DIVISION OF ENVIRONMENTAL CHEMISTRY 

237th ACS National Meeting

Salt Lake City, Utah
March 22-26, 2009
THURSDAY MORNING
Nanotoxicology: Ecotoxicity of Manufactured Nanomaterials


N. F. Savage and S. R. Al-Abed, Organizers
8:30 — Introductory Remarks. 

8:40 —235. Aquatic toxicity of carbon-based nanomaterials at sediment-water interfaces. B. Deng
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Aquatic toxicity of carbon-based nanomaterials at sediment-water interfaces 
Baolin Deng, dengb@missouri.edu, Department of Civil and Environmental Engineering, University of Missouri, Columbia, MO 65211, Fax: 573-882-4784 

This study examined the toxicity of carbon-based one-dimensional (1-D) nanomaterials toward aquatic organisms that inhabit sediment-water interfaces and to identify factors controlling the toxicity towards these sediment-dwelling organisms. Tested materials include silicon-carbide nanowires, single-walled carbon nanotubes, and multi-walled carbon nanotubes. The testing results up to 14-day in water showed that these nanomaterials demonstrated toxicity to amphipods (Hyalella azteca), midge (Chironomus dilutus) and oligochaetes (Lumbriculus variegatus) under at some tested conditions. Efforts were devoted to differentiate the toxic effect derived from (i) soluble metals released from metal-loaded nanomaterials, (ii) toxicity due to metal-free nanomaterials, and (iii) metals bound to the nanomaterials. It appeared that metals such as nickel solubilised from the nanomaterials contributed to the observed toxic effect, but could not explain all toxic effect, indicating that nanomaterials had intrinsic toxicity. Tests with 1% of nanomaterials dispersed in sediments also showed toxic effect to H. azteca. 
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Bacteria–quantum dot interactions: Towards an environmental perspective 
Deborah M. Aruguete1, aruguete@vt.edu, Jeremy S. Guest2, jsguest@umich.edu, Nancy G. Love2, nglove@umich.edu, and Michael F. Hochella Jr.1, hochella@vt.edu. (1) Department of Geosciences, Virginia Tech, 4044 Derring Hall, Blacksburg, VA 24061, (2) Department of Civil and Environmental Engineering, University of Michigan, Ann Arbor, MI 48109 

Colloidal semiconductor nanoparticles, or quantum dots (QDs) are highly applicable in multiple nanotechnologies. Significant quantities of QDs may be released into the environment in the future. To understand the potential environmental fate and impact of QDs, the interactions between CdSe/CdS QDs and an environmentally-common bacterial species, Pseudomonas aeruginosa, have been studied. Polymer-micelle encapsulated QDs were studied due to their commercial relevance, and studies were conducted in minimal media. The physical state of QDs before and after exposure to bacteria was examined with fluorescence and absorption spectroscopy, and transmission electron microscopy. Bacterial growth with QDs was measured and compared to growth with equimolar amounts of ionic cadmium and selenium. While ionic cadmium and selenium inhibited growth, the QDs remained intact and did not affect growth. These results suggest that under these conditions, QDs remain stable and are not detrimental to P. aeruginosa, which may have implications for environmental systems. 
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Correlations between surface structure and toxicity of nanoparticles 
Prabir K. Dutta, Dutta.1@OSU.edu, Department of Chemistry, Ohio State University, 100 W 18th Avenue, Columbus, OH 43210, and W. James Waldman, The Ohio State University 

Our work focuses on correlations between biological activity and physicochemical characteristics of minerals and particulates. Naturally occurring zeolite erionite is highly toxic and causes mesothelioma and is more carcinogenic than crocidolite asbestos. For erionite, its toxicity is commonly associated with the iron that accumulates on its surface via ion-exchange, however, mordenite also has ion exchange abilities and to some extent a fibrous morphology, but, it is not carcinogenic. Thus, our studies on the difference in the biological and chemical reactivity of these two minerals provide insight about mineral toxicity. We have examined carbon-based particles to identify specific particulate physicochemical characteristics which determine bioactivity. The differential ability of the various particulates to induce oxidative stress was determined by measuring extracellular reactive oxygen species, as well as assays for induction of inflammatory endothelial adhesion molecule expression by immunofluorescence flow cytometry. These studies have relevance to the environmental impact of engineered nanomaterials. 
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High throughput screening as an enabling technology for studying the ecotoxicology of nanomaterials 
Hilary Arnold Godwin, hgodwin@ucla.edu, Environmental Health Sciences Department, School of Public Health, UCLA, 66-062B CHS, BOX 951772, Los Angeles, CA 90095 

Of the more than 50,000 chemicals that are currently used commercially, fewer than 1,000 have been fully assessed for toxicology and environmental impact. As a result, the National Research Council and National Academy of Sciences have recently issued a report recommending that new, high-throughput approaches be used to test the biological activity and toxicology of existing compounds to enable the development of predictive models of toxicology. The use of high-throughput screening should prove particularly useful for investigating the toxicology of nanomaterials, where the possibilities for the creation of new materials with diverse properties are astronomical. The role that high-throughput screening will play in the new UC Center for Environmental Implications of Nanotechnology and both the challenges and the opportunities afforded by this approach will be highlighted in this presentation. In addition, the need for the establishment of standard reference materials, standard protocols, and IT infrastructure for sharing toxicology data internationally will be discussed. 
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Nanostructured metal oxides: Syntheses, properties, and nanotoxicology 
Won Hyuk Suh1, Allison M. Horst2, John H. Priester2, Galen D. Stucky1, and Patricia A. Holden2. (1) Department of Chemistry and Biochemistry, Materials Department, University of California, Santa Barbara, Santa Barbara, CA 93106, Fax: 805-893-4120, (2) Bren School of Environmental Science & Management, University of California, Santa Barbara, Santa Barbara, CA 93106 

Materials incorporating sub-100 nm size scales exhibit distinctive physicochemical properties compared to their bulk physical states. Metal oxides, for instance, have been the focus of multiple research projects both from industry and academia in the nanoparticle form that includes TiO2, SiO2, ZnO, and CeO2. The syntheses and materials' properties of such nanomaterials will be reviewed and discussed based on research conducted in our labs as well as others. Our multidisciplinary research findings will be discussed using key properties such as surface chemistry and crystallinity of materials. The cell biology of eukaryotic and prokaryotic organisms is further discussed and multiple examples of nanostructured materials' control over biological properties are presented under the context of nanotoxicology - the toxicology evaluation of nanomaterials. A special focus will be given to titanium dioxide based nanomaterials and Pseudomonas aeruginosa, an environmentally-prevalent bacterial species. 
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Novel sensors for quantitation and cytotoxicity of selected nanomaterials 
Samuel. N Kikandi1, skikand1@binghamton.edu, Qiong Wang1, qwang3@binghamton.edu, Omowunmi. A Sadik1, osadik@binghamton.edu, and Katrina. E Varner2, varner.katrina@epamail.epa.gov. (1) Department of Chemistry, State University of New York at Binghamton, 4400 Vestal Pkwy E, Binghamton, NY 13902, (2) Characterization Research Division, U.S. EPA/NERL, Las Vegas, NV 89193 

Environmental nanotechnology—the science of engaging matter at the nanoscale level, and its potential application for “green” chemical products and processes, risk assessment, remediation, and exposure studies—offers a variety of new products and problems. Intentional or incidental release of these materials into the environment creates associated risks that are difficult to monitor than those previously encountered. With this emerging technology, one area of specific interest to the EPA is the detection of engineered nanomaterials (ENMs) that can be accurately assessed and monitored. The desired technology should be capable of in situ, remote and continuously reflecting the concentrations of these materials. In this presentation, we will describe the development of electrochemical quartz crystal microbalance sensor for continuous monitoring of engineered nanomaterials. This sensor is capable of distinguishing between engineered nanomaterials (e.g., hybrid organic metal nanoparticles), and naturally occurring nanomaterials (e.g., living bacteria and spores) that may be present in the environment.
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