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Nano Risk Management:
Today’s Objectives

• Explain need
• Describe tools
• Practice exercise
• Provide examples
• Answer questions
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“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.”

~2 meters

Human

~2 millimeters

Gnat

~2 micrometers

Cell Nucleus

~2.5 nanometers wide

DNA

Nanoscale Science & Engineering

Applications Relevant to Virtually every Materials Market
• Medical Applications
• Devices and Microelectronics
• Energy/Industrial
• Bioremediation
• Coatings and Dispersions
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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?
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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
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Government Responses

Federal

• EPA
• FDA

• DOE
• NIOSH

State

• ?

International

• OECD

• UK, Australia, 
Germany …

Local

• Berkeley
• Cambridge
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Developing Standards

• ASTM 
• OECD
• BSI
• ISO
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External Pressures

NGOs
• Reports    
• Resolutions 
• Campaigns

Businesses
• Chemicals
• Manufacturing
• Retail
• Insurance
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Drivers for Nano Policies

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

How should businesses respond?How should businesses respond?How should businesses respond?How should businesses respond?
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Nano Risk Management:
Today’s Objectives

• Explain need
• Describe tools
• Practice exercise
• Provide examples
• Answer questions
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Codes, Principles and Frameworks

NanoSafe (Luna)
CENARIOS (Innovation Society)
Responsible Nano Code (NIA)
Principles for Responsible Nano (NGO coalition) 

Nano Risk Framework 
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Nano Risk Framework
Objective:

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
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A Teamwork Approach
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““““An early and open An early and open An early and open An early and open 
examination of the examination of the examination of the examination of the 
potential risks of a potential risks of a potential risks of a potential risks of a 
new product or new product or new product or new product or 
technology is not technology is not technology is not technology is not 
just good common just good common just good common just good common 
sense sense sense sense -------- it's good it's good it's good it's good 
business strategy.business strategy.business strategy.business strategy.””””
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Comprehensive, Flexible and PracticalComprehensive, Flexible and PracticalComprehensive, Flexible and PracticalComprehensive, Flexible and Practical

ComprehensiveComprehensiveComprehensiveComprehensive
Lifecycle Approach
Base Sets (Properties, Hazards, Exposure)
Cross-Functional Review
Review and Adapt

FlexibleFlexibleFlexibleFlexible
Appropriate to Stage of Development 
Data Generation
Conservative Assumptions
Appropriate Bridging
Expert Judgment

PracticalPracticalPracticalPractical
Familiar risk assessment paradigm
Typical development process
Complements product stewardship
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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
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Evaluate Evaluate Evaluate Evaluate 
RisksRisksRisksRisks

ProfileProfileProfileProfile
Lifecycle(s)Lifecycle(s)Lifecycle(s)Lifecycle(s)

ExposureExposureExposureExposure

HazardsHazardsHazardsHazards

PropertiesPropertiesPropertiesProperties
Assess Assess Assess Assess 

Risk MgmtRisk MgmtRisk MgmtRisk Mgmt

Decide,Decide,Decide,Decide,
DocumentDocumentDocumentDocument

&&&&
ActActActAct

Describe Describe Describe Describe 
Material Material Material Material 

&&&&
ApplicationApplicationApplicationApplication

ReviewReviewReviewReview
&&&&

AdaptAdaptAdaptAdapt

IterateIterateIterateIterate

Assess, prioritize & generate dataAssess, prioritize & generate dataAssess, prioritize & generate dataAssess, prioritize & generate data

Nano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk Framework
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Describe Material & App

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt
Identify source and manufacturing process

Review literature 

Identify reference, incumbent and bulk counterparts

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

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

Exposure

Hazards

Properties
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““““““““ Base SetsBase SetsBase SetsBase SetsBase SetsBase SetsBase SetsBase Sets”””””””” drive drive drive drive drive drive drive drive ““““““““ Lifecycle ProfilesLifecycle ProfilesLifecycle ProfilesLifecycle ProfilesLifecycle ProfilesLifecycle ProfilesLifecycle ProfilesLifecycle Profiles ””””””””

• Benchmark 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 ceiling nor a floor for info needs

• Analogous to sets used in other programs 
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Base Sets Categories of InformationBase Sets Categories of InformationBase Sets Categories of InformationBase Sets Categories of InformationBase Sets Categories of InformationBase Sets Categories of InformationBase Sets Categories of InformationBase Sets Categories of Information

• Physical-chemical properties

• Hazards
– Health hazard
– Environmental hazard
– Environmental fate and behavior
– Safety hazard

• Exposure
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Exposure

Properties

Hazards

Porosity

Surface Charge
Technical Name

Commercial Name

Common Form
Chemical Composition

Molecular Structure

Crystal Structure
Physical Form

Particle Size

Size Distribution

Surface-Area
Particle Density

Solubility

Dispersability
Bulk Density

Agglomeration State

Chemical Reactivity
Surface Reactivity

Describe Material & App

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt



26

Describe Material & App

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

Health Hazards
Short-term toxicity
Skin sensitization/irritation
Skin penetration
Genetic toxicity

Safety Hazards
Flammability 
Explosivity
Incompatibility 
Reactivity 
Corrosivity

Environmental Hazards
Acute aquatic toxicity
Acute terrestrial toxicity

Environmental Fate
Environmental fate
Persistence potential
Bioaccumulation potential

Exposure

Properties

Hazards
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Describe Material & App

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

Manufacture

Processing

Use

Distribution/storage
Environmental releases

Post-use management

Properties

Exposure

Hazards
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Triggers for Additional TestingTriggers for Additional TestingTriggers for Additional TestingTriggers for Additional TestingTriggers for Additional TestingTriggers for Additional TestingTriggers for Additional TestingTriggers for Additional Testing

• High exposure potential 

• High inherent hazard potential

• Results of base set studies

• Significant changes 
– e.g., in production or use pattern

• Compensating for lack of data or uncertainty
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Additional Health Hazard DataAdditional Health Hazard DataAdditional Health Hazard DataAdditional Health Hazard DataAdditional Health Hazard DataAdditional Health Hazard DataAdditional Health Hazard DataAdditional Health Hazard Data

• Biological fate and behavior

• Chronic (� 1 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
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Describe Material & Application

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

� Review hazard and exposure profiles

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

� Identify knowledge gaps 

� Develop plan to fill data needs or develop 
“reasonable worst-case assumptions” for 
missing data elements

Nature

Probability

Magnitude
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Describe Material & Application

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

� 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
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Describe Material & Application

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

� Review risk evaluation and risk management assessme nt

� 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



33

• Organize

• Record

• Share

Output Output Output Output Output Output Output Output 
WorksheetWorksheetWorksheetWorksheetWorksheetWorksheetWorksheetWorksheet



34

Describe Material & Application

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

� Conduct reviews on a regular basis and as needed in  response to 
significant changes in hazard and exposure informat ion, production 
volume, and use profile:

� Evaluate new data or changes

� Review and revise as needed risk evaluation and ris k management 
decisions

� Adapt risk management and collect additional inform ation as 
appropriate

� Document and report any new decisions and actions
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Evaluate Evaluate Evaluate Evaluate 
RisksRisksRisksRisks

ProfileProfileProfileProfile
Lifecycle(s)Lifecycle(s)Lifecycle(s)Lifecycle(s)

ExposureExposureExposureExposure

HazardsHazardsHazardsHazards

PropertiesPropertiesPropertiesProperties
Assess Assess Assess Assess 

Risk MgmtRisk MgmtRisk MgmtRisk Mgmt

Decide,Decide,Decide,Decide,
DocumentDocumentDocumentDocument

&&&&
ActActActAct

ReviewReviewReviewReview
&&&&

AdaptAdaptAdaptAdapt

Describe Describe Describe Describe 
Material Material Material Material 

&&&&
ApplicationApplicationApplicationApplication

IterateIterateIterateIterate

Assess, prioritize & generate dataAssess, prioritize & generate dataAssess, prioritize & generate dataAssess, prioritize & generate data

Nano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk Framework

www.NanoRiskFramework.comwww.NanoRiskFramework.comwww.NanoRiskFramework.comwww.NanoRiskFramework.com
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Global Impact
Framework – Visitors and Downloads
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6,200+6,200+6,200+6,200+visitors to the web sitevisitors to the web sitevisitors to the web sitevisitors to the web site
Representing Representing Representing Representing 89898989 countriescountriescountriescountries
Downloaded Downloaded Downloaded Downloaded 2,800+2,800+2,800+2,800+timestimestimestimes

(as of Apr 1, 2008)(as of Apr 1, 2008)(as of Apr 1, 2008)(as of Apr 1, 2008)

Cumulative VisitorsCumulative VisitorsCumulative VisitorsCumulative Visitors

Cumulative DownloadsCumulative DownloadsCumulative DownloadsCumulative Downloads

Full Framework and worksheets are being translated into Chinese, French and Spanish

Executive Summary has been translated into Portugue se

Japanese translation under development
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Website Visitors from 89 Countries

Algeria, Argentina, Australia, Austria, Azerbaijan, Belgium, 
Botswana, Brazil, Bulgaria, Canada, Chile, China, Colombia, 
Costa Rica, Croatia, Cyprus, Czech Republic, Denmark, Ecuador, 
Egypt, Estonia, Finland, France, Germany, Great Britain, Greece,
Guatemala, Hong Kong, Hungary, India, Indonesia, Iran, Ireland, 
Israel, Italy, Japan, Kenya, Republic of Korea, Kuwait, Latvia, 
Lebanon, Libyan Arab Jamahiriya, Liechtenstein, Lithuania, 
Luxembourg, Malaysia, Malta, Mauritius, Mexico, Moldova, 
Monaco, Mongolia, Morocco, Netherlands, New Zealand, 
Nicaragua, Nigeria, Northern Mariana Islands, Norway, Pakistan, 
Peru, Philippines, Poland, Portugal, Qatar, Romania, 
Russian Federation, Saudi Arabia, Singapore, Slovakia, Slovenia,
South Africa, Spain, Sri Lanka, Sweden, Switzerland, Taiwan, 
Tanzania, Thailand, Turkey, Uganda, Ukraine, United Arab Emirates, 
United States, Uruguay, Venezuela, Vietnam, Yugoslavia, Zambia
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Why companies use 
the Nano Risk Framework

• Stewardship
• Supplier / user evaluation
• Risk evaluation
• Communication
• Decision making
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• Explain need
• Describe tools
• Practice exercise
• Provide examples
• Answer questions

Nano Risk Management:
Today’s Objectives
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Nano Risk Management:
Team Exercise

Objective: Break into small teams and work through an application 
of the Nano Risk Framework for a hypothetical exercise involving
nanoscale material.

Aim: Develop an understanding of how to use the Nano Risk 
Framework as an approach to implement nano-specific risk 
management.

Process:  Discuss as a team the questions provided, appropriate 
to your team's Lifecycle Stages and Stages of Development.  
Develop responses to each question and when we reconvene as a 
group, share your responses and key learnings from the exercise.

30 minutes team processing
30 minutes reconvene and discuss exercise 
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Hypothetical Material 
and Application

Raw Materials: Nano silver powder (30 – 60 nanometers/dp@40nm)

Purpose:  Antimicrobial

Product Applications:
1)Tooth brush 
2)Food cutting board, AND
3)Computer key board

Lifecycle Stages:
1)Production – Raw Material Processing

OR
2) Product Development – R&D, Manufacturing, Packaging, Distribution

OR
3) Consumer Use – Use, Reuse, Maintenance, Recycling, Waste Management



42

Case Study Questions

• Characteristics 
• Hazards 
• Exposure
• Evaluation
• Action
• Communication



43

• Explain need
• Describe tools
• Practice exercise
• Provide examples
• Answer questions

Nano Risk Management:
Today’s Objectives
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125 hours125 hours125 hours125 hours
$170 K$170 K$170 K$170 K

80 hours80 hours80 hours80 hours
$5 K$5 K$5 K$5 K

40 hours40 hours40 hours40 hours
$0$0$0$0CostCostCostCost

ProceedProceedProceedProceed LimitLimitLimitLimit HoldHoldHoldHoldResultResultResultResult

ConceptConceptConceptConceptR&D    R&D    R&D    R&D    Commercial         Commercial         Commercial         Commercial         StageStageStageStage

ProducerProducerProducerProducer UserUserUserUser CustomerCustomerCustomerCustomerRoleRoleRoleRole

MaterialMaterialMaterialMaterial TiO2TiO2TiO2TiO2 CNTsCNTsCNTsCNTs ZVIZVIZVIZVI

ApplicationApplicationApplicationApplication Light Light Light Light 
StabilizerStabilizerStabilizerStabilizer

PolymerPolymerPolymerPolymer
AdditiveAdditiveAdditiveAdditive

WasteWasteWasteWaste
RemediationRemediationRemediationRemediation

DuPont Case StudiesDuPont Case StudiesDuPont Case StudiesDuPont Case StudiesDuPont Case StudiesDuPont Case StudiesDuPont Case StudiesDuPont Case Studies

Details available at www.nanoriskframework.com



45

Managing Costs

• “Appropriate to Stage of Development”
• Assumptions and Controls
• Available Information 
• Bridging
• Partnering
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Evaluate 
& Plan

Prototype Ramp Up LaunchR&D

Describe Material & App

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

Describe Material & App

Profile Lifecycle(s)

Evaluate Risks

Assess Risk Mgmt

Decide, Document & Act

Review & Adapt

Reiterate 
& 

Upgrade

“Appropriate to Stage of Development”
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Assumptions and Controls

• “Reasonable Worst Case Assumptions”

• Hierarchy of Controls
– Eliminate, Substitute, or Reduce
– Engineering Controls
– Warnings
– Training, Procedures, Admin Controls
– Personal Protective Equipment

• Control Banding
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Available Information:
Risk Research

NIOSH Nanoparticle Information Library 
http://www2a.cdc.gov/niosh-nil/index.asp 

TOXNET
Databases on toxicology, hazardous chemicals, environmental health, and toxic releases
http://toxnet.nlm.nih.gov/index.html

ICON EHS Database 
http://icon.rice.edu/research.cfm

Wilson Center Environment, Health and Safety Resear ch Inventory
http://www.nanotechproject.org/inventories/ehs/

These are just SOME examples…
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Available Information:
Risk Management

NIOSH
“Approaches to Safe Nanotechnology: An Information Exchange with NIOSH”
http://www.cdc.gov/niosh/topics/nanotech/safenano/

ASTM
E2535-07 Standard Guide for Handling Unbound Engineered Nanoscale Particles in 
Occupational Settings 
http://www.astm.org/cgi-bin/SoftCart.exe/COMMIT/
SUBCOMMIT/E5603.htm?L+mystore+ykwx0308+1206655219

BSI
PAS 130 Guidance on the labelling of manufactured nanoparticles and products
PD 6699-2 Guide to safe handling and disposal of manufactured nanomaterials
http://www.bsi-global.com/en/Standards-and-Publications/Industry-Sectors/
Nanotechnologies/Nano-Downloads/

DOE
Approach to Nanomaterial ES&H
http://www.sc.doe.gov/bes/DOE_NSRC_Approach_to_Nanomaterial_ESH.pdf

These are just SOME examples…
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Bridging Studies

• Extrapolating relative toxicity from robust data on  another material
– Not a substitute for data

– Provides some insight into specific endpoints and mechanisms

– Can act as a preliminary screen when evaluating similar effects or making 
small modifications to existing material

• Dependent on:
– Robust data on control material from more thorough toxicity tests

– Evidence to support relevance of reference material

– Evidence to support similar mechanism of toxicity

• Some caveats:
– Should be limited to identical or closely-related endpoints

– Should have data on short-term or mechanistic endpoints for both materials
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Bridging Studies:
Pulmonary Bioassays

Quartz
Particles

Fine TiO2
Particles

Anatase / 
Rutile

uf-TiO2

Quartz 
Particles

Rutile 
uf-TiO2

Fine TiO2
Particlesvs vs vs

Inhalation Studies

Intratracheal          Instillation               Studies
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Partnering

• Universities
• NIOSH
• EPA
• Industry
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Next Steps?Next Steps?Next Steps?Next Steps?

• Commit 

• Implement

• Demonstrate

• Publish

• Promote
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Evaluate Evaluate Evaluate Evaluate 
RisksRisksRisksRisks

ProfileProfileProfileProfile
Lifecycle(s)Lifecycle(s)Lifecycle(s)Lifecycle(s)

ExposureExposureExposureExposure

HazardsHazardsHazardsHazards

PropertiesPropertiesPropertiesProperties
Assess Assess Assess Assess 

Risk MgmtRisk MgmtRisk MgmtRisk Mgmt

Decide,Decide,Decide,Decide,
DocumentDocumentDocumentDocument

&&&&
ActActActAct

ReviewReviewReviewReview
&&&&

AdaptAdaptAdaptAdapt

Describe Describe Describe Describe 
Material Material Material Material 

&&&&
ApplicationApplicationApplicationApplication

IterateIterateIterateIterate

Assess, prioritize & generate dataAssess, prioritize & generate dataAssess, prioritize & generate dataAssess, prioritize & generate data

Nano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk FrameworkNano Risk Framework

www.NanoRiskFramework.comwww.NanoRiskFramework.comwww.NanoRiskFramework.comwww.NanoRiskFramework.com


