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“An early and open
examination of the
potential risks of a
new product or

technology iIs not
just good common
sense -- it's good
business strategy.”




“In the Headlines”

“The guidelines are the most
extensive effort yet to address a
vexing issue surrounding the
rapidly expanding field of
nanotechnology; the lack of
Information about whether
materials in such minute sizes
can pose novel or unexpected
hazards.”

New York Times
June 21, 2007



Elements of the Framework

¢+ Comprehensive, practical and flexible system
for evaluating and addressing potential
environmental, health and safety risks across
lifecycle

¢+ Means to guide information development and
update assumptions, decisions, and practices

¢ Tool to document and communicate basis for
actions using output worksheet




A Mix of Old and New

Familiar Elements New Elements
+ RIsk assessment + |Information-driven
* Product + Base sets

development .
+ |terative process

* Litecycle « Flexibility

¢ Transparency
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1. Describe Material & Application

ldentify source and manufacturing process
Review literature

|dentify reference, incumbent and bulk material
counterparts

Describe material and expected applications,
especially differences from incumbent and bulk
materials




2. Profile Lifecycle(s)

¢ Consider full lifecycle

(adapted from www.ami.ac.uk/courses/topics/0109 Ict/)

¢+ Develop “base sets” of EHS information
— Similar to other programs (SIDS, REACH)



http://www.ami.ac.uk/courses/topics/0109_lct/

2. Base Sets: Categories of Information

¢ Physical-chemical properties

¢+ Hazards
— Health hazard
— Environmental hazard
— Environmental fate and behavior

— Safety hazard

¢ EXposure

10



“‘Base Sets” drive Lifecycle Profiles

. Ben_c_hmark Information needed for informed risk
decisions

— Not basis for a full hazard/risk assessment

* Reference point for:
— Factors to consider as early as possible in development

— Type and amount of information expected by market
launch

* Neither a celling nor a floor for info needs
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2A. Base Set Physical & Chemical
Properties

Particle Size

Size Distribution
Surface-Area
Particle Density
Solubility
Dispersability

Bulk Density
Agglomeration State
Chemical Reactivity
Surface Reactivity

*

.

Porosity

Surface Charge
Technical Name
Commercial Name
Common Form

Chemical
Composition

Molecular Structure
Crystal Structure
Physical Form

12



2B. Base Set Health Hazard Data

Short-term Toxicity:

One or more of the following, depending on conditions:

— 28-day inhalation study

— Single-dose instillation study

— 28-day repeated-dose oral toxicity test

» each with full histopathology, over a 90-day observation
period

Skin sensitization/irritation
Skin penetration

Genetic toxicity tests

13



2B. Base Set Environmental
Hazard Data

¢ Acute Aquatic toxicity
— Fish (fathead minnow or rainbow trout)
— Invertebrates (Daphnia)
(acute or chronic depending on conditions)
— Aquatic plants (algae)

¢ Acute Terrestrial toxicity

— Terrestrial invertebrates (earthworms)
— Terrestrial plants
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2B. Base Set Environmental Fate Data

+ Environmental fate

— Physical and chemical properties
— Adsorption-desorption coefficients
— Aggregation or disaggregation

+ Persistence potential screen

— Biodegradabillity test
— Photodegradability / phototransformation
— Stability in water (hydrolysis)

¢ Bioaccumulation potential screen

15



2B. Base Set Safety Hazard Data

Flammability
Explosivity
Incompatibility
Reactivity

Corrosivity

16



2C. Base Set Exposure Data

Manufacture
Processing

Use
Distribution/storage
Environmental releases

Post-use management

17



Triggers for Additional Testing

+ High exposure potential

¢ Significant changes, e.g., in production or
use pattern

¢ Uncertain or high inherent hazard potential
+ Results of base set studies

+ Compensating for lack of data or
uncertainty re: hazard or exposure

18



Additional Health Hazard Data

Biological fate and behavior

Chronic (21 year) inhalation/ingestion toxicity
Chronic dermal irritation/sensitization studies
Developmental and reproductive toxicity
Neurotoxicity studies

More extensive genotoxicity studies

Focused toxicity studies, e.g.:

— Susceptibility studies — animal models
— Allergenicity and immunotoxicity

— Organ function bioassays

19



Use of Default Values
and Assumptions

Rationale

Complete base sets may not be feasible at early
stages of development

Framework provides for the use of “reasonable worst-
case” default values or assumptions

Can be derived from several sources, e.g.:

— analogous bulk materials (e.g., quartz particles), or

— by assigning to highest tier in classification system
Reasonable “worst-case” default assumptions
particularly useful in absence of exposure data

— allow risk assessment and communication

40)



Use of Default Values and
Assumptions (cont.)

Not intended to substitute for toxicity or exposure data
— but allow for a reasonable worst-case assessment In
the absence of data

Can be updated or replaced by the generation of
pertinent hazard and exposure data

Provides for a margin of safety to workers and other
potentially exposed populations and environments

Important for users of default values to share the
assumptions made with key stakeholders

21



Use of Bridging Information

When a NM has few specific hazard data, one way to
Inform decisions is to "bridge” it to a material that has
more robust data

The two materials are entered into a hazard study, with
the well-characterized material serving as a “control” for
the material of interest

The test Is a shorter test than what would be needed for
a more thorough understanding of toxicity of the material
of interest

The strength of the bridging strategy is dependent upon
having robust data on the control material from more
thorough toxicity tests

Example: ultrafine TiO, pulmonary bioassay

22



Pulmonary

Intratracheal

Bioassay Bridging Studies

Inhalation Studies
|

Quartz
Particles

Fine TiO,
Particles

Instillation Studies

ollE e TiO Rutile

uf-TiO,
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3. Evaluate Lifecycle Risks

Consider
chain:

Ing stage of lifecycle, position in value

— Review hazard and exposure profiles

— Evaluate (quantify where possible) nature,
magnitude and likelihood of identified risks

— ldentify knowledge gaps

Develop
“reasona

nlan to fill data needs or develop
nle worst-case assumptions” for

mIssing C

ata elements
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4. Assess Risk Management

Determine needed level of protection to be achieved
through risk management

Assess adequacy of current management & engineering
controls to address identified potential risks

Determine best risk management options

Develop plans for risk management, monitoring,
compliance & reporting

25



5. Decide, Document & Act

Review risk evaluation and risk management
assessment

Consider business, legal and stakeholder issues
Decide whether and, if so, how to proceed

Implement risk management, monitoring & compliance
processes

Determine & initiate additional data collection as needed
Determine product review cycle

Document and report decisions and actions

26



6. Review and Adapt

Conduct reviews on a regular basis and as needed in

response to significant changes in hazard and exposure

Information, production volume, and use profile:

- Evaluate new data or changes

- Review and revise as needed risk evaluation and risk
management decisions

Adapt risk management and collect additional
Information as appropriate

Document and report any new decisions and actions

27



OUTPUT WORKSHEET

An editahie vorsior of iy Dwifpen’ Horksiee? (5 ovailable @ wees Mool inF remsesro i com
Hanomaterial Risk Assessment Decument — [nanomaterial] W r k h
Rection 11 Describe Material and [is Applications O S e e

Develop basio descriptions — general overviess — of the nancacale material and it miended uses.
Ceneral Dverview

Mlaterial Description:
Material soverce or producer:
Mamgacmring provess:
Appearance:

Chewsival composition
Pirysioal jormishape: .
Comoenfrmdion rg an I Z e
Size disrnibaaion;

Solwbility:

Srate of aggreganion or aggiemeration
Maierial CAS number (i appiioable).

i — Record

Main applicotiens {current or expected): S h are

Siage of developmeni
Cieneral physical and mechamenl properties of this moterial:
Past experience with this material or a similar material:
Petential benefits/positdves of the material:
Patential riska'negatives of the materiak

Heaith

Emircmmenial.

Sources of additional infermation:

" Tha senpal cvaraes el contas dnenphiam wfineai ta pade devaly of morw deaiked prafiles of tha I
ertiw relaiad iv haswed and szpasare primtial of varken Riee yshe wapes (rach o macofciare, we, aad asd-cidifn). Thiooeavime
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HAHD Rish Frameweih: June 2007



Case Studies

TiO2 CNTs

Light
Stabilizer

Polymer
Additive

Producer

Proceed

80 hours
$5 K

125 hours
$170 K

Waste

Remediation

Concept

40 hours
$0



Desired Outcomes
Comprehensive, practical, and flexible

Evaluates and addresses the potential risks of
nanoscale materials across the lifecycle

Promotes responsible development of
nanotechnology products

Facilitates public acceptance

Contribute to the development of government
policy on nanotechnology safety
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Environmental Defense — DuPont
Nano Partnership

Co-Leads:
Terry Medley, Global Director, Corporate Regulatory Affairs*
Scott Walsh, Project Managert

Team Members:

Caroline Baier-Anderson, Health Scientistt

John Balbus, Health Program Director¥

John Carberry, Director, Environmental Technology*
Richard Denison, Senior Scientistt

Krish Doraiswamy, Manager, Planning and Business Development, Central Research &
Development*

John Gannon, Research Manager, Environmental Fate & Microbiological Sciences &
Engineering, Central Research & Development*

Gwen Ruta, Alliances Program Directort

Keith Swain, Senior Safety, Health, and Environmental Consultant, Central Research &
Development*

David Warheit, Research Fellow, Haskell Laboratory*
Gary Whiting, Market Development Manager and Research Fellow, Titanium Technologies*

* DuPont, 1007 Market Street, Wilmington, DE 19898
T Environmental Defense, 1875 Connecticut Ave, NW, Washington DC 20009



Environmental Defense — DuPont

Nano Risk Framework
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Includes Case Study summaries and worksheets!

www.nhanoriskframework.com
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Additional Environmental Hazard Data

« ADME studies on aquatic organisms

e Chronic toxicity to soil microorganisms and
sediment- and soil-dwelling organisms

« Further testing for toxicity using additional
terrestrial species

« Avian toxicity testing

* Population/ecosystem-level studies

33



Additional Environmental Fate Data

« Activated sludge respiration inhibition test

e Microorganism toxicity

e Persistence potential in relevant media

* “Inherent” biodegradabillity test

« Aerobic/anaerobic soil or sediment biodegradability
o Adsorption-desorption coefficient

e Potential for transformations via oxidation-reduction
reactions
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Additional Safety Hazard Data

Stability
Decomposition
Polymerization

Photoactivity

35
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