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Some background about NIOSH

The National Institute for Occupational 
Safety and Health is:y

the U S Federal agency responsible forthe U.S. Federal agency responsible for 
conducting research and 

ki d timaking recommendations
for the prevention of work-related p

illness, injury, disability, and death.

2www.cdc.gov/niosh



We participate in the National 
Nanotechnology Initiative (NNI).gy ( )

3www.nano.gov



NIOSH Strategic Plan 
for Nanotechnology Research and Guidance

• NIOSH Intermediate and 
long-term objectivesg j

• Performance measures

• Timeline for nanotechnology 
researchresearch

• Capabilities and gapsCapabilities and gaps 
for nanotechnology 
measurements

4www.cdc.gov/niosh/topics/nanotech/
NIOSH Publication 2010-105



NIOSH Approaches and Progress

• Progress in 10 key areas
Contin ing project plansNIOSH P bli ti 2009 125

NIOSH Publication 2010-104

5www.cdc.gov/niosh/topics/nanotech

• Continuing project plans
• Opportunities for collaboration

NIOSH Publication 2009-125



Interim Guidance 
for the Medical Screening of Workers 

Potentially Exposed to Engineered NanoparticlesPotentially Exposed to Engineered Nanoparticles

• Current Intelligence 
B ll ti 60Bulletin 60:
Interim Guidance for 
Medical Screening andMedical Screening and 
Hazard Surveillance for 
Workers PotentiallyWorkers Potentially 
Exposed to Engineered 
Nanoparticlesp

NIOSH Publication 2009-116

6www.cdc.gov/niosh/docs/2009-116/



Key 
Elements of Hazard Identification

““Is there reason to believe thisElements of 
Risk 

Management

““Is there reason to believe this 
could be harmful?” 

Management
Exposure Assessment

““Will there be exposure in real-
world conditions?”

Are they hazardous?
world conditions?  

Risk Characterization

Can they be measured?

Risk Characterization
““Is substance hazardous and will 

there be exposure?” 

Can they be controlled?

Risk Management
““Develop procedures to minimizeDevelop procedures to minimize 

exposures” 

NIOSH 7



It makes sense to manage nanoparticles 
as a component of a traditional

R di ti Ch i l H i PRadiation or Chemical Hygiene Program.
• Basic Rules and Procedures
• Chemical Procurement, Distribution, and Storage
• Environmental Monitoring
• Housekeeping, Maintenance, and Inspections
• Medical Program
• Personal Protective Apparel and Equipment• Personal Protective Apparel and Equipment
• Records
• Signs and LabelsSigns and Labels
• Spills and Accidents
• Training and Information

8

• Waste Disposal



Th t diti l t d

Hierarchy of Exposure 
Control Practices

Current Challenges
• The traditional assessment and 

management strategy requires an 
occupational exposure limit (OEL). Elimination

• OELs for radioactive materials are 
based on a unified concept of dose.  Substitution

• Such a unifying concept is not 
available for nanoparticles.

Modification

Containment
• How can an effective chemical 

hygiene program for nanotechnology 
be developed and implemented in the Ventilation

Containment

absence of comprehensive OELs?

• What control approaches are feasible 
d ff ti ?

Work Practices

and effective?
Personal Protection

9



We are partnering to develop a
comprehensive risk management scheme to:

• Anticipate,
• RecognizeRecognize,
• Evaluate, 

C t l d• Control, and
• Confirm Hoover et al., Synergist, 22(1): 10, 2011

b l i i b d h
appropriate control of potential health risks for nanotechnology

Hoover et al., Synergist, 22(1): 10, 2011

by applying a science-based approach
to understanding and managing 

th critical elements
10

the critical elements 
over which we have control.



A robust framework and approach

Anticipate

Confirm

Risk Management
Decision-Making

F k RecognizeFramework

Control

Evaluate

Control

Hoover et al., Synergist, 22(1): 10, 2011 11



Anticipate

With a variety 
of delivery 

opportunities

Confirm

Do it right… 
D it f RecognizeDo it safe…

Train for it.

Evaluate

Control i t.
Train for it.

Evaluate

Don’t cause A RECCDon t cause A RECC
12Draft for discussion



NIOSH isNIOSH is 
part of a 
community-community
based
nanoinformatics 
Roadmapping
initiative

13www.nanotechinformatics.org



Nanoinformatics
(a working definition)(a working definition)

• The science and practice of determining 
hi h i f ti i l t t thwhich information is relevant to the 

nanoscale science and engineering community, 

• and then developing and implementing effective 
mechanisms

• for collecting, validating, storing, sharing, 
analyzing modeling and applying thatanalyzing, modeling, and applying that 
information.

14www.nanotechinformatics.org



What are some usefulWhat are some useful 

frameworks and paths forwardp

for advancing

sustainable manufacturing 

for nanomaterials?

15



Periodic
Mission

Evaluation
Research

de od c
Performance

Testing

Evaluation and
Development

PrototypeMaintenance
and Testingand

Recalibration

A Lif C l
Type

Testing

A Life-Cycle
Approach

for Instrumentation

Operational
Experience

Functional
Production

Control

TrainingAcceptance
Initial

Calibration

Checks
Control
Testing

p
Testing

Calibration

Hoover and Cox, 2010 16



Four Steps for Community Action

E th it• Engage the community
• Inform the interested

R d th i• Reward the responsive
• Understand and incentivize the reluctant

Draft for discussion 17



Suggested Informatics Guidelines
for Preventing Injury and Disease*g j y

1. Emphasize literacy and develop critical thinking; 
2. Develop and use real-life data examples;e e op a d use ea e da a e a p es;
3. Stress conceptual understanding

rather than mere application of procedures;
4. Foster continuous improvement and active discussions;
5. Use technology for developing conceptual understanding 

and for analyzing and sharing information 
(e.g., modeling and simulation, databases, wikis, etc.);

6 Use assessments to improve and evaluate6. Use assessments to improve and evaluate
the efficacy and impact of these activities.

*as adapted by Mark Hoover from the American Statistical Association (ASA) 
“Guidelines for Assessment and Instruction in Statistics Education (GAISE)”

which are available at http://www.amstat.org/education/gaise/ . 18



Communication and Education 
Message and Audience Planning Tool 

for (insert project name)for (insert project name)
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Critical Thinking

Real Life Examples

Understanding
(not rote application)

Continuous 
Improvement
Modeling 
and Sharingand Sharing

Assessment
Draft for discussion (June 29, 2010)
Mark.Hoover@cdc.hhs.gov 304-285-6374

The matrix can be used to clarify what elements 
the stakeholders need and what elements they can provide.19



Purpose of the Assessment
BASIC AEROSOL CHARACTERIZATION

Understanding relevant physicochemical and biological properties of the aerosols of interest

PROCESSWORKER HEALTH ENVIRONMENTAL EMERGENCYPROCESS 
QUALITY 

ASSURANCE 
AND CONTROL

WORKER HEALTH 
PROTECTION

Ensuring that worker 
exposures are within

ENVIRONMENTAL
MONITORING

Ensuring that 
environmental

EMERGENCY
PREPAREDNESS

AND
RESPONSE

Ensuring that 
processes and 

process controls 
are operating

exposures are within 
allowed limits and As 
Low As Reasonably 
Achievable (ALARA)

environmental 
releases of aerosols 
are within allowed 

limits and ALARA for 
environmental and

Providing a basis for 
appropriate actions 

when things go wrong

DEMONSTRATION OF COMPLIANCE

are operating 
properly

environmental and 
public health concerns

Documenting that administrative and regulatory requirements are met

RESEARCH
Advancing a comprehensive understanding of aerosol behavior measurement and controlAdvancing a comprehensive understanding of aerosol behavior, measurement, and control

Hoover, 2011 (Adapted from Hoover and Newton, 1993) 20
Can foster synergisms 

and multiuse opportunities.



Graded Approach
to Exposure Assessment

Level 1 Level 2 Level 3
Initial Comprehensive RoutineInitial 

Screening 
and Detection

Comprehensive 
Characterization 
and Assessment

Routine 
Monitoring 
and Control

•Process knowledge •Composition •A necessary andProcess knowledge
•Gross mass or activity 
counting

•Optical particle

Composition
- Elemental and chemical

•Particle size
- Physical

A necessary and 
sufficient subset
of Level 1 and 2 
methods for the •Optical particle 

counting
•Condensation particle 
counting

- Aerodynamic
- Thermodynamic
- Electrical mobility

•Exposure Concentrations 

material and situation 
of interest

counting
•Microscopy

p
- Peaks, averages, variability

•Biophysical properties
- Shape, surface area, solubility
Oth f t l t•Other factors relevant 
to the assessment 

Adapted from Hoover, 2011 21Essential for cost and feasibility



Beta sponsors

22www.goodnanoguide.org



Collaboration 
with NIOSH

• Share knowledge
• Use expertisep
• Build experience
• Partner

23www.cdc.gov/niosh/docs/2008-120/



Questions ?Q

Mark D. Hoover, PhD, CHP, CIH
Division of Respiratory Disease Studies

and NIOSH Nanotechnology Research Center 
National Institute for Occupational Safety and Health
Centers for Disease Control and PreventionCenters for Disease Control and Prevention
1095 Willowdale Road
Morgantown, West Virginia 26505-2888
Phone: 304-285-6374

24

Email: mark.hoover@cdc.hhs.gov



Acknowledgments
to many colleagues for useful discussion and input over many years

• Fred Blosser
• Bob Castellan
• Gary Casuccio

• Braxton Lewis
• Max Lum
• Mark Maiello

• Aleks Stefaniak
• Cindy Striley
• Abbas Virjiy

• Chris Coffey
• Morgan Cox
• Elaine Cullen
• Greg Day

• Ken Martinez
• Stephanie Mathews
• Bill McArthur
• Ken McKneely

j
• Martha Waters
• Robert Watters
• Ainsley Weston
• David WeissmanGreg Day

• Doug Evans
• Don Ewert
• Ilise Feitshans
• Sharon Gaheen

Ken McKneely
• Mark Methner
• Paul Middendorf
• Art Miller
• Rick Niemeier

David Weissman
• Ralph Zumwalde

• Sharon Gaheen
• Chuck Geraci
• Amanda Harney
• Stacey Harper

D H id l

• Rick Niemeier
• Jim Neton
• Vladimir Murashov
• George Newton

T i P• Donna Heidel
• Laura Hodson
• John Howard
• Michelle Johnson

• Terri Pearce
• Mike Postek
• Rebecca Reznik-Zellen
• Paul Schulte

• Ron Knief
• T.J. Lentz

• James Slawski

25



Additional slides 
l t d t th di irelated to the group discussion
of “quadrant approaches”

to understanding and advancing 
basic and applied researchpp

26



Pasteur’s Quadrant: 
Basic Science and Technological Innovation 

Bohr’s 
Quadrant

Pasteur’s
Quadrantw
le

dg
e

Quadrant

Pure 
basic research

Quadrant

Use-inspired
basic researchnc

e
of

 k
no

w

basic research basic research

Edison’s
Q dR

el
ev

an
em

en
t o

Quadrant

Pure applied 
research

R
ad

va
nc

e

research

Relevance for immediate applications

fo
r a

Adapted from Pasteurs Quadrant: Basic Science and Technological Innovation,
by Donald E. Stokes, Brookings Institution Press, 1997. 27



+10?

A Quadrant Approach 
to Alignment of Perception and Reality

The   
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-10?

quadrant

INAPPROPRIATE         REALITY  APPROPRIATE

28Draft for discussion (Hoover, Mathews, and other contributors, 2010)



+10?

Draft Issue Evaluation Matrix 
for (insert variable) in (insert situation) 

Appropriate 
o tcomes areO
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Inappropriate outcomes are  
likely
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29Draft for discussion (Hoover, Mathews, and other contributors, 2010)


