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Characterizing metal-based nanoparticles in surface water by single-particle ICPMS 
Eward M. Heithmar, heithmar.ed@epa.gov, National Exposure Research Laboratory, U.S. Environmental Protection Agency, 944 E. Harmon Avenue, Las Vegas, NV 89119, Fax: 702-798-2142 

Engineered metal-based nanomaterials are being used in increasing quantities in consumer and industrial products. These materials may be introduced into surface waters by a variety of paths depending on usage, and will be superimposed on concentrations of other particles containing these metals. Monitoring trends in the concentration, size distribution, and metal content of nanoparticles in surface water over time can indicate potential exposure of ecosystems to engineered nanomaterials. These measurements have been made with hyphenated instrumental techniques such as flow-field flow fractionation coupled with ICPMS. Alternatively, metal concentrations of operationally defined size fractions have been estimated by filtration and ultrafiltration followed by elemental determination. ICPMS in the single particle (SP) mode measures the intensity and frequency of signal pulses resulting from ion plumes of a metal from individual nanoparticles in the ICP. SP-ICPMS can provide the number density of particles, as well as the mass of the measured metal in the particles. It can therefore estimate the size of particles, if composition is assumed; or it can provide information on possible compositions if particle size is known. Factors that influence the sensitivity, accuracy, and precision of SP-ICPMS are demonstrated using monodisperse suspensions of metal-based nanoparticles. SP-ICPMS of several metals in native and nanoparticle-amended surface water is presented. 
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Physical-chemical characterization of residues from alteration of engineered nanomaterials: Commercialized sunscreens containing titanium dioxide nanoparticles 
Celine Botta1, botta@cerege.fr, Jerome Labille2, labille@cerege.fr, Imen Gatri1, Jinghuan Feng2, Ernest M. Hotze1, ehotze@cerege.fr, Soryong Chae3, Perrine Chaurand1, Daniel Borschneck2, Marie-Ange Diot2, Natacha Solovitch-Vella1, Armand Masion4, masion@cerege.fr, Jean-Yves Bottero4, bottero@cerege.fr, Mark R. Wiesner3, wiesner@duke.edu, and Jérôme Rose4, rose@cerege.fr. (1) Centre Européen de Recherche et d’Enseignement des Géosciences de l’Environnement, Europole Méditerranéen de l'Arbois BP 80, Aix En Provence 13545, France, (2) European Center for Research and Education in Environment and Geochemistry, CEREGE, 13545 Aix-en- Provence, France, (3) Center for the Environmental Implications of NanoTechnology, Duke University, Durham, NC 27708-0287, (4) UMR 6635 CNRS/Aix-Marseille III, CEREGE, Aix-en-Provence 13545, France 

This study focuses on sunscreen formulations containing titanium dioxide nanoparticles (nano-TiO2) added due to their absorption capacity for UV rays. Nonetheless, TiO2 has recently been classified as a probable human carcinogen by the International Agency for Research on Cancer. Therefore, the evaluation of the behaviour of nano-TiO2 released by commercial sunscreens in water and altered by solar irradiation is appropriate for precautionary purposes. Results from X-ray diffraction demonstrated that titanium was present in rutile form (Figure 1). Granulometric results revealed a rapid dispersion of the products in water, with increasing amounts of particles under 700 nm. Alteration of sunscreens under UV/visible irradiation was carried out during 48h followed by 48h settling. Particle size of the supernatant was determined by light scattering and surface potentials were measured by electrophoretic mobility. Individual particles were also investigated by transmission electron microscopy. Finally, the capacity of residues to induce reactive oxygen species was assessed. 
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Real time single particle-inductively coupled plasma-mass spectrometry for detection and characterization of nanoparticles 
Jon H Monserud, jmonseru@mines.edu, Chemistry and Geochemistry, Colorado School of Mines, Golden, CO 80401, Fax: 303-273-3629, Emily K Lesher, elesher@mines.edu, Environmental Science and Engineering Division, Colorado School of Mines, Golden, CO 80401, and James F. Ranville, jranvill@mines.edu, Department of Chemistry & Geochemistry, Colorado School of Mines, Golden, CO 80401 

Detection of nanoparticles (NPs) at environmental concentrations is a significant challenge. We used inductively coupled plasma-mass spectrometry in real time, single particle mode (RTSP-ICP-MS) for the detection of NPs at low concentrations. RTSP mode is established by using a 10 ms or shorter integration time. Spikes in ion counts occurring above the baseline arise from individual NPs entering the plasma. Spike intensities can be correlated to the size of the NPs. In this study silver NPs were dispersed in nanopure water and the number-based size distributions obtained by the RTSP-ICP-MS method were compared to SEM/TEM. Particle size distributions produced by RTSP-ICP-MS and SEM were in good agreement for low NP concentrations. Samples require dilution to the ppt equivalent Ag level in order to achieve good results. The results suggest that RTSP-ICP-MS is capable of detecting NPs in the range of concentrations that might occur in environmental samples. 
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Detection, separation, and quantification of unlabeled silica nanoparticles in biological media using sedimentation field-flow fractionation 
Soheyl Tadjiki1, st@postnova.com, Shoeleh Assemi2, assemi@earth.utah.edu, Cassandra E. Deering3, cassandra.deering@utah.edu, John M. Veranth3, john.veranth@utah.edu, and Jan D. Miller2, Jan.Miller@utah.edu. (1) Postnova Analytics USA, 230 South 500 East, Suite 120, Salt Lake City, UT 84102, (2) Department of Metallurgical Engineering, College of Mines and Earth Sciences, University of Utah, Salt Lake City, UT 84112, (3) Department of Pharmacology and Toxicology, University of Utah, Salt Lake City, UT 84112 

A rapid, high resolution methodology for characterization, separation, and quantification of unlabeled inorganic nanoparticles extracted from biological media, based on sedimentation field-flow fractionation (SdFFF) and light scattering detection is presented. Silica nanoparticles were added to either human endothelial cell lysate or rat lung tissue homogenate and incubated. The nanoparticles were extracted by acid digestion and then separated and characterized by sedimentation field-flow fractionation. Fractions collected at the peak maxima were analyzed by transmission electron microscopy to verify the size and shape of the isolated nanoparticles. Using the linear relationship between the particle number and the area under the fractogram, the recoveries of particles from the tissue homogenate and cell lysate were calculated as 25% and 79% respectively. The presented methodology facilitates detection, separation, size characterization, and quantification of inorganic nanoparticles in biological samples, within one experimental run. 
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Detection of titanium dioxide in wastewater treatment plants 
Paul K. Westerhoff1, p.westerhoff@asu.edu, Ayla Kiser2, ayla@asu.edu, and Troy M. Benn1, Troy.Benn@asu.edu. (1) Department of Civil and Environmental Engineering, Arizona State University, P.O. Box 875306, Tempe, AZ 85287-5306, Fax: 480-965-0557, (2) Civil and Environmental Engineering, Arizona State University, Tempe, AZ 85287 

Concentrations of titanium throughout a wastewater treatment plant were determined. Size distributions were measured. Electron microscopy was used to differentiate natural from engineered titanium sources. Titanium dioxide was detected in both liquid and biosolid samples. A novel approach was implemented to oxidize organics out of biosolids to enable detection of titanium dioxide. Titanium was present in wastewater effluents at concentrations of 5 to 50 parts per billion, in a size range below 500 nm. This information is critical to understanding typical exposure concentrations to the environment that receives wastewater discharges. The presentation will detail the experimental methods and interpret our field monitoring results. 
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Characterization of fullerene C60 nanomaterials within commercial face cream byproducts 
Ernest M. Hotze1, ehotze@cerege.fr, Soryong Chae2, Yao Xiao2, Jerome Labille3, labille@cerege.fr, Celine Botta1, botta@cerege.fr, Jérôme Rose4, rose@cerege.fr, and Mark R. Wiesner2, wiesner@duke.edu. (1) Centre Européen de Recherche et d’Enseignement des Géosciences de l’Environnement, Europole Méditerranéen de l'Arbois BP 80, Aix En Provence 13545, France, (2) Center for the Environmental Implications of NanoTechnology, Duke University, Durham, NC 27708-0287, (3) European Center for Research and Education in Environment and Geochemistry, CEREGE, 13545 Aix-en- Provence, France, (4) UMR 6635 CNRS/Aix-Marseille III, CEREGE, Aix-en-Provence 13545, France 

One primary route by which nanomaterials will likely permeate into the environment is via degradation of products that are specifically engineered to contain these materials. Skin creams containing fullerene (C60) exemplify products in which incorporation of nanomaterials has begun in earnest. Therefore, in this study three creams were analyzed for their content of nanomaterials both before and after irradiation for at least 48 hours in aqueous medium. Our objectives are twofold: detection of fullerene content in cream degradation products and characterization of these materials. These were accomplished by a variety of methods including: HPLC, X-ray Diffraction, and Electron Microscopy. Carbon compounds found within the creams make it difficult to create an HPLC standard curve with sufficiently low ppb C60 concentrations in toluene (figure 1). Parameters such as salt type, salt concentration, mixing volume between salt and sample, mixing time, temperature, and pH can be optimized for C60 extraction. 
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Engineered metal nanoparticles size sistributions via FFF-ICPMS 
Wenjie Huang, Wenjie.Huang@utah.edu, Department of Chemical Engineering, University of Utah, 50 Soth 1450 Campus Drive, Salt Lake City, UT 84112, and William P. Johnson, William.Johnson@utah.edu, Department of Geology and Geophysics, University of Utah, Salt Lake City, UT 84112 

The health and environmental risks of nanoparticles (NP) have been widely recognized and studied with the use of industrially manufactured nano-powders. It is important to examine the particle size distribution (PSD) for these nano-powders; given that their nominal sizes are often not reflective of their actual sizes in aqueous media. In our work, we used asymmetrical flow field-flow fractionation (AF4) coupled with inductively coupled plasma mass spectrometry (ICP-MS) to examine the PSD of NP of various metal and metal oxide compositions in aqueous suspensions. In AF4, nanoparticles separation occurs in the presence of a cross-flow field perpendicular to the flow axis, in which the particles migrate differentially across the channel and align themselves within different streamlines in the laminar parabolic flow field, resulting in different-sized particles being carried toward the channel exit at different velocities and thus being fractionated. The engineered nanoparticles examined include n-SiO2, n-TiO2, n-CuO, n-ZnO, n-Au and n-Ag. FFF results revealed that, nanoparticles in the correspondent aqueous suspensions are subject to aggregation into poly-dispersed particulates in size ranges much larger than the nominal sizes provided by the manufacturers. The tendency of aggregation of NPs in aqueous media yields concern for interpretation of toxicological data based on expected nominal sizes. Our results also revealed that the calibration curve of FFF using metal NP standards deviated from that with polystyrene sulfonate standards (PPS), indicating that polymer NP may not be desirable for calibrating PSD of the metal NPs. 
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Flow field-flow-fractionation–inductively coupled plasma-mass spectrometry: A tool for characterizing size dependent elemental concentrations in metal-bearing engineered nanoparticles 
Emily K Lesher, elesher@mines.edu, Environmental Science and Engineering Division, Colorado School of Mines, Golden, CO 80401, Fax: 303-273-3413, Sungyun Lee, Gwangju Institute of Science and Technology, and J. F. Ranville, jranvill@mines.edu, Department of Chemistry and Geochemistry, Colorado School of Mines, Golden, CO 80401 

Nanomaterial researchers have realized that characterization is a vital component of any synthesis. Now it is proving to be just as important prior to, during, and after toxicity, fate and transport, and stability studies. Flow field-flow-fractionation (Fl FFF) is a technique that separates nanoscale particles by hydrodynamic diameter. By coupling Fl FFF with online measurement of metals by inductively coupled plasma-mass spectrometry (ICP-MS), we have developed a flexible method to characterize the size, polydispersity, and metal concentrations as a function of diameter for engineered nanoparticles. A characterization of commercially available CdSe-ZnS quantum dots will be presented. 
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Size and elemental distributions of nano- to micro- particulates in the geochemically-stratified Great Salt Lake, Utah 
Ximena Diaz, ximena.diaz@epn.edu.ec, Department of Extractive Metallurgy, Escuela Politécnica Nacional, Quito, Ecuador, William P. Johnson, William.Johnson@utah.edu, Department of Geology and Geophysics, University of Utah, 135 South 1460 East, Salt Lake City, UT 84112, Diego Fernandez, diego.fernandez@utah.edu, Geology & Geophysics, University of Utah, Salt Lake City, UT 84112, and David Naftz, dlnaftz@usgs.gov, Water Resources Division, U.S. Geological Survey, Salt Lake City, UT 84119 

Samples from the anoxic deep and oxic shallow brine layers of the Great Salt Lake were fractionated using asymmetric flow field-flow fractionation (AF4). The associated trace metals were measured via online collision cell inductively-coupled plasma mass spectrometry (CC-ICP-MS). Results showed that of the total (dissolved + particulate) trace metal mass, the percent associated with particulates varied from negligible (e.g. Sb), to greater than 50% (e.g. Al, Fe, Pb). Elements such as Cu, Zn, Mn, Co, Au, Hg, and U were associated with nanoparticles, as well as being present as dissolved species. Particulate-associated trace metals were predominantly associated with particulates larger than 450 nm in size. Among the smaller nanoparticulates (< 450 nm), some trace metals (Ni, Zn, Au and Pb) showed higher percent mass (associated with nanoparticles) in the 0.9 to 7.5 nm size range relative to the 10 to 250 nm size range. 
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