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9:10 —74. Aggregation kinetics of carbon nanotubes in the presence of biomacromolecules. N. B. Saleh, L. D. Pfefferle, M. Elimelech

9:35 —75. Bacterial toxicity of carbon-based nanomaterials: Implication for natural and engineered aquatic system. S. Kang, M. S. Mauter, M. Elimelech

10:00 —76. Behavior of natural and laboratory prepared metal oxyhydroxides in a constructed wetland system receiving acid mine drainage. B. N. Gartman, J. F. Ranville
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10:40 —77. Detection of nanosilver and fullerenes in several commercial products. P. K. Westerhoff, T. M. Benn, B. Cavanagh

11:05 —78. Effects of pH and hardness on the environmental stability of ZnS and CdS nanoparticles. B -T. Lee, A. Striz, J. F. Ranville
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Aggregation kinetics of carbon nanotubes in the presence of biomacromolecules 
Navid B Saleh1, salehn@engr.sc.edu, Lisa D Pfefferle2, lisa.pfefferle@yale.edu, and Menachem Elimelech2, menachem.elimelech@yale.edu. (1) Civil and Environmental Engineering, University of South Carolina, 300 Main Street, Columbia, SC 29208, Fax: 803-777-0670, (2) Department of Chemical Engineering, Yale University, New Haven, CT 06520-8286 

Carbon nanotubes (CNTs) have a widespread potential for application due to their unique physicochemical properties. There has been lack of studies aimed at understanding the aggregation behavior of CNTs in the presence of macromolecules of environmental and biomedical relevance. A systematic study of CNT aggregation kinetics is essential in order to predict their fate and interaction in environmental and biological systems. Effects of macromolecules such as natural organic matter, polysaccharides, proteins, and lipids on the aggregation kinetics of single-walled and multi-walled carbon nanotubes (SWNTs and MWNTs) were evaluated in this study. CNTs were characterized using Raman scattering (for state of defect), thermo gravimetric analysis (for metal impurities), transmission electron microscopy (for length and diameter distribution), Fourier transformed infrared spectroscopy (for functional groups), and electrophoretic mobility (for surface charge). The aggregation kinetics of CNTs were slowed down considerably in the presence of the macromolecules with proteins having the most profound effect. Calcium ions showed specific interaction with alginate (polysaccharide) and resulted in enhanced aggregation. Steric repulsion is proposed to be the mechanism of enhanced stability in presence of the macromolecules. 
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Bacterial toxicity of carbon-based nanomaterials: Implication for natural and engineered aquatic system 
Seoktae Kang1, seoktae.kang@yale.edu, Meagan S. Mauter1, and Menachem Elimelech2, menachem.elimelech@yale.edu. (1) Department of Chemical Engineering, Environmental Engineering Program, Yale University, Mason Laboratory 204, 9 Hillhouse Ave., New Haven, CT 06520, Fax: 203-432-2895, (2) Department of Chemical Engineering, Yale University, New Haven, CT 06520 

We compare the toxicity of four carbon-based nanomaterials (CBNs) in gram negative and gram positive bacteria and evaluate the potential impacts of CBN in natural and engineered aquatic systems. Single-walled carbon nanotubes (SWNTs) consistently inactivate the highest percentage of cells in monocultures of Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, and Staphylococcus epidermis, as well as in the diverse microbial communities of river water and wastewater effluent. Bacterial cytotoxicity displays time dependence in these systems, with longer exposure times accentuating toxicity in monocultures with initial tolerance for SWNTs. The physicochemical properties, and thus the bacterial cytotoxicity, of CBNs are also affected by the chemical composition of the receiving water body. Adsorbed NOM on SWNT aggregates reduces the attachment of bacteria but does not mitigate the antimicrobial activity of SWNT for cells that are successfully deposited. This study further evaluates the effectiveness of model organisms in predicting the cytotoxicity of CBN in chemically and biologically complex natural and engineered aquatic systems. 
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Behavior of natural and laboratory prepared metal oxyhydroxides in a constructed wetland system receiving acid mine drainage 
Brandy N. Gartman, bgartman@mines.edu and James F. Ranville, jranvill@mines.edu, Department of Chemistry and Geochemistry, Colorado School of Mines, 1500 Illinois, Golden, CO 80401 

Natural nanoparticulate (NNP) metal oxides and oxyhydroxides are important in acid mine drainage systems (AMD). NNPs influence trace metal speciation through sorption and coprecipitation. The behavior of NNP is influenced by aggregation and settling. NNPs may also serve as surrogates for examining the environmental behavior of engineered nanoparticles (ENP). We examined NNP and laboratory-prepared ENPs in a series of constructed wetlands receiving AMD. The NNPs and ENPs were characterized for particle size, specific surface area, morphology, and surface chemistry. Specifically, the behavior of Fe, Al, Zn, Ni, and Cu was examined. We identified the transformation of trace metals between NP, colloidal, and suspended sediment phases. The effectiveness of the wetlands for removing NP-associated metals was investigated. Furthermore differences between a system receiving AMD-only and AMD mixed with wastewater effluent were investigated. 
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Detection of nanosilver and fullerenes in several commercial products 
Paul K. Westerhoff, p.westerhoff@asu.edu, Troy M. Benn, Troy.Benn@asu.edu, and Bridget Cavanagh, Bridget.Cavanagh@asu.edu, Department of Civil and Environmental Engineering, Arizona State University, P.O. Box 875306, Tempe, AZ 85287-5306, Fax: 480-965-0557 

Over a dozen commercial products (crèmes, perfumes, toys, toothpaste, medical devices) have been obtained and analyzed for the presence of nanosilver or fullerenes. For nanosilver, the products were acid digested to determine total silver content. Electron microscopy of non-digested samples was analyzed to determine the morphology of the nanosilver products. Water soluble silver was measured by ISE, sequential filtration and electron microscopy. Products advertized to contain fullerenes were processed (solvent extraction, thermal heating, oxidant treatment) as needed and then fullerenes (C60 and C70) were measured by LC/MS. The findings of this study are important to assess which products contain nanomaterials that may enter the environment or come into contact with humans. 
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Effects of pH and hardness on the environmental stability of ZnS and CdS nanoparticles 
Byung-Tae Lee, btlee@mines.edu, Anneliese Striz, astriz@mines.edu, and James F. Ranville, jranvill@mines.edu, Department of Chemistry and Geochemistry, Colorado School of Mines, 1500 Illinois, Golden, CO 80401, Fax: 303-273-3629 

Rapid growth of nanotechnology may lead to the exposure of the aquatic environment to engineered nanoparticles (ENPs). Understanding the behavior of ENPs in the aquatic environment is a prerequisite for assessing the risk to aquatic life. ENPs are retained in the water column by dispersive and diffusive processes; however they may also agglomerate and/or dissolve. ENPs of ZnS and CdS were synthesized by an aqueous low-temperature method using polyethylenimine (PEI) as a surface modifier. The resulting ENPs were characterized using spectroscopy and TEM. The effects of pH and hardness on dissolution or aggregation were assessed. ENP stability was characterized over time using spectroscopic, microscopic (TEM), and elemental analysis (ICP-MS) methods. Serial filtration and ultrafiltration followed by ICP-MS analysis were used to determine dissolved or colloidal concentration of Zn and Cd. The results can be used to examine the relative importance of metal exposure by dissolved or NP metal species.
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