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COLL 22 

Exposure modeling of engineered nanoparticles in the environment 
Bernd Nowack1, nowack@empa.ch, Nicole C. Mueller1, Fadri Gottschalk1, Tobias Sonderer1, and Roland W. Scholz2. (1) Empa- Swiss Federal Laboratories for Materials Testing and Research, CH-9014 St. Gallen, Switzerland, (2) ETH Zürich, CH-8092 Zurich, Switzerland 

An elementary step towards a quantitative assessment of the risks of new compounds to the environment is to calculate their predicted environmental concentrations (PEC). The aim of this study was to use a life-cycle perspective to model the quantities of engineered nanoparticles released into the environment. The quantification was based on a substance flow analysis from products to air, soil and water. To cope with uncertainties concerning the estimation of the model parameters (e.g. transfer and partitioning coefficients, emission factors) as well as uncertainties about the exposure causal mechanisms (e.g. level of compound production and application), we utilized and combined probabilistic methods, sensitivity and uncertainty analysis. The method was applied to the engineered nanoparticles titanium dioxide, silver, carbon nanotubes, fullerenes, ZnO and carbon black. The PEC-values were then compared to the predicted no effect concentrations (PNEC) derived from the literature to estimate a possible risk. The results of this study make it possible for the first time to carry out a quantitative risk assessment of nanoparticles in the environment and suggest further detailed studies of nano-titanium dioxide. 


COLL 23 

Natural organic matter enhanced mobility of nano zero-valent iron 
Richard L. Johnson1, rjohnson@ebs.ogi.edu, Graham O'Brien Johnson1, James T. Nurmi1, jnurmi@ebs.ogi.edu, and Paul G. Tratnyek2, tratnyek@ebs.ogi.edu. (1) Department of Environmental and Biomolecular Systems, Oregon Health & Science University, Beaverton, OR 97006-8921, Fax: 503-748-1273, (2) Department of Environmental and Biomolecular Systems, Oregon Health & Science University, Beaverton, OR 97006 

Many of the beneficial applications and potential risks of nanometer-sized zero valent iron (nZVI) require substantial mobility in porous media. Available data on the mobility of nZVI is sometimes inconsistent because of the surrogate methods used to detect NP breakthrough and unaccounted for processes affecting colloidal stability. In the absence of natural organic matter (NOM) our column studies confirm that unmodified nZVI is not significantly transported. However, nZVI is readily transported through columns packed with medium sand when NOM is present at concentrations of 20 mg/L or greater. Below 20 mg/L, mobilization was less, and but even at 2 mg/L NOM increased mobility was significant. Spectroscopy and confocal microscopy suggest that NOM associates with agglomerates of nZVI, yielding larger secondary particles, presumably with different surface properties. These results have important implications for installation of nZVI for subsurface remediation and potentially for transport of the nZVI beyond the target remediation zone. 


COLL 24 

Cellular Uptake of Manganese-Based Nanomaterials 
Matthew J. Siegfried1, Simona E. Hunyadi1, Stephanie Jacobs2, Jimei Liu2, JoAn S. Hudson3, Tom C-C Hu2, and Steve M. Serkiz1. (1) Savannah River National Laboratory, Aiken, SC 29808, (2) Radiology, Medical College of Georgia, Augusta, GA 30192, (3) Clemson University, Clemson, SC 29634 

We report on the use of novel manganese based nanomaterials (e.g., Mn, Mn doped silica, and Mn particles containing a Au core) as positive contrast agents for magnetic resonance imaging (MRI). Of fundamental importance to our study is an understanding of the interactions of our Mn-based agents with living cells. STEM cells were incubated with Mn-based nanoparticles and analysis was performed using DLS, MRI, SEM, EDX and TEM. The influence of solution chemistry, nano-particle size, composition and concentration/aggregation on the cellular uptake of various Mn-based nanomaterials will be discussed. 


COLL 25 

C60 transport through saturated quartz sand columns 
Xin Ma1, ma.cissy@epa.gov, Dermont Bouchard1, bouchard.dermont@epa.gov, Carl W. Isaacson2, Isaacson.Carl@epa.gov, and James Weaver3. (1) Ecosystems Research Division, USEPA National Exposure Research Laboratory, 960 College Station Road, Athens, GA 30605, (2) EPA, Athens, GA 30606, (3) Ecosystems Research Division, National Exposure Research Laboratory, US EPA, Athens, GA 30605 

We investigated the effects of background solution chemistry and residence time within the soil column on the transport of aqu/C60 through saturated ultrapure quartz sand columns. Aqu/C60 breakthrough curves were obtained under different pore water velocities, solution pHs, and ionic strengths. Retention profiles along the columns were also obtained. Transport of aqu/C60 through the columns was simulated using a modified form of the 1-D advective-dispersive transport model with terms for non-equilibrium particle attachment and detachment rates, as well as for a limiting particle retention capacity of the collectors. This study represents an initial step in understanding the transport of fullerene aggregates in porous media and lays the groundwork necessary for studying fullerene transport in more complex, environmentally relevant systems. 


COLL 26 

Enhanced environmental mobility of carbon nanotubes in the presence of humic acid and removal from aqueous solution 
Arturo A. Keller, keller@bren.ucsb.edu, Bren School of Environmental Science & Management, University of California, Bren Hall, Santa Barbara, CA 93106, Fax: 805-893-7612, Peng Wang, pwang@bren.ucsb.edu, Donald Bren School of Environmental Science and Management, University of California, Santa Barbara, Santa Barbara, CA 93106, Qihui Shi, Chemistry, University of California, Santa Barbara, Santa Barbara 93106, and Galen Stucky, Department of Chemistry and Biochemistry, University of California Santa Barbara, Santa Barbara, CA 93106-9510 

Carbon nanotubes (CNTs) are structural blocks for the preparation of composites and their production is expected to increase significantly. CNTs are usually not considered potential hazards because of their strong hydrophobicity. Recent studies reported that natural organic matter such as humic acids (HA) can disperse CNTs in the aqueous phase. We investigated the environmental behavior of CNT released into aqueous media, including porous media, and developed a method for removing HA-stabilized CNTs from these waters. Even with a non-spherica shape, the HA-coated CNTs showed considerably higher breakthrough (~ 2 times) and lower deposition rates than natural soil colloids. HA-coated CNTs would be expected to transport longer distances, potentially placing at risk drinking water supplies. To increase the removal of HA-coated CNTs, a new method combining affinity nanoparticle adsorption (magnetic metal oxide nanoparticles and CNTs) with magnetic separation was developed. The removal efficiency was found > 90%. 
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Transport of iron-nickel oxide nanoparticles in porous media 
Yongsuk Hong, Ryan J. Honda, Nosang V. Myung, and Sharon L. Walker, swalker@engr.ucr.edu, Department of Chemical & Environmental Engineering, University of California, Riverside, Riverside, CA 92521 

Iron oxide (i.e., maghemite and hematite) and iron-nickel oxide (i.e., (FeXNi1-X)yOZ) nanoparticles with different electrostatic and magnetic properties were electrochemically synthesized to investigate the effect of electrostatic and magnetic properties upon the stability and mobility of these nanoparticles in aquatic environments. As iron content in the iron-nickel nanoparticles decreased, the isoelectric point and magnetic saturation of the synthesized these iron-nickel oxide nanoparticles increased and decreased, respectively. Results showed that the stability and mobility of nanoparticles were influenced by a combination of electrostatic and magnetic interactions. For example, in the case of iron-nickel oxide nanoparticles, the relative breakthrough of nanoparticles through the packed bed column increased with nickel content in nanoparticles, and the stability of the particles under varying pH conditions showed that these nanoparticles were more stable as electrostatic repulsion increased and magnetic attraction decreased. Implications for the transport of the magnetic nanoparticles in aquatic environments will be further discussed. 
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Transport and application of magnetic permanently confined micelle arrays 
Hongtao Wang1, hwang@bren.ucsb.edu, Arturo A. Keller1, keller@bren.ucsb.edu, and Galen D. Stucky2, stucky@chem.ucsb.edu. (1) Bren School of Environmental Science & Management, University of California, 2326 Bren Hall, Santa Barbara, CA 93106, (2) Department of Chemistry and Biochemistry, U of CA, Santa Barbara, CA 93106 

Today, hydrophobic organic compounds (HOCs) are ubiquitous environmental contaminants. Remediation of HOC contamination from water supplies and the food chain is notoriously challenging due to HOCs' hydrophobicity and thus high sorption onto solid phases in the environment. Another problem is the removal of natural organic matter (NOM) from water. NOM affects the properties of water and makes a strong impact on the effectiveness and operability of treatment processes. In this study, we have synthesized magnetic permanently confined micelle arrays (Mag-PCMAs) nanoparticles which consist of magnetite core and a mesostructured hybrid layer with permanently confined surfactant micelles within the silica mesopores. Mag-PCMAs are reusable sorbents for fast, convenient, and highly efficient removal of HOCs, and they can remove almost 90% NOM from water. Batch and column experiments are performed to assess the transport of Mag-PCMAs in soil. It is found that the transport of Mag-PCMAs varies under different ambient chemical conditions. 


COLL 29 

Predicting fate and transport of nanoparticles (and colloids) in porous media under environmental conditions 
Huilian Ma, huilian.ma@utah.edu and William P. Johnson, William.Johnson@utah.edu, Department of Geology and Geophysics, University of Utah, 135 South 1460 East, Salt Lake City, UT 84112 

With the increasing trend of using engineered nanoparticles in various sectors of our everyday life, the ability to predict their fate in natural water systems is crucial to assess their impact on the environment and human health. Despite the distinct novel properties each individual nanoparticle may exhibit, considerable evidences have shown that in aqueous systems nanoparticles tend to form aggregates with sizes of about 10-100nm; and the transport behavior of these aggregates can be well described based on their effective electrostatic properties using colloidal particles of equivalent size. Therefore, colloidal filtration theory is equally applicable to nanoparticle aggregates. Unfortunately, the challenge lies in that no theory is available yet as of now to successfully predict particle deposition in porous media under environmental conditions (i.e. where repulsion exists between a particle and a collecting surface). Classic colloidal filtration theory (CFT), which is widely used, only succeeded when repulsive energy barriers to deposition are absent. Recent experimental evidences and numerical simulations revealed that other important deposition mechanisms, which are not included in CFT, are taking place in the presence of an energy barrier to deposition (e.g. wedging/straining at grain-to-grain contacts; retention at secondary energy minima). This paper explores new geometric models that are capable of accounting for these mechanisms to predict particle deposition under environmental conditions. 

COLL 30 

Riverbank filtration: Comparison of pilot scale transport with theory 
Vishal Gupta1, Vishal.Gupta@utah.edu, William P. Johnson2, William.Johnson@utah.edu, Pedram Shafieian3, Pedram@asu.edu, Hodon Ryu3, Hodon.Ryu@asu.edu, Absar Alum3, Absar.Alum@asu.edu, Morteza Abbaszadegan3, Morteza.Abbaszadegan@asu.edu, S. A. Hubbs4, stevehubbs@bellsouth.net, and T. Rauch-Williams5, TRauch-Williams@carollo.com. (1) Department of Metallurgical Engineering, University of Utah, 1460 East 135 South, Rm 412, Salt Lake City, UT 84112, (2) Department of Geology and Geophysics, University of Utah, Salt Lake City, UT 84112, (3) Department of Civil and Environmental Engineering, Arizona State University, Tempe, AZ 85287, (4) Water Advice Associates, Louisville, KY 40207, (5) Carollo Engineers, Broomfield, CO 80021 

Pilot-scale column experiments were conducted in this study using natural soil and river water from Ohio river to assess the removal of microbes of size ranging over two orders of magnitude i.e., viruses (0.025-0.065 µm), bacteria (1-2 µm), and Cryptosporidium parvum oocysts (4-7 µm) under conditions representing normal operation and flood scour events. Among these different organisms, the bacterial indicators were transported over the longest distances and highest concentrations; whereas much greater retention was observed for smaller (i.e., viral indicators) and larger (i.e., Cryptosporidium parvum oocysts) microbes. These results are in qualitative agreement with colloid filtration theory (CFT) which predicts the least removal for micron size colloids, suggesting that the respective sizes of the organisms was a dominant control on their transport despite expected differences in their surface characteristics. Increased fluid velocity coupled with decreased ionic strength (representative of major flood events) decreased colloid retention, also in qualitative agreement with CFT. The retention of organisms occurred disproportionately near the source relative to the log-linear expectations of CFT, and this was true both in the presence and absence of a colmation zone, suggesting that microbial removal by the RBF system is not necessarily vulnerable to flood scour of the colmation zone. 
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