examining the utility of treating wastewater-derived organic micropollutants with permanganate (Mn(VII)) and ferrate (Fe(VI)) salts. Results show that Mn(VII) and Fe(VI) are selective oxidants that target specific functional groups, including phenolic and olefinic groups present in the structure of several target micropollutants. Oxidation pathways are derived from LC-MS2 and 1H-NMR analyses. Kinetic models are developed that incorporate the effects of individual non-target water constituents (e.g., Mn2+, HS-, natural organic matter), and model accuracy is validated during treatment of utility source waters. The residual pharmaceutical potency of selected micropollutants following Mn(VII) treatment will also be discussed. 
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Aqueous electron reduction of fluorochemicals 
Chad D. Vecitis1, vecitis@its.caltech.edu, Hyunwoong Park1, hpark@caltech.edu, Brian Mader2, bmader@mmm.com, and Michael R. Hoffmann1, mrh@caltech.edu. (1) Department of Environmental Science and Engineering, California Institute of Technology, W. M. Keck Laboratories 138-78, 1200 E. California Blvd., Pasadena, CA 91125, (2) Environmental Research Laboratories, 3M Corporation, Maplewood, MN 55144-1000 

Perfluorinated chemicals (PFCs) are distributed throughout the environment. In the case of perfluorinated alkyl carboxylates and sulfonates, they can be classified as persistent organic pollutants since they have relatively high water solubilities and are resistant to oxidation. We report on the reductive defluorination of perfluorobutanoate, perfluorohexanoate, perfluorooctanoate, perfluorobutane sulfonate, perfluorohexane sulfonate, perfluorooctane sulfonate by hydrated electrons, e(aq)-, that are generated from the UV photolysis (λ = 254 nm) of iodide. The ionic headgroup (-SO3- vs. -CO2-) has a significant effect on the reduction kinetics and extent of defluorination (F-Index; -[F-]produced/[PFC]degraded). Perfluoroalkylsulfonate reduction kinetics and the F-Index increase linearly with increasing chain length. In contrast, perfluoroalkylcarboxylate chain length appears to have a negligible effect on the observed kinetics and the F-Index. H/F ratios in the gaseous fluoroorganic products are consistent with measured F-indexes. Incomplete defluorination of the gaseous products suggests a reductive cleavage of the ionic headgroup occurs before complete defluorination. Detailed mechanisms involving initiation by aquated electrons are proposed. 
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Absolute kinetics and efficiencies of hydroxyl radical and hydrated electron reactions with sulfa drugs in water 
Thomas Neubauer1, knupizan@yahoo.com, Stephen P. Mezyk1, smezyk@csulb.edu, William J. Cooper2, wcooper@uci.edu, and Julie R. Peller3, jpeller@iun.edu. (1) Department of Chemistry and Biochemistry, California State University at Long Beach, 1250 Bellflower Blvd, Long Beach, CA 90840, (2) Department of Civil and Environmental Engineering, University of California, Irvine, Irvine, CA 92697, (3) Department of Chemistry, Indiana University Northwest, Gary, IN 46408 

The removal of pharmaceutical drugs such as sulfonamides from aquatic environments is one of the most pressing problems facing the water industry today. As these sulfa-based antibiotic aquatic residence lifetimes may be many hundreds of hours active removal may be necessary under some water use, or reuse, applications. Advanced oxidation/reduction processes (AO/RPs) are one option for removing trace amounts of contaminant chemicals in different quality waters. AO/RPs are based in the reactions of oxidative hydroxyl radicals (·OH) and reducing hydrated electrons (eaq-) and hydrogen atoms (H·) to destroy contaminant chemicals. However, to ensure that the AOP treatment process occurs quantitatively, a full understanding of the chemistry of all the reactions involved is necessary. Here we report on our measurements of absolute oxidative and reductive reaction rate constants and efficiencies for hydroxyl radicals and hydrated electrons with multiple sulfonamindes containing various heterocyclic ring substituents in different quality waters. 
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Absolute rate constant measurements for the hydroxyl radical (·OH) with effluent organic matter 
Devin F. R. Doud1, devindoud@yahoo.com, Stephen P. Mezyk1, smezyk@csulb.edu, and Fernando Rosario-Ortiz2, Fernando.Rosario@Colorado.EDU. (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 

AO/RPs (advanced oxidation/reduction processes) are technologies based on the in situ generation of hydroxyl radicals (•OH) that non-selectively remove chemical contaminants from water. The two most common AO/RPs used for the removal of micro contaminants from waters are UV- and ozone-based. Here, increased hydroxyl radical (•OH) production is accomplished by the addition of hydrogen peroxide. However, one of the most important interferences in an AOP is the scavenging by the water quality components, most importantly, the organic carbon which is commonly referred to as effluent organic matter (EfOM). In order to understand this •OH loss process, detailed information on the chemistry and dynamics of the •OH-EfOM reaction are required. Here we report on the quantitative, direct, evaluation of these oxidative reaction rate constants for a series of EfOM-containing waters from across the U.S. We have also correlated these values to measured EfOM characteristics, allowing a structure-activity relationship to be constructed.
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