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Outline

• Does nano-X pose an 
environmental risk?  Inquiring 
minds want to know 

• Proposed Center for 
Environmental Implications of 
Nanotechnology (CEIN)

• Successes by ASU researchers



Wiesner et al., ES&T 2006 Stone & Donaldson, 2006

Why do we care about environmental 
risks of nanotechnology?



Nanomaterials are used in everyday life 
(> 500 products to date)

Nano-silver in 
Bandages & socks

Nano-
Aluminum in 

cosmetics

Nano ZnO 
“transparent”

sunscreen

Fullerene in 
“revitalizing”
night creams 

Nano-sized “additives”



Bio-Medical and Bio-Electronic Applications

Ultra-short, single-walled 
carbon nanotubes can be 
loaded with contrast 
agents for enhanced 
medical imaging. (Rice 
Univ.)



Consider:Nano-Ag used in clothing as 
anti-microbial agent

Socks contain nano-silver
• Washing socks 

releases nano-Ag and 
Ag+ into sewage water

• Bacteria in wastewater 
treatment plant biosorb
silver

• Some discharged into 
streams where it is 
toxic to fish



Framework for Fate of Nanoparticles in 
Engineered Systems
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Wastewater 
Treatment plant

Society
Land Application 

of Biosolids

Drinking Water 
Treatment Plant

Society

Wastewater 
Treatment plant

Not Everyone Lives Upstream

>75% of the US population is served by 
centralized wastewater treatment facilities



US Environmental Protection Agency (and 
NSF / DOE /…)
• $1.4 Billion per year on National 

Nanotechnology Initiative
• A few percentage on environmental 

issues turns out to be a lot of $
• NSF solicits $50 M / 10 year center 

on Implications of Nanotechnology



Center for Environmental Implications 
of Nanotechnology

• ASU / UF / Battelle / USGS partnered
• Preproposals – December 2007
• Full proposals – March 2008
• Reverse site visits – May 2008
• Award by end of fiscal year



RFP States Need
• Focus: fundamental research and education on the interactions of naturally derived, 

incidental (i.e., derived from human activity) and engineered nanoparticles and 
nanostructured materials, devices and systems (herein called “nanomaterials”) with 
the environment and living world at all scales. The goal of this Center is to understand the 
potential implications of nanotechnology for environmental health and safety. 

• Essential elements of this Center will include:
Understanding the bioaccumulation of nanomaterials and their effects on living systems including 
their routes of environmental exposure, deposition, transformation, bio-persistence, clearance, and 
translocation, as well as mechanisms for their absorption, distribution, metabolism, and excretion by 
organisms.
Understanding the interactions of nanomaterials with cellular constituents, metabolic networks 
and living tissues including interactions at the molecular, cellular, organ, and systemic levels, and 
effects on organism ontogeny and multi-generational life histories.
Determining the biological impacts of nanomaterials dispersed in the environment including the 
ecological and evolutionary effects of nanomaterials on aquatic and terrestrial ecosystems
such as: species interactions, factors that contribute to bioaccumulation and biomagnification of 
nanomaterials in food webs, distribution of nanomaterials and their byproducts within ecosystems, 
biotic processes that influence the persistence and chemical transformations of nanomaterials in the 
environment, and the mode and duration of effects on ecosystems.

• Proposals may include supporting activities such as the development of sensors to detect 
and characterize nanomaterials and strategies to address the diversity of nanomaterials 
including standard reference materials, measurement standards and protocols. 
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Team Vision
• Vision: to provide the knowledge base necessary to 

ensure the environmental and ecological safety of 
nanotechnologies. This vision will be realized through 
achieving the following goals:

Develop the capabilities to assess the movement, 
transformations, and biological effects of NMs in the 
environment.
Develop integrated models for predicting the interactions of 
nanomaterials with the living world at all scales.
Educate and train future scientists and leaders using novel 
programs directed toward understanding the implications of NMs
for environmental health and safety.
Engage the scientific, regulatory, commercial, and public 
stakeholders to foster development of scientifically sound public 
policy and sustainable business practices in nanotechnology 



Research Paradigm: Risk Assessment
 



Structure of research teams
   Education & Societal Outreach ThrustEducation & Societal Outreach Thrust
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(e.g. , P rinciples, Concepts & Predic tive Models)

Experiment Design & Experiment Design & 
ValidationValidation

Thrust I:                 
Fate & Transport      
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FormationFormation

Analytical 
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Thrust I - Sources, fate, transport, transformation, 
and bioaccumulation of NMs in the environment
• Sources, release rates and natural occurrence 

of NMs in the environment
What are the release rates into, occurrence of 
NMs in, and removal mechanisms from 
wastewater treatment plants (WWTPs)?
How do airborne and terrestrial-based NMs enter 
aquatic systems? 

• Abiotic fate and transport 
How do NM properties (dissolution, passivating
layers, zeta potential) in aquatic environments 
change over time? How does this affect 
interactions between NMs and between NMs and 
other abiotic surfaces? 
Can partitioning models adequately describe the 
distribution of NMs among aquatic components? 

• Biotic fate and transport. 
Where, to what extent and how rapidly do NMs
accumulate in aquatic organisms?
How do NMs facilitate pollutants uptake in 
aquatic organisms?
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Thrust II - Biological Interactions
• Exposure methodology

What is the correct protocols & systems to test biological interactions? 
• Toxicity testing in model organisms.  

For each nanomaterial studied, does it influence growth, reproduction, or survival at 
environmentally plausible concentrations?  If so, how does susceptibility to toxicity vary 
among species and life stages?  Do size and shape of the NM affect organismal responses? 
Are results affected by water and/or sediment chemistry? 
How does NM dissolution, surface passivation and aggregation affect organism response?  
For NM that dissolve, is there a qualitative or quantitative difference in the response of 
organisms to the material in nanoparticulate form versus soluble form? 
Do NMs alter rates of mutation or exert selective pressures that result in adaptive changes?

• Exposure Dosimetry.
Is tissue NM concentration a better predictor of response than water (or sediment) 
concentration?
Are there specific molecular changes induced by exposure to NMs that can be used to 
quantify nanomaterial exposure? 

• Biokinetics related to response (toxicokinetics).
Can differences in uptake, distribution, or elimination can explain species or lifestage
differences in biological response? 

• Toxicodynamics.  
What is the mode of action for the observed response? 



Thrust III: Integrative Ecological Experiments, 
Theory and Computational Approaches

• Mesocosm Experimental Systems, and 
Observatories (NanoTron)

• Integrative Exposure and Ecosystem 
Impact Modeling 

• Earth systems engineering and 
management (ESEM)



Modeling Approach
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Thrust IV - Education and Societal Outreach 
• Mission

Educate and train future science and engineering leaders as 
well as industry and government professionals using novel 
programs directed toward understanding the implications of 
nanomaterials for environmental health and safety. 
Engage the scientific, regulatory, commercial, and public 
stakeholders to foster development of scientifically sound 
public policy and sustainable business practices in 
nanotechnology.

• Scope 
The program will both develop novel educational opportunities 
in this emerging area for learners across the continuum from 
pre-collegiate through lifelong learners, and leverage with 
existing programs across both campuses and at other national 
nano centers that have developed best practices. 



Analytical Core - Synthesis, Characterization, 
Detection and Monitoring of NMs

• Engineer and synthesize customized 
model nanoparticles 

• Characterization in abiotic and 
biological media

• Detection and monitoring of NMs in 
environmental settings – water and 
sediment. 

• Promote standardized materials and 
methods applicable to NM research 



Current Success by ASU Eco-Nano Group

• 4 USEPA Projects ($400K each) - PIs are 
Westerhoff or Chen

• 1 DOE Project ??? ($400K) – Posner is PI
• Water Environment Research Foundation Award 

($100K) – Westerhoff is PI
• Numerous projects related to beneficial use of 

nano-X for environmental applications
• Numerous invited talks, book chapters and 

journal publications
• See our POSTER for some details
• Contact: p.westerhoff@asu.edu


