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OVERALL OBJECTIVE 

Build and sustain  

a total culture  

of  

safety, health, and well-being 
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A Key Concept 

• The method is not the message;  

[the message] is  

in the managerial frame of mind  

determined to make robust decisions. 

 

Zebroski, E.L. (1991) Lessons Learned from Man-Made Catastrophes. In Risk Management: 

Expanding Horizons in Nuclear Power and Other Industries. R.A. Knief, V.B. Briant, R.B. Lee, R.L. 

Long, and J.A. Mahn, eds., Hemisphere Publishing, New York. 
3 
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Nano-enabled products are on the market 

Eddie Bauer 

Ruston Fit Nano-

Care khakis 

Wilson Double 

Core tennis balls 

3M Adper Single 

Bond Plus 

dental adhesive 

Hummer H2 

Mercedes 

CLS-class 

Kodak EasyShare 

LS633 camera 

Laufen Gallery washbasin 

with Wondergliss 

Smith & Nephew Acticoat 7 

antimicrobial wound dressing 

NanoOpto subwavelength 

polarizing beam splitter/combiner 

Samsung Nano  

SilverSeal Refrigerator 

Wyeth Rapamune 

immuno-suppressant 

Gibbs, 2006 

http://www.amazon.com/gp/product/images/B0000CBAMW/ref=dp_primary-product-display_0/002-9248649-3208051?_encoding=UTF8&n=1036592&s=apparel
http://www.exsellsports.com/Tennis_Balls/Wilson_Double_Core.htm
http://www.wilson.com/wilson/main/locale_home.jsp?JSESSIONID=C59DY2R64jUbPvQ5iSjQzZuKvyqadTUDy7AEqdJn1Adsnqdb8CYJ!330737242!168075286!7005!8005!-1993765523!168075285!7005!8005&FOLDER<>folder_id=2534374302525221&bmUID=1115258244169
http://www.3mespe.com/
http://www.gm.com/
http://images.google.com/imgres?imgurl=http://www.livingroom.org.au/photolog/kodak.jpg&imgrefurl=http://www.livingroom.org.au/photolog/reviews/kodak/kodak_easyshare_z700.php&h=234&w=340&sz=11&tbnid=8vyoe5ZqsroJ:&tbnh=79&tbnw=115&hl=en&start=1&prev=/images?q=kodak&svnum=100&hl=en&lr=&c2coff=1&safe=off&rls=GGLD,GGLD:2004-26,GGLD:en&sa=N
http://images.google.com/imgres?imgurl=http://www.bathroomexpress.co.uk/images/laufen_mylife_single_washbasin_cabinet.jpg&imgrefurl=http://www.bathroomexpress.co.uk/laufen/laufen_mylife.htm&h=300&w=240&sz=5&tbnid=321GSbWZoggJ:&tbnh=110&tbnw=88&hl=en&start=1&prev=/images?q=laufen+washbasin&svnum=100&hl=en&lr=&c2coff=1&safe=off&rls=GGLD,GGLD:2004-26,GGLD:en&sa=N
http://www.laufen.com/cz/servlet/portal/FvEcorporateSvl?planguage=EN&ppais=CZ&codpage=WELCOME&sesid={@sesid}
http://www.allegromedical.com/wound_care/dressings/smith_nephew/acticoat_7_antimicrobial_dressing_4_x_5_box_of_5.P191608
http://www.nanoopto.com/index.html
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Definition of Nanotechnology 

• Definition includes all three of these features: 

 

– Research and technology development at the 

atomic, molecular, or macromolecular levels, in 

the length scale of approximately 1-100 nm. 

– Creating and using structures, devices, and 

systems that have novel properties and 

functions because of their small and/or 

intermediate size.  

– Ability to control or manipulate on the atomic 

scale. 

www.nano.gov 



Photos: Dr. Z Wang, Georgia Tech 

Diversity Example: Zinc Oxide Nanomaterials 

6 



Unique Emission Qualities of Nanocrystals 

7 Credit: Felice Frankel 
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Raoul Kopelman and Martin Philbert, 

University of Michigan 

20 nm – 600 nm in diameter 

PEBBLEs 
 

(Probe Encapsulated By 

Biologically Localized 

Embedding) 

Nanotechnology: Turning fiction to reality 
Smart Dynamic Nanoplatorms – “Nanoclinics” 
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A range of particle sizes, shapes, and types 

National Cancer Institute 

Human Cell 



The Scale of the Universe 

10 Available at: http://htwins.net/scale2/ 
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Surface species can influence bioactivity 

Surface chemistry versus biological activity  

for C60 fullerenes 
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Nano-enhanced materials and processes are 
raising issues in radiation-related operations. 

How should radiation dosimetry be conducted for nanomaterials? 

 What are the sources  

of radiation-related nanomaterials? 

 How can exposure be assessed  

over life-cycle processes?  

12 



Applications of Radiation in Nanotechnology 
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• Nano-synthesis methods 

 

• Annealing processes 

 

• Characterization tools 

 

• Aging studies 

 

• Special systems 
• Plasma-focus-based radiation 

sources 
http://www-

pub.iaea.org/books/iaeabooks/7161/Emerging-

Applications-of-Radiation-in-Nanotechnology-

Proceedings-of-a-consultants-meeting-held-in-

Bologna-22-25-March-2004  

http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004
http://www-pub.iaea.org/books/iaeabooks/7161/Emerging-Applications-of-Radiation-in-Nanotechnology-Proceedings-of-a-consultants-meeting-held-in-Bologna-22-25-March-2004


Applications of Nanotechnology in NPPs 
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• Nano-enabled materials for 

components and structures 
• Are carbon nanotubes  

“the new steel” ?  

• Noble-metal enrichment using 

Pd for self-healing of cracks 

• Coatings and barriers 

• Coolants 

• Cooling piping 

• In-core reactor applications 

• Sensors 
• Physical, chemical, radiological 

• Separations / Sorbents 

• Enhanced concretes 
• Security applications 

http://www.tms.org/meetings/2012/nanonuclear/

home.aspx  

http://www.tms.org/meetings/2012/nanonuclear/home.aspx
http://www.tms.org/meetings/2012/nanonuclear/home.aspx
http://www.tms.org/meetings/2012/nanonuclear/home.aspx
http://www.tms.org/meetings/2012/nanonuclear/home.aspx
http://www.tms.org/meetings/2012/nanonuclear/home.aspx


NCRP is developing a commentary on 
radiation safety aspects of nanotechnology. 

15 



Commentary Objective 

• Provide practical operational information 

for 
 

– radiation safety officers,  

– operational health physicists,  

– dosimetrists,  

– workers,  

– management, and  

– regulators. 

16 



Nanomaterial Diversity 
 
 

Synthesis process influences 

nanoparticle shape 

ZnO 

nanoparticles 

Compositional diversity 

McNeil SE., 2005 

Nanomaterial Complexity 

Relative importance of nanomaterial 
characteristics are unknown 

http://www.vincentherr.co

m/cf/nanomain.html 

Physicochemical properties 

Chemical Structure 

Core Particle Composition 

Size 

Shape 

Charge 

Surface Chemistry 

Surface Area 

Agglomeration State 

Zeta Potential 

 

A Characterization and Informatics Challenge 

17 Compliments of Prof. Stacey Harper 

http://www.vincentherr.com/cf/nanomain.html
http://www.vincentherr.com/cf/nanomain.html
http://en.wikipedia.org/wiki/Image:Fullerene_c540.png


Nanoinformatics 
(a working definition) 

• The science and practice of determining 
which 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 that 
information. 

www.nanotechinformatics.org 18 



Ensuring Relevance and Reliability 

Fit 

for Purpose 

Reliable 

but not Relevant 
 

Relevant 

but not  

Reliable 

Neither Relevant 

Nor Reliable 

Hoover and Cash, 2012- Draft for discussion 

We need an approach     

(1) to guide fit-for-

purpose development of 

information, and 

(2) to effectively apply 

information developed 

for other purposes. 

We seldom have the 

luxury of access to 

technology or data that 

were or will be precisely 

developed to meet our 

specific-mission 

objectives. 

        LOW           RELIABILITY                HIGH 
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Ideal 

knowledge 

space 

3 

6 

Documentation 

may be needed 
 

Can guide 

prioritization  

of relevant 

work 

Poorly 

understood 

mission risks 

A “Know versus Show” Quadrant Approach  
to meet Specific Mission Objectives 

20 Hoover and Cash, 2013 -  Draft for discussion  

The scoring system is needed   

(1)  to effectively apply 

technology and data 

developed for other purposes, 

and 

(2)  to guide fit-for-purpose 

development of new 

technology and new data. 

We seldom  have the 

luxury of access to 

technology or data that 

were or will be precisely 

developed to meet our 

specific mission 

objectives. 

6 0 3 

0 
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Errors Affecting Decision Reliability 

21 

Type                     Attribute 

00   Lack of CLEAR objectives 

0   Failure to assess uncertainty 

1   False positive conclusion 

2   False negative conclusion 

3   Inappropriate decision level 

4   Inappropriate evaluation method 

5   Equating correlation and causation 

6   Inappropriate extrapolation 

7   Inadequate documentation 

8   Mishap or misconduct 

Hoover and Cash, 2013 - Draft for discussion 



Decision 

Level 

Historical View of Type I and Type II Errors 

5% probability of Type I Error (false positive)  

5% probability of Type II Error (false negative) 

MDA “0” 

22 



Competing Risk Priorities 
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What are the “value" and priority   
of health protection and health promotion? 

Competition

Intellectual Property

Finance

Insurance

Regulatory

Facilities

Equipment

Personnel

Supply

Market

Reputation

Hoover - Draft for discussion  



Definition 

24 
http://en.wikipractice.org/wiki/Organizational_risks_(D) 

Organizational risks are: 

  - threats,  

  - negative effects, or 

  - problems  

which can occur  

following an event or an action  

in a company or an organization.  

  

http://en.wikipractice.org/wiki/Company_(D)
http://en.wikipractice.org/wiki/Organization_(D)


Competing Priorities  
for Assessment and Management  

of Organizational Risks 

25 
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Intellectual 
Property 

Finance and 
Insurance 

Regulatory 
Approval 

Facilities and 
Equipment 

Human 
Resources ? ? ? 
Supply and  

Market Chains 

Reputation 

Threats to organizational resources: 
 

• Competition 

• Natural disasters 

• Mishaps 

• Misconduct (including scientific) 

• Sabotage 

• Theft 

• Legal and regulatory challenges 

• Risk to reputation 

• Other 

 Where are risk assessment and  

management priorities currently placed? 
 

What is the “value”  

of occupational safety, health,  

and well-being? 
 

Does OSH have appropriate recognition  

and “a seat at the table” ? 
Hoover - Draft for discussion  



26 
Reference: National Research Council. 1983. Risk assessment in the federal 

government. Managing the process. National Academy Press, Washington, DC.  

Traditional Risk Assessment Paradigm 
(with implied interactions among exposure assessment, 
hazard identification, and dose-response assessment) 



27 National Research Council. 1983. Risk assessment in the federal government. Managing the process.  

Adapted by Hoover and Cash, 2013  

The interactive feedback relationships among exposure assessment,  

hazard identification, and dose-response assessment are explicitly conveyed. 

Adaptive Risk Assessment Paradigm 
(with explicit interactions among exposure assessment, 
hazard identification, and dose-response assessment) 



Communication and Education  
Message and Audience Planning Tool  

for (insert project name) 

W
o

rk
er

s 

H
ea

lt
h

 a
n

d
 s

af
et

y 
p

ra
ct

it
io

n
er

s 
M

an
ag

em
en

t 

Po
lic

y 
m

ak
er

s 
an

d
 r

eg
u

la
to

rs
 

Eq
u

ip
m

e
n

t 
an

d
 

sy
st

em
 v

en
d

o
rs

 

 
M

at
er

ia
ls

 
su

p
p

lie
rs

 
Fi

n
an

ce
 

co
m

m
u

n
it

y 

 
In

su
re

rs
 

Le
ga

l c
o

m
m

u
n

it
y 

 
R

es
ea

rc
h

e
rs

 

 
Ed

u
ca

to
rs

 

 
St

u
d

e
n

ts
 

Em
er

ge
n

cy
 

R
es

p
o

n
d

er
s 

M
ed

ia
 

C
o

n
su

m
e

rs
 

  

So
ci

et
y 

Literacy and  
Critical 

Thinking 
Real Life 
Examples 

Understanding 
(not rote 

application) 
Continuous 

Improvement 
Modeling  

and Sharing 

Assessment 
Updated from June 29, 2010 draft for discussion 

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. 28 

mailto:Mark.Hoover@cdc.hhs.gov


Suggested Informatics Guidelines 

 for Preventing Injury and Disease* 

1. Emphasize literacy and develop critical thinking;  

2. Develop and use real-life data examples; 

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 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/ . 29 

http://www.amstat.org/education/gaise/


• The traditional risk assessment and 

management strategy requires an 

occupational exposure limit (OEL). 

 

• OELs for radioactive materials are 

based on a unified concept of dose.   

 

• Such a unifying concept is not 

available for all hazards that can affect 

total worker health. 

  

• How can an effective hygiene program 

for all stressors be developed and 

implemented in the absence of 

comprehensive OELs? 

 

• What control approaches are feasible 

and effective? 

Elimination 

Substitution 

Modification 

 Ventilation 

 Containment 

Personal Protection 

Work Practices 

Hierarchy of Exposure 

Control Practices 

Current Challenges 

30 www.cdc.gov/niosh/topics/ctrlbanding/ 

 



Prevention through Design Concept 

 

Substitute 
Hazard 

  
Personal 

Protective 
Equipment 

Eliminate 

Hazard 

Administrative 

Controls 

PtD seeks to include 
controls at the top of 
the hierarchy by… 

…eliminating the 
hazard or minimizing 
hazardous exposures 

Figure credit: Donna Heidel and the NIOSH PtD Program 31 

Engineering 

Controls 



Containment  

and other   

engineered  

controls 
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Safe 
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Hierarchy of Hazard and Exposure Control 

Hoover MD, Heidel D, Cash LJ, Geraci CG, Piacitelli C, 2013 - Draft for discussion 32 

Potential Hazard x Potential Exposure = Potential Risk 



A Hierarchical Vision of Hazard and Exposure Control 

for Comprehensive Health Protection, Health Promotion, and Well-being 

Hoover MD, Heidel D, Cash LJ, Geraci CG, Piacitelli C, 2013 - Draft for discussion 33 

Potential Hazard x Potential Exposure = Potential Risk 
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Potential Hazard x Potential Exposure = Potential Risk 

We have retrospective, 
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After the paperwork, 

after the pre-job, 

before you begin the work, 

take 2 minutes for you. 

 

 

WHAT COULD GO WRONG? 

WHAT DIDN’T I THINK OF? 

IS ANYTHING MISSING? 

DO I HAVE THE RIGHT TOOLS? 

DO I HAVE THE REQUIRED TRAINING?  

NOW DO THE JOB ! 

 

  

TAKE2  4U 
 WSST 

Los Alamos National Laboratory, Worker Safety and Security Team 
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While using TAKE2    4U 

for safety at work, 

also take a few  

moments each day to: 

  
Minimize stress. 

Choose healthy foods. 

Get some exercise. 

Ensure adequate rest.  

Get support when needed. 
 

GO FOR TOTAL  

WELL-BEING ! 

  

TAKE2  4U 
 It’s more than just safety... 

 It’s your Health. 
 

Adapted by Hoover and Cash, 2012 from Los Alamos National Laboratory, Worker Safety and Security Team 

Possible Complementary Message  

for Total Well-being 
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We can partner to develop a 

comprehensive risk management scheme to: 

• Anticipate, 

• Recognize, 

• Evaluate,  

• Control, and 

• Confirm   

by applying a science-based approach 
to understanding and managing  

the critical elements  
over which we have control. 

success in our mission through management  

of hazards, exposures, and risks to safety, health, and well-being 

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

Training 
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A LANL implementation example 

Courtesy of MT Brandt, Los Alamos National Laboratory  
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