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Nanotechnology &

Science Fiction or Science Fact?
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Nanotechnology is turning fiction to reality...

L\F T —mO==2"T =200~/
>/ Countdown to Lift: April 12, 2018
THE ' : e

o P & - ’ J o rm r
GPAGE ELEVATOR COMPANIES 4891 days, 10 hours, 33 minutes, 42 seconds

Single Walled Carbon
nanotubes
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Nanotechnology @

» Definition
« Development/engineering of new devices and materials which

demonstrate unique properties asociated with structures on a
nanometer length-scale

« Nanometer scale: less than ~100 nm

* Includes:
« Engineered nano-scale surface layers
« Engineered nano-scale structures (discrete or heterogeneous)
* Engineered nano-scale devices
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Nanotechnology in context

Nanomaterials Nanointermediates Nano-enabled products
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Caron Nanotubes

Multifunctional nanoparticles

Nanotools

Capital equipment and software used
to visualize, manipulate and model
matter at the nanoscale
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Nanotechnology development and implementation
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Nanotechnology Investment and Impact @
Global R&D Investment in 2004

$0.2 billion Government
B Corporate
" Venture Capital

$4.6 billion

Source: 2004 Lux Research Reference Study: “The Nanotechnology Report 2004”
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Nanotechnology Investment and Impact @
Global forecast of products sold incorporating nanotechnology

Koot 2005 - 2009: 2010 - 2014:
Commercial breakthroughs Nanotechnology becomes
deployments
. open market commonplace
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Source: 2004 Lux Research Report: “Sizing nanotechnology's value chain”
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Nanotechnology is ‘Now’
Selected consumer products

Easton CNT is Carbon 2‘22;:;”“
Real Nanotechnology

The Buckey Ball

Nanoclay
Composite

Easton has an eighty-three year history of leading the market by developing new
the Buckey Ball derives materials and innovative products. Easton has been manufagturing Sporting. goods
A ;:::;7;::“ :’:.: using carbon-fiber composites since 1989 and has been the leading brand of
ity composite bicycle handlebars since theirintroduction in1998.
. A NANOtex
";:.’;"‘: ﬂi’:;: Now Easton’s research and development team is proud to present a revolutionary
atoms, Is simitar to breakthrough in composite materials and'manufacturing:
the structure of the
carbon nanotube.

Discoversd in the sighties,

Nanotechnology is the next frontier in scientific research and advanced manu-

The Carbon Nanotube (CNT) facturing. Nanotechnology deals with the manipulation of materials on an atomic
or molecular scale measured in billionths of a meter (nanometers). Scientists
worldwide are spending countless man-hours and billions of dollars researching
uses for nanotechnology in the areas of electronics, medicine, robotics.and

structural reinforcement.
SPILLS

i 1 in your lap, but you don't mind

de with NANO-TEX™ gpill-resistant fabric

Filtek™ Supreme

Universal Restorative

Say goodbye to microfills and Yo 14 oA er’s next
hybrids with our revolutionary \ g

new nanocomposite based restorative.

Nano fibers

Nanosilica Composite



Sustainability

Nanotechnology and risk

 Nanotechnology - The Motivation

Purposely engineered nanostructured materials and devices
demonstrate new, unigue and non-scalable properties and behavior

e Sustainable Nanotechnology - The Challenge

Does the nature of engineered nanostructured materials and
devices present new health and environmental risks?

How can the benefits of nanotechnology be realized while
proactively minimizing the potential risk?

How can public trust in the technology be maintained?



Nanotechnology in Poplar Culture %
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including Michael
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Public Perceptions %
Macoubrie, September 2005

W Woodrow Wikn = 80 - 85% of public has heard “little”
- | Tie Pew Cranrmancs Tausts or “nothing” about nanotechnology
= Perceived benefits outweigh risks
= Top perceived potential benefits
include:

» Disease detection and treatment

» Environmental remediation

= National Security

= [mproved human abilities

= Cheaper, longer lasting consumer
products

= Top concerns include:
= Military uses

Jane Macoubrie, Senior Advisor, Project

ok ko e i . Long term health effects
= Environmental impacts
@ (3 Q = Loss of freedom and privacy

= Low trust in both government and
industry to manage risk

From: Macoubrie, J. “Nanotechnology: Public Concerns, Reasoning, and Trustin Government”
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Potential Impact of Nanotechnology

Concerns

etQ‘é? od ;.
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[ Volume 7, No. 1

No Small Matter I11I: The Ca:

Industry and government regulators maintain th|
nanoscale materials do not warrant a closer loo!
environmental impacts. In this Occasional Papd
matters!

EtQ ! Occasional Paper Series

s e e ey bbby aad Eerem it

[Volume 7,No. 1 April 2003 |

ETC Group, P.O. Box 68016 RPO Osborne
“Tel: 204 4535259 Fax: 204 2844

Environmental

No Small Matter I1: The Case for a Global Moratorium
Size Matters!

Industry and government regulators maintain that the unique size and properties of
nanoscale materials do not warrant a closer look at the potential health, safety and
environmental impacts. In this Occasional Paper, ETC Group explains why size

matters!

ETC Group, P.O. Box 68016 RPO Osborne Winnipeg MB R3L 2V9 CANADA
Tel: 204 453-5259 Fax: 204 284-7871 www.etegroup.org
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ROYAL

ACADEMY

ENGINEERING

Nanoscience and nanotechnologies:
opportunities and uncertainties

Summary and recommendations




Nanomaterial safety - challenging assumptions

Handling unprocessed single walled nanotube material
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Potential Health Impact @

What makes ‘nano’ different?

Influence of structure on potential health impact
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Unanticipated exposure routes...
Translocation to the brain following inhalation in rodents
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Nanomaterials in the environment
Routes of exposure, uptake, distribution and degradation
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Life Cycle Assessment %

Taking a systems approach to environmental protection

[ Ma*erl_c" ]—P[Manuchfuring]—b[ Distribution [ Use [ Recovery ]
Processing | | Management

- (Rewe )+—

(Remanufacfure) <

Raw Materials Disposal
(Energy, Renewable Resources, (Air Emissions, Liquid and
Nonrenewable Resources) Solid Wastes) T Golden
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National Nanotechnology Initiative &
Strategic Plan

Goal 4: Support responsible
THE NATIONAL development of
NANOTECHNOLOGY INITIATIVE nanotechnology:.

STRATEGIC PLAN « Environmental, health and safety

implications

 Ethical, legal and all other societal
issues

 Program Component Area 7:
Societal Dimensions

« Environmental, health and safety
research

Developed by the Nanoscale Saence Enginqeu'ing

and Technology Subcommittee oo g - 9 ° Educatlon

' ]
Committee on Technology - - \: e _’ '
National Science and Technology Council v s

December 2004 RSO » Broad societal implications

WWW.Nano.gov



Interagency Coordination of Activities &
Nanotechnology, Environment and Health Working Group (NEH]I)

= Working group of the Nanoscale Science, Engineering and
Technology subcommittee (NSET)

= Membership from all relevant regulatory and research agencies,
Office of Science and Technology Policy, and Office of
Management and Budget

= Goals of Working Group:
* Provide for exchange of information among agencies

 Facilitate the identification/prioritization of research and other activities
required for responsible nanotechnology

 Promote communication of information related to the environmental
and health implications of nanotechnology
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2006 National Nanotechnology Initiative investment
Societal Implications

®

Estimates of 2006 NNI Investments within Societal Dimensions Program
Component Area

Environmental, Health, and Education and Ethical, Legal, and
Safety R&D other Societal Issues
NSF $24.0 million $35.5 million
DOD $1.0 million $1.0 million
DOE $0.5 million $0.6 million
HHS(NIH) $3.0 million $5.0 million
DOC(NIST) $0.9 million
NASA
USDA $0.5 million $0.5 million
EPA $4.0 million
HHS (NIOSH) $3.1 million
DOJ $1.5 million
DHS
TOTAL* $38.5 million $42.6 million

Woodrow Wilson Center, Project on Emerging Nanotechnologies
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National Institute for Occupational Safety and Health @
Integrated research into the health impact of carbon nanotubes
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Environmental Protection Agency

= Focus on Nanotechnology:
« Potential for environmental improvement
» Possibility for harmful effects on human health/environment
 EPA’s regulatory responsibilities

o Toxic Substances Control Act, Clean Air Act, Clean Water Act,
Comprehensive Environmental Response, Compensation and
Liability Act/Superfund

» Science to Achieve Results program (STAR)

« 2004 Program: Environmental and Human Health Effects of
nanomaterials

o $7 million, joint with NSF and NIOSH

o 18 Grants Awarded — 14 EPA, 2 — NSF, 2 — NIOSH, To be
announced

« 2005 Program: Environmental and Human Health Effects of
nanomaterials. Announcement expected Fall 2005



National Science Foundation

Center for Biological and Environmental Nanotechnology - Rice University

= Highlights:
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Woodrow Wilson Center, Project on Emerging Nanotechnologies

$12.4 million from NSF, $5.3 million from Rice, over 5 years

> 200 invited “center” presentations; > 200 accepted publications
Research, education, knowledge transfer, commercialization

First observation of carbon nanotube emission and its first application to
biological imaging.

Near-infrared nanoparticles demonstrated to shrink tumors using
photothermal therapy.

First publications in the area of nanotechnology and environmental impact.
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Department of Defense (MURI program)

Physicochemical characteristics and toxicological properties of nanoparticles

Correlating Physico-Chemical and Toxicological Properties

v
in vivo assays

of Nanoparticles
Nanoparticle <
(physico-chemical characterization:
size, external surface area, BET surface area
[porosity], crystallinity, chemical composition,
surface charge)
< biocompatible acellular assays < so{ubt?lty. >
= protein binding v
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3 : : v keletal functi <
§< biocompatible subcellular assays < cytoskeletal function 3
- metabolic effects 3
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Oberdorster, Pui and Biswas

University of Rochester, University of Minnesota, Washington University St. Louis
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Sustainable Nanotechnology
Global initiatives

Europe .

Partnerships
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Woodrow Wilson International Center for Scholars @
Project on Emerging Nanotechnologies

Project on .
Emerging Nanotechnologies

at the Woodrow Wilson International Center for Scholars

THE PEW CHARITABLE TRUSTS
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Project on Emerging Nanotechnologies %
About the Woodrow Wilson International Center for Scholars

« Living memorial to Former President Wilson established by
Congress in 1968

« Non-partisan institution, supported by public and private
funds

* Alively, neutral, domestic and international forum for free
and informed dialogue

 Integrated into the Smithsonian Institute
« 200 staff, fellows, and scholars
« Annual budget of $30m

* Directed by Former US Congressman Lee Hamilton



Project on Emerging Nanotechnologies @

= Goal

* Ensure government and
private sector address the
risks as well as the
benefits of
nanotechnology

NGO
&
Non-Profit

Wilson
- BUdget Center

« $3 million over 2 years

Academia

= Programs

* Meetings, research,
polling, outreach

Created in partnership with the Pew Charitable Trusts
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Project on Emerging Nanotechnologies %
Current activities include...

» Database of federally funded research on environmental,
safety and health implications
* Providing an overview of research focuses and gaps

= Review of airborne nanomaterial exposure measurement
requirements

« Evaluating current capabilities and research/development needs

= Use of gene arrays in ecotoxicity screening

» Developing rapid, cost-effective screening assays for early detection
of potential issues

» Facilitating domestic and international partnerships



Looking to the Future

Successful implementation of sustainable nanotechnologies

Woodrow Wilson Center, Project on Emerging Nanotechnologies

www.liftport.com
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Summary %

Nanotechnology is a revolutionary technology
= Significant societal and economic benefits are anticipated
= Conventional risk management models are being challenged

» Successful development and implementation of
nanotechnology will require an integrated approach to risk

» Global, interdisciplinary and cross-sector partnerships are
essential to developing sustainable nanotechnologies
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