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Influence of water chemistry on the stability of lead-containing phases present in drinking water distribution systems 
Daniel E. Giammar, giammar@wustl.edu, Katherine Nelson, James D. Noel, jnoel@wustl.edu, and Yanjiao Xie, Energy, Environmental and Chemical Engineering, Washington University in St. Louis, One Brookings Drive, Campus Box 1180, St. Louis, MO 63130, Fax: 314-935-5464 

The presence of lead pipe in aging water distribution systems requires management of water chemistry to maintain low lead concentrations at the tap. Changes in treatment processes that influence the distribution system water chemistry can induce the release of lead from lead-containing corrosion products that have developed on the pipe surface. The dissolution rates of three important corrosion products have been measured as a function of pH, dissolved inorganic carbon, orthophosphate concentration, and the presence or absence of chloramines. The solid phases remaining at the conclusion of selected experiments were characterized by infrared and Raman spectroscopy, scanning electron microscopy and X-ray diffraction to identify transformations in solid phases. Dissolution rates were strongly influenced by pH. The presence of phosphate lowered dissolution rates and induced the formation of a lead(II) phosphate in systems that initially contained only lead(II) carbonate solids. The ammonia present with chloramines enhanced dissolution rates. 
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Isolation of natural organic mater in source water and characterization of trihalomethanes precursors by fluorescence spectroscopy 
Krit Punburananon, kp26@njit.edu and Taha F. Marhaba, Marhaba@adm.njit.edu, Department of Civil and Environmental Engineering, New Jersey Institute of Technology, 323 Dr Martin Luther King Jr Blvd, University Heights, Newark, NJ 07102 

Natural organic matter (NOM) in source water is the precursor of trihalomethanes (THMs) formation during chlorination process of drinking water. Water samples were collected from Delaware and Raritan canal in New Jersey as well as its outfalls along the canal. Outfall samples are basically runoff and its discharge could be very large after raining. NOM in water samples was isolated by resin adsorption into six categories: hydrophobic acid (HPOA), hydrophobic neutral (HPON), hydrophobic base (HPOB), hydrophilic acid (HPIA), hydrophilic neutral (HPIN), and hydrophilic base (HPIB). HPOA, HPON, HPIN were the three fractions usually found at high concentration in most of samples. HPOA was the highest fraction in the rainfall runoff, whereas it was HPIN in the source water from the canal. All the six fractions were incubated by chlorine for seven days to determine THMs formation. HPOA was highly reactive, while HPIN had moderate reactivity. HPOA was not only the most reactive but also usually found at high concentration, thus making a major contribution to THMs formation. This also indicated that the contamination of rainfall runoff to the canal would increase THMs formation due to its higher percentage of HPOA in NOM. Furthermore, the six fractions were also characterized by fluorescence spectroscopy to obtain three-dimensional fluorescence spectra. Among the spectra of six fractions, HPOA spectra were large and its peak intensity was also high. Therefore, fluorescence spectroscopy could be a very promising technique for characterization of HPOA or THMs precursors. Although resin adsorption provides information of HPOA concentration, it is very time-consuming and not practicable for routine operation. Fluorescence spectroscopy is fast and affordable, as a result, practical for characterization of THMs precursors and the contamination of runoff to source water. 
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Determination of disinfection by-products formation using multivariate statistical analysis of fluorescence spectra 
Krit Punburananon, kp26@njit.edu and Taha F. Marhaba, Marhaba@adm.njit.edu, Department of Civil and Environmental Engineering, New Jersey Institute of Technology, 323 Dr Martin Luther King Jr Blvd, University Heights, Newark, NJ 07102 

Disinfection is an essential process to kill pathogens (i.e., disease causing organisms) in the production of drinking water. Chlorine is the most widely used disinfectant. Nonetheless, chlorine also reacts with natural organic matter in source water and forms potentially carcinogenic disinfection by-products (DBPs). The major DBPs from chlorination process are dominantly trihalomethanes (THMs) followed by haloacetic acids. However, not all organic compounds in source water are equally reactive to THMs formation. Water samples were characterized by fluorescence spectroscopy to obtain three-dimensional fluorescence spectra. The spectra are the total sum of emission intensity of organic compounds in a sample at different excitation wavelengths. These are recorded as a matrix of fluorescence intensity in coordinates of excitation and emission wavelengths. Spectra shape and peak locations are characteristics of each organic compound while its intensity is related to its concentration. In this study, over two thousand fluorescence intensities covering a wide range of excitation and emission wavelengths were obtained for each sample and then were pre-processed to remove spectra scatters and interferences. Principle component analysis was used for data reduction by transforming the fluorescence intensities into new parameters called principle components (PCs). By this process, a large number of the fluorescence intensities could be represented by a few PCs. Multiple linear regression analysis of PCs was applied to develop a THMs formation prediction model. The model proved to have prediction performance with R-square of 88.3%. 
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Innovative approach for treating oxidant-laden residual streams 
Jess Brown1, jbrown@carollo.com, Rick D. Wheadon2, Cory Christiansen2, and Edwin J. Hansen3. (1) Carollo Engineers, 401 N. Cattlemen Rd., Sarasota, FL 34232, (2) Carollo Engineers, Salt Lake City, UT, (3) Magna Water District, Magna, UT 

A disadvantage of using separation-based oxidant (i.e., perchlorate, nitrate, bromate) treatment technologies (e.g., ion exchange or membranes) is that they produce an oxidant-laden concentrate that must be disposed or further treated. “Conventional” biological processes can be used to treat oxidant residuals but typically require a dedicated deoxygenation step, inoculation with exogenous salt-tolerant bacteria, long residence times due to high solution salinities, and the addition of a costly exogenous substrate such as ethanol. This paper describes the development of a novel approach for treating oxidant-laden residuals by blending them with scalped municipal wastewater followed by treatment in a fixed-bed (FXB) bioreactor. The novel approach for treating oxidant-laden residuals involves blending the residual stream with scalped municipal wastewater followed by treatment in a FXB bioreactor (biodestruction of blended residual oxidants or BIOBROx). The BIOBROx process eliminates the target oxidant from the residuals stream prior to sewer discharge or reuse application. In effect, blending the residuals stream with municipal wastewater decreases the DO concentration and salinity of the untreated stream (i.e., increases degradation kinetics) and eliminates the need to add a substrate or bacterial seed to the bioreactor system. Resulting reactor volumes and consumable costs are minimized and process stability improves. 
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Treatment of reverse osmosis concentrate to improve overall recovery: Parameter effects on antiscalant oxidation and subsequent precipitation 
Lauren F. Greenlee1, lauren_greenlee@yahoo.com, Benoit Marrot2, benoit.marrot@univ-cezanne.fr, Philippe Moulin2, philippe.moulin@univ-cezanne.fr, Benny D. Freeman1, freeman@che.utexas.edu, and Desmond F. Lawler3, dlawler@mail.utexas.edu. (1) Department of Chemical Engineering, The University of Texas at Austin, 1 University Station C0400, Austin, TX 78712, (2) Laboratoire Mécanique, Modélisation et Procédés Propres, Université Paul Cézanne, 13545 Aix en Provence, France, (3) Department of Civil Engineering, The University of Texas at Austin, Austin, TX 78712 

Brackish water reverse osmosis (RO) membrane desalination product recovery (volume of product water per volume of feed water) is limited by sparingly soluble salt (CaCO3) precipitation; at least 10% of the feed water becomes the RO waste stream (concentrate). The costs and technical feasibility of concentrate disposal severely limit the application of inland RO. This paper presents a novel three-stage process to treat the concentrate from a brackish water RO system. The process achieves problematic salt removal through (I) antiscalant deactivation (ozonation), (II) precipitation (pH elevation), and (III) solid/liquid separation (microfiltration). The effects of several parameters, including pH, ozonation time, antiscalant concentration and type, ozone dose (mg O3 per mg dissolved organic carbon (DOC)), and [H2O2]/[O3] ratio (mole:mole), on phosphonate antiscalant oxidation were evaluated. The effect of oxidation on the precipitation and separation stages was then studied. In all experiments, ozonation prior to precipitation allowed greater calcium precipitation. 
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Evaluation of nanoscale zero-valent iron in drinking water technology: Degradation of bromate in water treatment 
Qiliang Wang1, qlwang@gist.ac.kr, Shane A. Snyder2, shane.snyder@snwa.com, and Heechul Choi1, hcchoi@gist.ac.kr. (1) Department of Environmental Science and Engineering, Gwangju Institute of Science and Technology, 1 Oryongdong, Bukgu, Gwangju 500712, South Korea, Fax: 82-62-970-2434, (2) Water Quality Research and Development, Southern Nevada Water Authority, Las Vegas, NV 89193-9954 

Nanoscale zerovalent iron (NZVI) was evaluated for the reduction of bromate which is a highly persistent and carcinogenic oxyhalid formed as an ozonation by-product during oxidative disinfection in drinking water treatment. Solid-phase NZVI with different surface areas was controllably synthesized using a liquid phase reduction. TEM, XRD, and BET surface area and porosity analyzer were utilized to characterize particle size, surface morphology, surface area, and corrosion layers formed onto NZVI before and after bromate reduction. Surface area of synthesized NZVI was found to be influenced strongly by ethanol contents during synthesis with a maximum surface area of 67.51±0.35 m2/g in a 90 % ethanol aqueous solution. Subsequent XRD and TEM results revealed that in a 20 min bromate reduction NZVI mostly converted to Fe2O3 and Fe3O4 corrosion products mixed with iron hydroxides. Additionally, the effects of sonication pretreatment showed that the bromate reduction efficiency could be enhanced by increasing the actual reactive surface area. 
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Colorimetric-solid phase extraction (C-SPE) for the determination of trace level indicators of water quality 
Lorraine M. Siperko1, lorraine.siperko@utah.edu, Marc D. Porter1, Marc.Porter@utah.edu, and Robert J. Lipert2, blipert@ameslab.gov. (1) Departments of Chemistry, Chemical Engineering and Bioengineering, University of Utah, 383 Colorow Drive, Salt Lake City, UT 84108, (2) Institute for Physical Research and Technology, Ames Laboratory USDOE, Iowa State University, Ames, IA 50011 

Colorimetric-solid phase extraction (C-SPE) was introduced in 2002 as an on-board method for NASA to detect biocides in spacecraft potable water supplies. It is a sorption-spectrophotometric platform that entails the selective extraction and concentration of analytes with a solid phase extraction (SPE) membrane followed by detection and quantification of a surface-bound colored complex by diffuse reflectance spectrophotometry. The solution concentration of the analyte captured on the membrane is related to the fractional reflectance of the complex at a given wavelength by the Kubelka-Munk function (F(R)), and can be determined by use of a standard calibration curve. Studies have shown that that most trace level analyses can be completed in 1–2 min, and concentration factors between 100–1000 can be achieved. The methodology was initially developed to fill NASA's need for a rapid, reliable, and easy-to-use means to monitor silver(I) and iodine (I2) in the ppm – ppb range, but has since been expanded to include a variety of water contaminants. This presentation will discuss C-SPE instrumentation, accessories and technical approaches used to detect and quantify several trace metals, formaldehyde and a pathogenic bacterium. A comparison of ground-based and microgravity determinations of silver(I) and iodine will be made. Prospects for multiplexing (MC-SPE) capabilities will also be presented.
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