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What could possibly go wrong?

Nanotechnology in context
Lecture 2 of 3

Andrew D. Maynard

Chief Science Advisor, Project on Emerging Nanotechnologies

Woodrow Wilson International Center for Scholars (in partnership with the Pew Charitable Trusts)



DESTROY CIVILIZATION
WITH NANOTECHNOLOGY

...1n Jjust six amazing steps!

Ransom Riggs
http://www.mentalfloss.com/blogs/archives/23426
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New Fuestions...

SAFE?

L Newo 4/75403/\5



http://www.youtube.com/watch?v=NmxHRuf6qg-0
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Relevance of Physical Structure

A thought experiment
The potential significance of structure on nanomaterial impact
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Relevance of Compositional Structure



Inflammatory Response (% PMN)
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Scale-specific hazard: Particle Size
TiO, Instillation in Rats

Mass Concentration
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Inflammatory Response (% PMN)
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Scale-specific hazard: Particle Size
TiO, Instillation in Rats

Surface Area Concentration

25 nm particles

(/

O

/)

%

O

<
250 nm particles

Oberdoérster, G., Phil. Trans. Roy. Soc. London
Series A 358 (1775), 2719-2740, 2000
[ ] [ ] I [ ] [ ] [ ]

0.001

0.01

Particulate Surface Area (m2)

0.1



Scale-specific hazard: Particle Surface
TiO, Instillation in Rats

Inflammatory Response (PMN count x106)
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Size-related hazard: Translocation
Translocation following inhalation - Nose to Brain

B Cerebellum

B Cerebrum

B Lung
Olfactory Bulb

DEVE

(Based on Oberdorster, G., et al. (2004), Inhal. Toxicol. 16 (6-7), 437-445)
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Significant Data



Cell Viability (% Dead)

Structure-related hazard: Crystallinity
In vitro studies - Human Dermal Fibroblasts
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Scale-specific hazard: Skin Penetration
4.6 nm spherical Quantum dots in porcine skin flow-through cell

Neutral Cationic Anionic
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Advanced Access: Published January 27 2006



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

beta-2 M/‘crogoéa/ Y7

L1651l cted profe/n

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



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

Structure-related hazard: Things we already know
Does the fiber paradigm hold for fiber-like nhanomaterials?
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Average Tissue Thickness (um)

Structure-related hazard: Carbon Nanotubes
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http://www.youtube.com/watch?v=mGj5idMYMzw
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Particle deposition in the lungs
Modeled lung deposition. Mouth and nose breathing, person at rest.
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Setting Boundaries
Engineered nanomaterials which potentially present new challenges

Aerosolized
suspensions
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http://www.youtube.com/watch?v=AohjUkNxR5U
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Monitoring nanoscale aerosol exposures
Options
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Modeling Agglomeration...

The hard way
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Settling

The easy way

o+0=0
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Agglomeration - simple model

1 second
1 minute
1 hour

1 day

1 year

Gas-phase nanoparticle synthesis

Reactor leak

|\ _

Busy traffic, or not-too-
dirty workplace _

\\ _

Clean office or

http://www.safenano.org/MaynardNanoMyth.aspx

workplace

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




% Penetration
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AN/AlogD,, (partic|es/cm3)

Min efficiency ~ 20%

Driving in heavy
traffic, air recirculation
on.

In-cabin aerosol <
4000 particles/m3
within 3 minutes

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



Novel Risks (potential):

Engineered Nanomaterials

Concerns:

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

Cautions

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

A thought exercise

Novel - Medium High

Exposure:

U High  Medium  High

Toxicity:

Suggested H l g h H l g h

Precautions:
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COMMENTARY

Vol 444|16 November 2006

Nature Vol.

Safe handling of nanotechnology 444/16
November 2006

The pursuit of responsible nanotechnologies can be tackled through a series of grand challenges,
argue Andrew D. Maynard and his co-authors.

hen the physicist and Nobel laureate
Richard Feynman challenged the
science community to think small

in his 1959 lecture “There’s Plenty of Room at
the Bottom, he planted the seeds of a new era
in science and technology. Nanotechnology,
which is about controlling matter at near
atomic scales to produce unique or enhanced
materials, products and devices, is now matur
ing rapidly with more than 300 claimed nano
technology products already on the market'.
Yet concerns have been raised that the very
properties of nanostructured materials that
make them so attractive could potentially
lead to unforeseen health or environmental
hazards’.
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Writing on emerging technologies at:
http://2020science.org
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