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the National Institute for Occupational Safety and Health and should not be construed to
represent any agency determination or policy.
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Strategic Plans

• 10 critical areas
• Peer reviewed
• Tightly focused – driven by toxicology
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10 Critical Research Areas

1. Toxicity and internal dose
2. Measurement methods
3. Exposure assessment
4. Epidemiology and surveillance
5. Risk assessment
6. Engineering controls and PPE
7. Fire and explosion safety
8. Recommendations and guidance
9. Global collaborations
10. Applications
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Nanotechnology Research Center
(NTRC)

• Virtual Center
• ~ 50 scientists – range of disciplines
• 2004–present
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Produced more than 400 peer-
reviewed scientific publications

• Resulting > 5,000 primary citations and 82,000
secondary citations

• 650 invited presentations

• Resulting > 5,000 primary citations and 82,000
secondary citations

• 650 invited presentations

[NIOSH 2012]



http://www.cdc.gov/niosh/docs/2013-101/



Research

Guidance

Risk
Communication

NIOSH Guidance

Risk Assessment

Risk
Management

NIOSH





Story of Approaches to Safe Nanotechnology:
An Information Exchange with NIOSH

Utilized realization that there was over 100 years of
history of controlling fine dusts, powders and gases

• Nanoparticles followed laws of classical aerosol
physics

• Quite controllable
• 2005 First posted on NIOSH website
• 2009 Update and publish

Influenced various agencies and companies
world-wide
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Nanotechnology Emissions
Assessment Technique (NEAT)

• NEAT was developed as an initial step to semi-
quantitatively evaluate emissions in
nanomaterial workplaces and consists of a
combination of field portable, direct reading
instrumentation (DRI) and filter-based air
sampling with subsequent laboratory analysis
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NEAT Steps

• Develop list of target areas, processes, or tasks
• Identify potential emission sources
• Collect basic particle count
• Collect filter samples
• Use sophisticated equipment
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Risk Management and
Prevention through Design

(PtD)
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Best

Last Resort



Task
Duration

Quantity

kilograms 8 hours

Engineered Local
Exhaust Ventilation

Occupational Health Hazardmild /
reversible

severe /
irreversible

Factors Influencing Control Selection

Physical Form

Task
Duration

Quantity

milligrams 15 minutes

slurry/suspension highly disperseagglomerated

Closed
Systems



Conventional controls should work
Exhaust Ventilation

Capture

Inertia
Dominants

Diffusion
Dominates

No
Capture

Air Stream

About
1 nm

Most
Fine

Dusts

Micro
Scale

200 to
300 nm
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Available Toxicity
Data

Suggestive

Qualitative or Semi-
quantitative Hazard or

Risk Assessment

Adequate Insufficient

Qualitative or Semi-
quantitative Hazard or

Risk Assessment

Reason by
Analogy or SAR

Quantitative Risk
Assessment

Determination of
OEL

Control
Banding

Performance-
Based Exposure
Control Limits

In-house
OELs

[Schulte et al. 2010; Kuempel et al. 2007, 2012]



Quantitative Risk Assessment in Developing
Recommended Exposure Limits for Inhaled Particles

Rodent

Dose-response model
(particle surface area

dose in lungs)

Working lifetime exposure
concentration

Estimated lung
deposition fraction

Recommended
exposure limit

Technical feasibility of
measurement and control

Human
Experimental data of
exposure and adverse

effect

Dose-response
modeling

Measure or model

Assume equal response to equivalent dose

Calculate lung tissue
benchmark dose*

Extrapolate
Equivalent tissue dose

Estimated lung
deposition fraction

(Adjust for species
differences in lung

surface area)

*Dose associated with specified level of risk.

Dose-response
modeling

[Oberdörster 1989; Kuempel 2011; NIOSH 2011]



www.cdc.gov/niosh/docs/2011-160



http://www.cdc.gov/niosh/docs/2013-145/



Distribution of Potential Nanomaterials

Universe of Potential ENPs

Actual ENPs
Studied for

Hazard

Generalizability



Issues in Establishing Categorical
Occupational Exposure Limits (OELs)
for Engineered Nanomaterials (ENMs)
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