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The Center for the Environmental Implications of NanoTechnology (CEINT) unites world-class groups at four core universities several US university partners, international collaborators, and government labs in a single vision:  to elucidate general principles that determine nanomaterial behavior and translate this knowledge into the language of risk assessment to provide guidance in assessing existing and future concerns surrounding the environmental implications of nanomaterials.  

This is a grand challenge, as the potential diversity of nanomaterials is staggering, with countless variations in size, shape, surface chemistry, chemical composition, coatings and composites. CEINT responds to the challenge of relating a vast array of nanomaterial properties to their potential environmental exposure, biological effects, and ecological consequences. Fundamental questions motivating our research include: 

· What nanomaterial properties and environmental conditions control the spatial and temporal distribution of nanomaterials in the environment? 
· Are there true “nano” effects on transport, bioavailability, toxicity, and other environmental endpoints that go beyond the effect of very high specific surface area? 
· Are there fundamental differences between natural nanomaterials that are ubiquitous in the environment and those that are manufactured? If so, are there evolutionary consequences of these differences? 
· Can the effects of nanomaterials on the environment be predicted from first principles such that fully exploiting the benefits of nanotechnology and managing the risks of these materials on the environment becomes tractable? 
· What educational, technical, and social impediments must be overcome to ensure that nanotechnology evolves as a tool for sustainability rather than an environmental liability?

Our overarching objective is to unravel the role of nanoparticles in ecosystems, their movements through the environment, their interactions with organisms, the mechanisms by which they exert their influence, and thus, their environmental impacts. CEINT accomplishes these vital tasks through an extensive, highly interdisciplinary, and tightly networked community of scientists and laboratories with a shared educational mission and connection to society through exceptional outreach programs. 
Bridging Disciplines, Geography, and Stakeholders
Headquartered at Duke, the Center for the Environmental Implications of Nanotechnology (CEINT) integrates the activities of ecologists, cell and molecular biologists, geochemists, nanochemists, materials scientists, ecotoxicologists, environmental engineers, and mathematicians. Faculty and students from Duke, Carnegie Mellon, Howard, Virginia Tech, Stanford, and the University of Kentucky work together with government laboratories and facilities of the EPA, NIEHS, NIST, and DOE. Our Center has extensive links to other Nanotechnology Science and Engineering Centers and national ecological research facilities. Our international partners span three continents and include some of the most prominent groups working abroad on implications of nanomaterials for ecosystems and human health. To be an effective center and realize the synergies inherent in this large network of researchers, disciplinary and geographical distances must be overcome. We bridge disciplines and distances in our research and educational program using a multi-institutional team-based model we have developed and tested through our experience with international collaborations. This model places students at the center of the collaborative process as powerful catalysts for interdisciplinarity. Our university program includes undergraduate and graduate student fellowships, seminar series, internships, Center and NNIN lab rotations, international and service learning experiences, and annual workshops. Of particular importance to the CEINT is the dialogue that must occur with policy makers, regulators, NGOs and industry. To this end, our Center includes a dedicated policy-translation infrastructure on the ground in Washington, DC. The combination of state-of-the-art facilities for nanomaterials characterization and fabrication, outstanding facilities for ecosystem research, virtual reality tools, and policy-translation groups in Washington DC  are uniquely powerful assets for the CEINT. More broadly, our educational program is inspired by a convergence of disciplines at the nano-scale that sets the stage for a new approach to interdisciplinarity that we envision transforming education from grade school through doctoral study. Research and education are seamlessly connected with our outreach efforts in transferring the knowledge generated within the Center to society at large.
Broader Impacts. The CEINT touches virtually every level of the educational enterprise. Specifically, CEINT currently includes innovative formal curricula development G9-12 and REU experiences. Our recruitment effort will establish a diverse cadre of graduate students through aggressive efforts that will engage traditionally underrepresented minorities and women. Howard University’s status as an HBCU— where approximately 88% of the chemistry, biology, and engineering enrollment is African American— provides a direct path to engage historically under-represented minority students in cutting edge research and nanotechnology policy-making activities. Laboratory rotations of students to Howard from other CEINT partner institutions will further support Howard’s research mission. We link active programs across the Center to enhance the recruitment of URM graduate students, provide connections with other HBCUs and HSIs (Hispanic Serving Institutions), establish relationships with undergraduate research programs, and provide services that enhance the professional preparation of all students associated with this center. 
Multi-scale, Interdisciplinary Research
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Research Needs and Priorities

 To accomplish the Center objectives, we draw on a core of internationally recognized leadership in five areas of expertise: 1) environmental toxicology and ecosystem biology, 2) nanomaterial transport, transformation, and fate in the environment, 3) biogeochemistry of nanomaterials and incidental airborne particulates, 4) nanomaterial chemistry and fabrication and, 5) environmental risk assessment, modeling, and decision sciences. Grouped into three primary research themes and three crosscutting core activities, each of these areas of expertise is vital to a comprehensive investigation of environmental implications of nanomaterials (Figure 1). CEINT research is grouped into three interconnected Themes: 1) Exposure: Transport and Transformations in Laboratory Systems, 2) Cellular and Organismal Responses and, 3) Ecosystem Responses. This research is supported in turn by work in three crosscutting Cores: A) Manufactured Nanomaterials, B) Natural and Incidental Nanomaterials and, C) Modeling, Risk Assessment, and Societal Impacts.

Research advances through multiple scales and at increasing levels of complexity (Figure 2). Beginning with work in Theme 1, we determine how the physical and chemical properties of nanomaterials of defined structure, composition and size dictate their distribution and persistence in the environment (exposure), as well as the effects of biological and chemical transformations on exposure processes. In Theme 2, we examine how these variations in exposure affect bioavailability and single organism endpoints, including hazards such as toxicity. Finally, in Theme 3, we consider how complex interactions in microcosms, mesocosms, and field sites combine to produce exposure and hazards that include large-scale endpoints such as alterations to ecosystem services like nutrient cycling.  From beaker to ecosystem, these studies are bound together by a consideration of types of nanomaterials and the transformations they undergo. Our approach is thus both reductionist and constructionist, allowing observations made in complex systems to be interpreted in the context of fundamental mechanisms elucidated in controlled laboratory systems. 
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Intellectual Merit. Our research addresses the influence of nanomaterials on processes ranging in scale from the subcellular to ecosystems. We will elucidate factors controlling nanomaterial exposure, persistence, bioavailability, toxicity, metabolism, trophic transfer, and impacts on population evolution, and critical ecosystem functions. A distinctive element of our Center is the synthesis of this information into a rigorous risk assessment framework and an accompanying infrastructure to transfer these results into the policy-making community and society at large. Manufactured nanomaterials will be studied not only as possible emerging contaminants, but also as laboratory models that will allow for systematic manipulation of size, functionality, composition, and shape to reveal the relationships that may exist between the properties of nano-scale materials and their bio-chemical interactions. 
The systematic study of nanoparticle properties and their relationships to environmental transport and endpoints will be the foundation for the next generation of risk assessment. By this we mean the ability to relate particle descriptors to environmental function, as opposed to the labor and time consuming paradigm of case-by-case risk assessment. Our research on manufactured, naturally occurring, and incidental nanoparticles recognizes that if data on nanoparticle risk are to be meaningfully interpreted, it is critical to quantify the relative exposures presented by these various sources of nanomaterials. This, and other basic information developed by CEINT, may redefine environmental risk assessment for nanomaterials. Social scientists in CEINT will study the emergence of an industry whose economic benefits are propelling a major expansion in the face of unquantified environmental implications. 
For further information about this project link to www.ceint.duke.edu or email wiesner@duke.edu
Figure 1. Themes, Core areas and activities.


















































Figure 2. Increasing complexity of experimental systems: from controlled laboratory experiments to ecosystems with multiple organisms and phases.








