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8:30 — Introductory Remarks. 

8:35 —9. Activated carbon research progress and research needs. V. L. Snoeyink, L. Ding

9:15 —10. Using TOC adsorption to predict the adsorption of MIB by granular and powdered activated carbon. R. S. Summers, S. M. Kim, H. Cho

9:35 —11. Molecular Interactions between synthetic organic contaminants (SOCs) and carbon nanotubes (CNTs) : Effects of π-π interactions and size exclusion. J. E. Kilduff, H -N. Lim

9:55 —12. MTBE adsorption: Evaluating EBCT, competition and fouling in the microgram/liter range. R. S. Summers, D. Dani, B. Zachman, C. Corwin, N. Blute, M. McGuire, D. Knappe

10:15 — Intermission. 

10:30 —13. Kinetics of trace micropollutant adsorption and implications for modeling and adsorber design. R. S. Summers, C. Corwin, S. M. Kim

10:50 —14. Optimizing a biologically active carbon (BAC) reactor for nitrate and perchlorate removal using biological activity and GAC adsorption capacity. X. Li, G. Upadhyaya, W. Yuen, J. Brown, E. Morgenroth, L. Raskin

11:10 —15. Use of ozonation/biological-activated carbon for the control of disinfection by-products and biological stability in drinking water. S. Shu, J. Zhang

11:30 —16. Use of high-silica zeolites for the targeted removal of taste and odor compounds from drinking water. D. R. U. Knappe, B. Yuncu

11:50 —17. Delivery and targeting of functional aerosol particle in DNAPL remediation. J. Zhan, C. Day, G. Piringer, G. L. McPherson, Y. Lu, K. Papadopoulos, V. T. John

ABSTRACTS
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Activated carbon research progress and research needs 
Vernon L. Snoeyink and Li Ding, Department of Civil and Environmental Engineering, University of Illinois at Urbana-Champaign, 3230 Newmark Civil Engineering Laboratory, 205 North Mathews Avenue, Urbana, IL 61801, Fax: 217-333-6968, snoeyink@uiuc.edu 

Activated carbon is applied in both powdered and granular form to improve water quality through adsorption of organic matter, chemical reactions such as chlorine reduction that take place on its surface and outer-surface biological reactions such as oxidation of biodegradable organic matter and ammonia and reduction of oxyanions such as nitrate, perchlorate and bromate. Important advances have been made in our ability to model the adsorptive removal of dissolved organic carbon and trace organic compounds. The capacity and kinetics of trace organic compound removal are an important function of the amount of competition for adsorption sites and the amount of pore blockage caused by natural organic matter. Our ability to model this removal allows us to optimize the design and operation of both powdered and granular carbon systems for trace compound removal and to minimize the adverse effects of desorption. Based on our understanding of competitive adsorption, we need to develop new adsorbents that minimize the competitive effects of natural organic matter. Also, because of the difficulties involved in thermal regeneration, it is important that we develop adsorbents that can be regenerated by non-thermal means at the point of use. 
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Using TOC adsorption to predict the adsorption of MIB by granular and powdered activated carbon 
R. Scott Summers1, Soo M. Kim2, and Hukjin Cho2. (1) CEAE Department, University of Colorado, P.O. Box 0428, Boulder, CO 80309-0428, R.summers@colorado.edu, (2) K-Water KOWACO 

Relationships between adsorption of the 2-methylisoborneol (MIB) and total organic carbon were developed for both GAC and PAC and used to predict MIB control in the < 100 ng/L range. For GAC results from eight source waters (TOC 1.0 to 3.8 mg/L), EBCTs of 5, 10 and 20 min, with three different GACs indicated a strong (R2 = 0.89) linear relationship time (bed volumes) to 10% MIB breakthrough (C0 = 100 ng/L) and time (bed volumes) to 70% TOC breakthrough. For PAC results from 5 waters (TOC 1 to 5 mg/L), dose range of 5 to 30 mg/l, contact times of 10, 30 and 60 min and three different PACs were utilized to developed a model for all three PACs and a very good fit (R2 = 0.85) between MIB removal and TOC removal was found. Varying influent MIB concentration did not impact the fraction removal for either PAC or GAC indicating NOM controls the MIB adsorption. 
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Molecular Interactions between synthetic organic contaminants (SOCs) and carbon nanotubes (CNTs) : Effects of π-π interactions and size exclusion 
James E. Kilduff, Department of Civil and Environmental Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, kilduff@rpi.edu, and Hyung-Nam Lim, Department of Civil and Environmental Engineering, Rensselaer Polytechnic Institute (RPI), Troy, NY 12180 

Carbon nanotubes (CNTs) hold promise to offer several potential advantages over the existing state-of-the-art adsorbents, activated carbons and carbon fibers. In this research, we examine 1) molecular interactions between organic compounds and carbon nanotubes (CNTs); 2) size exclusion effects exerted by CNT pores; and 3) effects of heat and chemical treatments (acid reflux and ozone (O3)/hydrogen peroxide (H2O2) surface modification and cutting/etching of endcaps/sidewalls) on π-π-interactions and size exclusion of organic compounds. The uptake of different organic compounds having similar structure but differing in π electron density and molecular size were tested to elucidate any selectivity induced by π-π-interactions and molecular sieving, respectively. 

This research which provides a side-by-side comparison with existing adsorbents (e.g., GACs), will provide a rational basis for selecting and preparing CNTs, and will evaluate whether CNTs deserve further consideration for water treatment. 
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MTBE adsorption: Evaluating EBCT, competition and fouling in the microgram/liter range 
R. Scott Summers1, David Dani1, Brad Zachman1, Chris Corwin1, Nicole Blute2, Michael McGuire2, and Detlef Knappe3. (1) CEAE Department, University of Colorado, P.O. Box 0428, Boulder, CO 80309-0428, R.summers@colorado.edu, (2) Malcolm Pirnie, Inc, (3) North Carolina State University 

GAC adsorber design, EBCT and a lead-lag configuration for controlling MTBE is being investigated using the RSSCT. For a water with a TOC of 0.8 mg/L, a constant diffusivity (CD) design and C0 of 300 µg/L were used and a large positive impact of increasing EBCT from 10 to 20 min on breakthrough to 10% C/C0 was found; an increase of 75%. Lowering the MTBE C0 to 50 µg/L increased the throughput to 10% C/C0. In a second study with a 1.5 mg/L TOC and a proportional diffusivity (PD) design, a small negative impact of increasing EBCT from 9 to 18 min on breakthrough to 10% C/C0 was found at a C0 of 50 µg/L. Decreasing the MTBE C0 to 16 µg/L increased the throughput to 10% C/C0. Studies are currently underway to determine if the difference in the impact of EBCT is related to the influent TOC, influent MTBE or the CD vs PD design. 
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Kinetics of trace micropollutant adsorption and implications for modeling and adsorber design 
R. Scott Summers1, Chris Corwin1, and Soo M. Kim2. (1) CEAE Department, University of Colorado, P.O. Box 0428, Boulder, CO 80309-0428, R.summers@colorado.edu, (2) K-Water KOWACO 

Batch kinetic studies for micropollutants in the part per trillion (ng/L) and low part per billion (µg/L) range have been or are being conducted with six compounds of concern; odorants, pesticides and PhACs (organic anions). GAC ground to five different particle sizes are being used. Results in natural waters indicated that the diffusivity is proportional to GAC particle size. This behavior impacts the design and modeling of PAC systems and for GACs the design of rapid small scale column tests and modeling of full- and bench-scale systems. Limited prior work has only been conducted in the high ppb range and a particle size dependence has not been reported. 
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Optimizing a biologically active carbon (BAC) reactor for nitrate and perchlorate removal using biological activity and GAC adsorption capacity 
Xu Li1, Giridhar Upadhyaya1, Wangki Yuen1, Jess Brown2, Eberhard Morgenroth3, and Lutgarde Raskin1. (1) Department of Civil and Environmental Engineering, University of Michigan, 1351 Beal Ave., Room 7 EWRE, Ann Arbor, MI 48109, Fax: 734-763-2275, xulixuli@umich.edu, (2) Carollo Engineers, Sarasota, FL, (3) Department of Civil and Environmental Engineering, University of Illinois at Urbana-Champaign, Urbana, IL 61801 

In order to minimize effluent concentrations of acetate, which was added to a BAC reactor as the electron donor for nitrate and perchlorate reduction, we tested an intermittent acetate addition pattern. The pattern consisted of four 12-hour cycles of acetate addition at a concentration twice the stoichiometric requirement for 6 hours followed by addition at a concentration half of the stoichiometric requirement for 6 hours. During the first half of a cycle, GAC was able to adsorb the acetate in excess, resulting in effluent acetate concentrations lower than expected based only on biological activity. During the second half of a cycle, adsorbed acetate was utilized by the biofilm on the GAC, which resulted in complete removal of nitrate and perchlorate and regeneration of GAC adsorption capacity. The average influent acetate concentration (i.e., 1.25 times the stoichiometric requirement) was less than the concentration typically added when a safety factor is applied. 
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Use of ozonation/biological-activated carbon for the control of disinfection by-products and biological stability in drinking water 
Shihu Shu and Jing Zhang, School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China, shushihu@hotmail.com, zhangjing0531@hotmail.com 

A combined ozonation/biological-activated carbon (BAC) process for the removal of DBP (disinfection by-product) precursors from drinking water and maintenance of biological stability is being investigated. The objective of this study is to evaluate removal of THMFP and AOC (assimilable organic carbon) during long-term operation of an ozonation/BAC process. A pilot-scale experiment for drinking water supply was operated for one year in a water treatment plant in southern China. AOC and THMFP removals were maintained at 35.2% and 11.8%, respectively. 
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Use of high-silica zeolites for the targeted removal of taste and odor compounds from drinking water 
Detlef R. U. Knappe and Bilgen Yuncu, Department of Civil, Construction, and Environmental Engineering, North Carolina State University, Campus Box 7908, Raleigh, NC 27695-7908, Fax: 919-515-7908, knappe@ncsu.edu 

Earthy and musty odors in drinking water are frequently attributed to the presence of 2-methylisoborneol (MIB) and geosmin at low nanogram per liter levels. Treatment costs associated with MIB and geosmin control can be high and the desired water quality is not always met with existing treatment technologies such as chemical oxidation and activated carbon adsorption. Therefore, a more selective and effective treatment process to reliably remove taste and odor causing compounds from natural water sources needs to be developed. The main objective of this research is to investigate two innovative treatment methods for the control of MIB and geosmin. Treatment Method 1 is an adsorption process based on the use of high-silica zeolites, a class of adsorbents that has not been studied extensively for water treatment applications, while treatment Method 2 is an adsorption/oxidation process based on the combined use of high-silica zeolites and ozone (zeolite-enhanced ozonation). 
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Delivery and targeting of functional aerosol particle in DNAPL remediation 
Jingjing Zhan1, Christopher Day1, Gerhard Piringer2, Gary L. McPherson3, Yunfeng Lu1, Kyriakos Papadopoulos1, and Vijay T. John1. (1) Department of Chemical and Biomolecular Engineering, Tulane University, New Orleans, LA 70118, jzhan@tulane.edu, (2) Department of Civil and Environmental Engineering, Tulane University, New Orleans, LA 70118, (3) Department of Chemistry, Tulane University, New Orleans, LA 70118 

Effective in situ remediation of contaminated groundwater plume requires the successful delivery of reactive iron particles through soil. This study reports the transport characteristics of nanoscale zero-valent iron particles that are encapsulated in porous silica sub-micron particles through a novel aerosol-assisted technology. These particles can be transported through model soils more efficiently than commercially available reactive nanoscale iron particles (RNIPs). Column tests show the composite particles elute readily while RNIP is trapped at the inlet of the column. Capillary experiments further prove that RNIP clogs the pores due to rapid aggregation, but pore plugging does not occur for the composite particles. The partitioning characteristic of the particles was investigated by a novel capillary video microscopy technique. Our results again indicate that the iron/silica composite particles preferentially accumulate and localize at the TCE/water interface, making dechlorination more efficient. Such particles with enhanced mobility hold promise for in situ ground water remediation. 
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