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Nano Risk Management:
Today’s Objectives

Explain need
Describe tools
Practice exercise
Provide examples
Answer questions




Nanoscale Science & Engineering

“T he creation of functional materials, devices, and systems
through control of matter on the nanometer (1 to 100+ nm)
length scale and the application of novel properties  and
phenomena developed at that scale.”

Cell Nucleus

Human

g ra AT ~2 millimeters ~2 micrometers ~2.5 nanometers wide

Applications Relevant to Virtually every Materials Market

* Medical Applications
Devices and Microelectronics
Energy/Industrial
Bioremediation
Coatings and Dispersions




Nanostructures Enable Unique Properties
& Combinations
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Tiny changes
make big differences
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At this scale,
materials act differently
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Some Emerging Concerns

Mobile?
Reactive?
Persistent?
Unpredictable?




Key Challenge:
Fostering Innovation and Minimizing Risk

“A challenge for environmental protection is to help fully realize the
societal benefits of nanotechnology while identifying and
minimizing any adverse impact to humans or ecosystems from
exposure to nanomaterials.

“In addition, we need to understand how to best apply
nanotechnology This understanding will come from scientific
Information generated by environmental research and development
activities within government agencies, academia, and the private
sector.”

U.S. Environmental Protection Agency Nanotechnology White Paper
February 2007




Government Responses

Federal International
EPA e OECD
FDA e UK, Australia,
DOE Germany ...

NIOSH

Local
State » Berkeley
¢ ?  Cambridge




Developing Standards

ASTM
OECD
BSI
1ISO




External Pressures

NGOs Businesses
* Reports  Chemicals

e Resolutions  Manufacturing
e Campaigns e Retall
e |nsurance




Drivers for Nano Policies

Attractive applications
EHS uncertainties
Potential liabilities
Evolving policy
Developing standards
External pressures

How should businesses respond?




Nano Risk Management:
Today’s Objectives

* Explain need

e Describe tools

* Practice exercise
* Provide examples
e Answer questions




Codes, Principles and Frameworks

NanoSafe (Luna)

CENARIOS (Innovation Society)

Responsible Nano Code (NIA)

Principles for Responsible Nano (NGO coalition)

Nano Risk Framework




Nano Risk Framework

Obijective:

A systematic and disciplined process for identifying, managing, and reducing
potential environmental safety and health risks of engineered nanomaterials
across all stages of a product’s lifecycle.

Scope.:

Offers guidance on the key questions and necessary information to make
sound risk evaluations and risk-management decisions in developing
applications of nanomaterials

Audience:

Primary: Organizations actively working with nanomaterials
Secondary: Government, Academia, Financial Institutions, NGOs




A Teamwork Approach

e

ENVIRONMENTAL DEFENSE

finding the ways that work
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examination of the
potential risks of a
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just good common

sense— iit's good

business strategy.”




Comprehensive, Flexible and Practical

Comprehensive

Lifecycle Approach

Base Sets (Properties, Hazards, Exposure)
Cross-Functional Review

Review and Adapt

Flexible

Appropriate to Stage of Development
Data Generation

Conservative Assumptions
Appropriate Bridging

Expert Judgment

Practical

Familiar risk assessment paradigm
Typical development process
Complements product stewardship




Reactions to the Framework

“The most extensive effort yet to address ... the lack of information about
whether [nanomaterials] can pose novel or unexpected hazards.”
- The New York Times

“Insurers ... would do well to seek evidence of whether projects they are
covering have followed this framework.” - Lloyd’s

“Arguably sets a “Standard of Care” for the Nanotechnology Industry and
beyond” - General Electric

“Thank You ” - Nanostellar
- U.S. Department of Defense

- American Chemistry Council

- European Nanotechnology Trade Alliance




Risk Framework

RN

Describe
Material
&
Application

Profile
Lifecycle(s)

Properties

Hazards

Exposure

Evaluate
Risks

Assess
Risk Mgmt

Decide,
Document
&

Act

Review
&
Adapt

Assess, prioritize & generate data




E AT
Describe Material & App

Profile Lifecycle(s)
Evaluate Risks
Assess Risk Mgmt

Decide, Document & Act
|dentify source and manufacturing process

Review & Adapt

Review literature
|dentify reference, incumbent and bulk counterparts

Describe material and expected applications
(especially differences from incumbent and bulk)




Describe Material & App
Profile Lifecycle(s)
Evaluate Risks

Assess Risk Mgmt
Decide, Document & Act

Review & Adapt

Properties
REVLIOS

Exposure
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Properties

Profile Lifecycle(s)



Profile Lifecycle(s) Hazards



Profile Lifecycle(s)

Exposure



Triggers for Addltlonel Tesiting



Acdlditional Flealir



Magnitude

Evaluate Risks

Probability




Assess Risk Mgmt



Decide, Document & Act






Review & Adapt



Nero FIsk Frameaework
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6,200+ visitors to the web site

Representing 89 countries
Downloaded 2,8004#times

7000

- 6000

- 5000

- 4000

- 3000

- 2000

- 1000

(as of Apr 1, 2008)

Sep Oct Nov Dec Jan Feb Mar Apr



Botswana, Brazil, Bulgaria, Canada, Chile, China, Colombia,
Egypt, Estonia, Finland, France, Germany, Great Britain, Greece,
Israel, Italy, Japan, Kenya, Republic of Korea, Kuwalit, Latvia,
Luxembourg, Malaysia, Malta, Mauritius, Mexico, Moldova,
Nicaragua, Nigeria, Northern Mariana Islands, Norway, Pakistan,
Russian Federation, Saudi Arabia, Singapore, Slovakia, Slovenia,

Tanzania, Thailand, Turkey, Uganda, Ukraine, United Arab Emirates,






e Practice exercise












* Provide examples



TiO2

CNTs

Light
Stabilizer

ZVI

Polymer
Additive

Waste
Remediation

Producer >> User >> Customer>

é)mmercial< < R&D << Concept

125 hours
$170 K

80 hours
$5 K

40 hours
$0













These are just SOME examples...



These are just SOME examples...






PQ“t?rltZ Fine TiO2
R Particles

Anatase /
Rutile
uf-TiO2

Quartz Fine TiO2 Rutile
Particles Particles uf-TiO2
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