
The NIOSH Nanotechnology The NIOSH Nanotechnology 
Research ProgramResearch Program

Occupational Implications and ApplicationsOccupational Implications and Applications

Charles L. Geraci, Ph.D., CIH
National Institute for Occupational Safety and Health

Centers for Disease Control and Prevention

NEU Nanotechnology Panel, May 2007NEU Nanotechnology Panel, May 2007

The findings and conclusions in this presentation have not been The findings and conclusions in this presentation have not been formally disseminated by the National Institute for formally disseminated by the National Institute for 
Occupational Safety and Health and should not be construed to reOccupational Safety and Health and should not be construed to represent any agency determination or policypresent any agency determination or policy



NIOSH – Introduction

NIOSH, Cincinnati

• National Institute for Occupational
Safety and Health,  part of:
Centers for Disease Control and 
Prevention
U.S. Department of Health and 
Human Services

• Occupational Safety & Health Act    
(1970) established OSHA & NIOSH

... To assure safe and healthful working conditions 
for all working men and women.

NIOSH - research & recommendations
OSHA - regulatory & enforcement : Part of the Department of Labor 

• NIOSH Nanotechnology Research Center & Steering Committee (since 2004):
Strategic planning on research to fill research gaps on occupational health
and safety implications & applications of  nanomaterials



The ChallengeThe Challenge

Nanotechnology has great potentialNanotechnology has great potential
Revolutionary technology, driver of innovationRevolutionary technology, driver of innovation
New material properties may yield great benefitsNew material properties may yield great benefits

But there is riskBut there is risk
New hazards and risks with heightened reactivityNew hazards and risks with heightened reactivity
Early results raise concernEarly results raise concern

Moving forwardMoving forward
Minimize the riskMinimize the risk
Cover the broad extent of exposure: R&D to usesCover the broad extent of exposure: R&D to uses



The ConcernThe Concern: Effects Observed in : Effects Observed in 
Some Early StudiesSome Early Studies

LungLung
Up to 50% of inhaled nanoparticles may deposit in gas Up to 50% of inhaled nanoparticles may deposit in gas 
exchange regionexchange region
Lung fibrosis in rats exposed to ultrafine particles (Ti02)Lung fibrosis in rats exposed to ultrafine particles (Ti02)
Small doses of SWCNTSmall doses of SWCNT―― fibrosisfibrosis

CardiovascularCardiovascular
Air pollution epidemiology Air pollution epidemiology 
Inflammatory effects, platelet aggregation in animalsInflammatory effects, platelet aggregation in animals

Brain/CNSBrain/CNS
Nose to BrainNose to Brain

Graphite rods accumulate in olfactory lobe of brainGraphite rods accumulate in olfactory lobe of brain
Uptake of metals via olfactory pathwaysUptake of metals via olfactory pathways



Engineered Nanoparticles are being produced and used today.



The Three The Three ““Grand QuestionsGrand Questions””

1. 1. Are engineered Are engineered nanoparticlesnanoparticles hazardous?hazardous?

2. 2. Can Can nanoparticlesnanoparticles be measured?be measured?

3. 3. Can Can nanoparticlesnanoparticles be controlled?be controlled?

(How do I (How do I approach these questions?)approach these questions?)



Steps to Protect Steps to Protect 
Nanotechnology Nanotechnology 

WorkersWorkers

Hazard IdentificationHazard Identification
““Is there reason to believe this Is there reason to believe this 

could be harmful?could be harmful?””

Risk ManagementRisk Management
““Develop procedures to minimize Develop procedures to minimize 

exposuresexposures””
Adapted from Gibbs, 2006Adapted from Gibbs, 2006

Exposure AssessmentExposure Assessment
““Will there be exposure in realWill there be exposure in real--

world conditions?world conditions?””

Risk CharacterizationRisk Characterization
““Is substance hazardous Is substance hazardous andand will will 

there be exposure?there be exposure?””



What is NIOSH doing to help answer these questions?What is NIOSH doing to help answer these questions?

Toxicity Studies: Pulmonary and DermalToxicity Studies: Pulmonary and Dermal
Aerosol Generation and CharacterizationAerosol Generation and Characterization
Dosimetry and Risk Assessment MethodsDosimetry and Risk Assessment Methods
Exposure Methods DevelopmentExposure Methods Development
Filter EfficiencyFilter Efficiency
Ultrafine TiOUltrafine TiO22

Web Page DevelopmentWeb Page Development
Field Research Team: Field Research Team: Open for PartnershipsOpen for Partnerships
Medical Evaluation and SurveillanceMedical Evaluation and Surveillance



NIOSH researcher measuring NIOSH researcher measuring 
nanopowder releasenanopowder release



What We Know and DonWhat We Know and Don’’t Knowt Know

A.A. Identify hazard potentialIdentify hazard potential
B.B. Evaluate real world exposureEvaluate real world exposure
C.C. Characterization riskCharacterization risk
D.D. Risk mitigation strategiesRisk mitigation strategies



What we knowWhat we know What we donWhat we don’’t knowt know

Health effects from Health effects from 
industrial ultrafines, fibers, industrial ultrafines, fibers, 
and air pollutionand air pollution

Some SWNT caused Some SWNT caused 
fibrosis in mice lungsfibrosis in mice lungs

Cardiovascular response Cardiovascular response 
from SWCNT and TiO2from SWCNT and TiO2

SWCNT effects on skinSWCNT effects on skin

Some explosive and Some explosive and 
flammability potentialflammability potential

Applicability to engineered Applicability to engineered 
nanoparticlesnanoparticles

Nature and severity of Nature and severity of 
effects on lungseffects on lungs

Extent of translocationExtent of translocation

Properties of nanoparticles Properties of nanoparticles 
influencing body responseinfluencing body response

Extent of skin absorption Extent of skin absorption 

Extent of explosively and Extent of explosively and 
flammability flammability 

A. Hazard IdentificationA. Hazard Identification



What we knowWhat we know What we donWhat we don’’t knowt know

Nanoparticles can be Nanoparticles can be 
measuredmeasured

Engineered nanoparticles Engineered nanoparticles 
can get into workplace aircan get into workplace air

Specific tasks may Specific tasks may 
increase risk of exposureincrease risk of exposure

Maintenance work can Maintenance work can 
result in skin and result in skin and 
inhalation exposureinhalation exposure

What are the best What are the best 
measuresmeasures

What is the extent of What is the extent of 
exposureexposure

Sampling techniques not Sampling techniques not 
readily applicablereadily applicable

Personal breathing zone Personal breathing zone 
monitoring techniques monitoring techniques 
need developmentneed development

B. Exposure AssessmentB. Exposure Assessment



What we knowWhat we know What we donWhat we don’’t knowt know

Greater risk from Greater risk from 
nanoparticles on a mass nanoparticles on a mass 
basis than larger particles basis than larger particles 
of the same materialof the same material

Using animal data on Using animal data on 
ultrafines: lifetime risks to ultrafines: lifetime risks to 
workers at current OELs workers at current OELs 
may be >1/1000may be >1/1000

Animal models can Animal models can 
describe human risksdescribe human risks

What are the hazards What are the hazards 
beyond experimentally beyond experimentally 
characterized rangecharacterized range

How chemical and How chemical and 
physical factors influence physical factors influence 
riskrisk

Extent of exposureExtent of exposure

Long term health effectsLong term health effects

C. Risk CharacterizationC. Risk Characterization



What we knowWhat we know What we donWhat we don’’t knowt know

Airborne exposure to Airborne exposure to 
nanoparticles can be nanoparticles can be 
controlledcontrolled

Good work practices can Good work practices can 
minimize exposuresminimize exposures

Respirators should be Respirators should be 
effectiveeffective

Current OELs are Current OELs are 
probably not protectiveprobably not protective

Limits of controlsLimits of controls

No OELs specifically for No OELs specifically for 
engineered nanoparticlesengineered nanoparticles

Limits of respiratory and Limits of respiratory and 
PPEPPE

Focus for medical Focus for medical 
surveillancesurveillance

D. Risk ManagementD. Risk Management



NIOSH Information Resources
Nanotechnology topic page:
www.cdc.gov/niosh/topics/nanotech  

• NIOSH Position Statement – Jan 2005

• NIOSH Nano Strategic Plan – Oct 2005
• Nanoparticle Information Library – Oct 

2005
• TiO2 Current Intelligence Bulletin – Nov 

2005
• Approaches to Safe Nanotechnology:  2nd

version, Aug 2006
• NIOSH exposure field team site visits
• NIOSH Nanotechnology Research Progress 

Report – February, 2007
• Ongoing research studies and publications



Recommendations from 
NIOSH
•Summary of issues
•Approaches to consider
•Basic Guidance
•Updated as new information 
comes on-line
•Input requested

www.cdc.gov/niosh/topics/nanotechwww.cdc.gov/niosh/topics/nanotech



www.cdc.gov/niosh/topics/nanotechwww.cdc.gov/niosh/topics/nanotech

Research progress in 10 key areasResearch progress in 10 key areas
Continuing project plansContinuing project plans
Opportunities for collaborationOpportunities for collaboration



VOLUNTEER  PARTNERS  NEEDED  FOR  THE  NIOSH 
NANOTECHNOLOGY  FIELD  RESEARCH  EFFORT

NIOSH has a field research team available to visit and assess 
processes involving research, production, and use of nanomaterials. 
The team will characterize materials, processes, potential worker 
exposures, work practices, and control procedures.  Information and 
recommendations will be shared with the business partner and will be 
used by NIOSH to update the guidance that appears on the 
Nanotechnology Topic Page. There is no cost to participate.

If your organization is interested in volunteering to 
participate, please contact us.

Charles L. Geraci, PhD, CIH
E-mail: CGeraci@cdc.gov

Phone: 513-533-8339
FAX: 513-533-8230 

mailto:CGeraci@cdc.gov


www.cdc.gov/niosh/topics/nanotech
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