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...but is nano 

SAFE?
New Questions...

...New Answers



http://www.youtube.com/watch?v=NmxHRuf6q-0
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Similar Chemistry

Potentially Different Risks
nano-ZnO, Wang et al., Georgia Tech
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Relevance of Compositional Structure
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A thought experiment
The potential significance of structure on nanomaterial impact



250 nm particles

25 nm particles

Mass Concentration

Oberdörster, G., Phil. Trans. Roy. Soc. London 
Series A 358 (1775), 2719-2740, 2000
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Scale-specific hazard: Particle Size 
TiO2 Instillation in Rats
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Scale-specific hazard: Particle Size 
TiO2 Instillation in Rats



Maynard and Kuempel (2005), J. 
Nanopart. Res. 7(6) 587-6140
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Scale-specific hazard: Particle Surface 
TiO2 Instillation in Rats



Size-related hazard: Translocation 
Translocation following inhalation - Nose to Brain

(Based on Oberdörster, G., et al. (2004), Inhal. Toxicol. 16 (6-7), 437-445)
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Structure-related hazard: Crystallinity 
In vitro studies - Human Dermal Fibroblasts



13Ryman-Rasmussen, J. P., J. E. Riviere and N. A. Monteiro-Riviere (2006). Tox. Sci. ToxSci 
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Scale-specific hazard: Skin Penetration 
4.6 nm spherical Quantum dots in porcine skin flow-through cell
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Linse et al. (2007), Proc. Nat Acad Sci USA. doi:10.1073/pnas.0701250104

beta-2 microgobulin

fibrillated protein

Scale-specific hazard: Form 
Interfering with biology at the nanoscale



beta-2 microgobulin

fibrillated protein

Scale-specific hazard: Form 
Interfering with biology at the nanoscale

Linse et al. (2007), Proc. Nat Acad Sci USA. doi:10.1073/pnas.0701250104



beta-2 microgobulin

fibrillated protein

Scale-specific hazard: Form 
Interfering with biology at the nanoscale
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Structure-related hazard: Things we already know 
Does the fiber paradigm hold for fiber-like nanomaterials?
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Asbestos

Carbon Nanotubes

5 µm

Carbon nanotubes that look like harmful asbestos fibers, 
behave like harmful asbestos fibers

Poland, C. A., R. Duffin, I. Kinloch, A. Maynard, W. A. H. Wallace, A. Seaton, V. Stone, S. Brown, W. MacNee and K. Donaldson (2008). "Carbon nanotubes 
introduced into the abdominal cavity of mice show asbestos-like pathogenicity in a pilot study." Nature Nanotechnology doi:10.1038/nnano.2008.111.
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Structure-related hazard: Carbon Nanotubes 
Non fiber-like behavior



Exposure Routes Exposure Characterization

Dose

Risk Control Reduced Impact

Health Effects
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Outreach
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Setting Boundaries
Engineered nanomaterials which potentially present new challenges 

Nanoparticles 

Agglomerates

Aerosolized 
suspensions

Comminution

Degradation/
Failure

Unintentional use 
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Or…

Monitoring nanoscale aerosol exposures
Options
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Agglomeration



Modeling Agglomeration...

dn(d)

dt Generation Gravitational 
Settling

Diffusion Coagulation

= ( ) ( )- - - +-

The hard way

The easy way

+ =
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Estimated time for nanoparticles to increase in diameter by a factor 
of 10, through agglomeration

Agglomeration - simple model



30

Agglomeration



Protection



Japuntich, D. A., L. M. Franklin, et al. (2007). J. Nanopart. Res. 9(1) 93-107

Filter penetration 



Pui, D. Y. H., Qi, C., Stanley, N., Oberdörster, G. and Maynard, A. (2008). Recirculating Air Filtration Significantly 
Reduces Exposure to Airborne Nanoparticles. Environ Health Perspect doi:10.1289/ehp.11169.

Min efficiency ~ 20%

Driving in heavy 
traffic, air recirculation 
on.

In-cabin aerosol < 
4000 particles/m3 
within 3 minutesEEPS, Model 3090



Novel Risks (potential):
Engineered Nanomaterials

Might get to normally inaccessible places
Might cause harm in unusual ways
Harm might not be predictable from chemistry alone

Few generic principles of behavior 
Not all nanomaterials will present novel risks
Existing risk management approaches may work

Concerns:

Cautions



House Science Subcommittee on Research & Science Education
October 31 2007
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Managing Risks
A thought exercise
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