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Conduct of Work …Attributes

• DOE will Adopt and 
Implement existing and 
future best ESH practice 
(Consensus Standards).  
Apply existing related ESH 
requirements.

• Use ISM to ID and manage 
potential ESH issues.

• …stay abreast of current 
research and guidance; 
ensure best current 
knowledge is applied to ID 
and Control.

• DOE will support ESH 
related R&D; all involved 
share responsibility for 
ESH consistent with Policy 



Nanomaterials Safety: 
Industrial Hygiene Approach

• Anticipation
• Recognition
• Evaluation
• Control

A variety of materials
A variety of hazards



Anticipation 
Recognition

• What do we know from history?
– Analogies 
– Bass brains

• What material (chem. phys.) properties?
• What does toxicological research tell us?
• Need Dose-Response to set exposure limits.
• Consensus standards, regulatory limits?
• MSDS-NO
• Prudent Practice/Avoidance



Recognition cont.
• Unlimited number of sizes, shapes, chemistries, 

physics.
• Nano-hazards we have already lived with.

– Fumes (50-200+nm) Zn and Mn fumes versus particulate
– Asbestos
– Diesel Exhaust
– Ceramic Whiskers (early ‘90s)

• The ambient air environmental soup we live in:
– Natural sources of nanomaterials fires, volcano, natural smog
– Nano in homes offices (1000-100K P/cc)

• Nano-exposures from Consumer products



Toxicity – Emerging Information
• Depends on chemistry, morphology, 

surface charges, etc.
• Probably relates to particle surface 

area especially for insoluble/low 
soluble

• Free radicals (in vitro)
• Increased inflammatory response (in 

vivo)
• Translocation to target organs 

(rodents)
• Allergic asthma like symptoms
• Aggravate symptoms of pneumonia 
• Cardiac effect-2 days later
• Toxicity in aquatic environment



Natural and man-made sources
can be significant >100K/cc air 



Classic concepts of 
route of entry, target organ, 
dose-response remain 
applicable, but may need to 
use surface area to plot the 
D-R graph.  Watch for silver 
bullets and nano-radios!
The small size plays a role 
in all aspects, enhances 
movement in the body and in 
the environment and may 
add skin absorption as a 
route of entry. Increase 
solubility!
Toxicity mechanisms may 
change for particles less 
than 10 nm?



Nanoparticles in Respiratory System

• Benign residence
• Solubility and chemical relocation
• Translocation (intra and extra cellular)

– Lymph, CNS, Mitochondria, DNA
• Residence with inflammation (proinflammatory 

chemokine)
• Free radicals (nano-carbon black induce more 

hemeoxygenase)
• Removal by muco-ciliary-escalator (not in alveoli)
• Longer time for clearance of insoluble nanoparticles?
• Surface area (contact) for insoluble more important 

than mass



If we inhale them, where do they go?

from Andrew Maynard’s 
People breathing in 
nanoparticles?

 
www.SafeNano.org

http://www.safenano.org/cs_authenticate.aspx?redirectURL=http://community.safenano.org/blogs/andrew_maynard/archive/2007/10/08/people-breathing-in-nanoparticles-surely-you-re-joking-mr-feynman.aspx
http://www.safenano.org/cs_authenticate.aspx?redirectURL=http://community.safenano.org/blogs/andrew_maynard/archive/2007/10/08/people-breathing-in-nanoparticles-surely-you-re-joking-mr-feynman.aspx
http://www.safenano.org/


Tools for Evaluating 
Nanomaterial Exposures

• Surface area – diffusion charger
• Scanning Mobility Particle Sizer (SMPS) 
• Count – CPC (TSI)
• Composition/Chemistry - GC-MS
• Filter/Impinger/Impactor-TEM/SEM



Sampling Approach for CNMS Activities
• TSI 3007 CPC, particle counts to 10nm
• Nucleopore filter + SEM/TEM

– size,
– shape, 
– metallic composition

• Baseline index of “clean” watch for other 
sources (air pollution, combustion)

• Direct count, estimated mass, and surface 
area for each process

• Passive monitoring (TEM/SEM Stub or grid) 
weeks



IH Monitoring of Laser Ablation



NIOSH on 
Titanium Dioxide
• Exposure limit of 1.5 milligrams per cubic 

meter for fine TiO2 (particles greater than 0.1 
micrometers in diameter) 

• 0.1 mg/m3 for ultrafine particles as time- 
weighted averages for up to 10 hours per day 
during a 40-hour work week 

• Suggests that ultrafine TiO2 particles may be 
more potent than fine TiO2 particles at the 
same mass. This may be due to the fact that 
the ultrafine particles have a greater surface 
area than the fine particles at the same mass 



We may have sufficient information to set 
Control Limits for some other materials

Surface area as dominant characteristic 
contributing to toxicity is plausible



Nanotechnology Controls

http://www.cdc.gov/niosh/topics/nanotech/

http://orise.orau.gov/ihos/nanotechnology/nanotech_doe_nanoscale_sc.html

http://www.nap.edu/openbook.php?isbn=0309052297

http://www.cdc.gov/niosh/topics/nanotech/
http://orise.orau.gov/ihos/nanotechnology/nanotech_doe_nanoscale_sc.html
http://www.nap.edu/openbook.php?isbn=0309052297


“Approach to Nanomaterial ES&H”(Scope)

1. Introduction

2. Conceptual Foundations

3. Controls for R&D Laboratory Operations

4. Verifying Program Effectiveness

5. Transportation of Nanomaterials

6. Management of Nanomaterials-Bearing Waste 
Streams

7. Management of Nanomaterial Spills

8. Example Industrial Hygiene Sampling Protocol



Engineering Controls for 
Nano-hazards:

• Agglomeration during synthesis (will agglomerates de- 
agglomerate??)

• Enclosed reactors
• Ventilation
• Encapsulated in processes
• HEPAs work
• Polymer gloves work
• Tyvek works
• Do HEPA Respirators work? (avoid N95), provide reluctantly
• In R&D the devil often lives in researchers’ work practices!





While we discuss the future of nanotechnologies, 
Many will continue to doubt the safety!

THE END?
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