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How small is How small is 
one billionth of a meter?one billionth of a meter?

A dollar bill is 100,000 nm wideA dollar bill is 100,000 nm wide
A red blood cell is 5,000 nmA red blood cell is 5,000 nm
A virus is 50 nmA virus is 50 nm
There are as many nanometers in an inch as There are as many nanometers in an inch as 
there are inches in 400 miles there are inches in 400 miles –– 25,344,000 25,344,000 

http://images.google.com/imgres?imgurl=http://guide.theemiratesnetwork.com/living/images/soccer%2520ball%25202.jpg&imgrefurl=http://guide.theemiratesnetwork.com/living/sports.php&h=200&w=200&sz=13&tbnid=kENDXTuAxkYt2M:&tbnh=99&tbnw=99&hl=en&start=1&prev=/images%3Fq%3Dsoccer%2Bball%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.theliquidimage.com/favorites/images/13.jpg&imgrefurl=http://www.theliquidimage.com/favorites/pages/13.htm&h=480&w=600&sz=86&tbnid=JcRBx1RTlDmnaM:&tbnh=106&tbnw=133&hl=en&start=3&prev=/images%3Fq%3Ddollar%2Bbill%2B%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
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No regulatory oversightNo regulatory oversight
Must trigger a mass/Must trigger a mass/volvol threshold to trigger threshold to trigger 
regulation (TSCA, 10k kg/yr; OSHA, regulation (TSCA, 10k kg/yr; OSHA, 
nuisance dust std 5 mg/cu.m)nuisance dust std 5 mg/cu.m)
Burden on Burden on govtgovt to prove harm; No data to prove harm; No data 
means no riskmeans no risk
Reg’sReg’s target chemical, not final use/producttarget chemical, not final use/product
No detection equipment means no No detection equipment means no 
enforcement abilityenforcement ability
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Nanotubes (single or 
double walled; carbon)

Nanospheres
(fullerenes, AKA 
buckyballs; carbon)

Nanodots (quantum 
dots, often metal-
based; cadmium, lead)
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Nanogold particles of Nanogold particles of 
different sizes are used as different sizes are used as 
surface coatings, imaging surface coatings, imaging 
systems, and systems, and 
electromagnetic shieldingelectromagnetic shielding

The red in ancient 
stained glass is 
nanogold particles of 
different sizes
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Nano zeroNano zero--valentvalent iron used to “clean up” iron used to “clean up” 
TCE contaminated water at Superfund TCE contaminated water at Superfund 
sites. The byproduct may be benzenesites. The byproduct may be benzene

Use of iron and iron oxide nanoparticles for in situ remediation: 
reaction and adsorption. W.-X. Zhan, Nanoparticle Res., 2003
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Center for Biological and Environmental Nanotechnology
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Consumer products and nanoConsumer products and nano

http://www.nanotechproject.org/44/consumer-nanotechnology
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Nanoscale cell biologyNanoscale cell biology

A cell 
membrane 
is about 7-10 
nm thick. 
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Inhaled carbon nanoparticles pass Inhaled carbon nanoparticles pass 
rapidly  into the blood streamrapidly  into the blood stream

((NemmarNemmar et al, 2002)et al, 2002)

http://circ.ahajournals.org/content/vol105/issue4/images/large/12FF2.jpeg
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DNA is about 
2.5 nm wide.
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Significant brain damage was found in 
brains of largemouth bass after 48 hr 
of exposure to 0.5 ppm uncoated nano 
(C60) buckyballs.
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Single walled carbon nanotubes cause lung Single walled carbon nanotubes cause lung 
fibrosis,death at high levels fibrosis,death at high levels (NIOSH, DuPont, (NIOSH, DuPont, 
NASA…)NASA…)

5 mg/kg SWCNT led to 
suffocation in 15% of the CNT-
exposed rats within 1 day of 
exposure.

1 mg/kg 
SWCNT led 
to fibrosis 
after 1 week

Warheit et al, Toxicological Sci 77, 117-125 (2004) 

http://toxsci.oxfordjournals.org/content/vol77/issue1/images/large/121231512001.jpeg
http://toxsci.oxfordjournals.org/content/vol77/issue1/images/large/121231512005.jpeg
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Lungs from mice instilled with 0.5 mg per mouse 90 
days after the single treatment. (A) Serum control. 
(B) Carbon black (Printex). (C) carbon nanotubes. 

This level is equivalent to a mouse breathing 
graphite dust at the OSHA PEL (5 mg/cu.m) for 17 
days. Lam et al, Toxicological Sciences 77, 126-134 (2004)
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PM10 (10,000 nm) is linked to increased PM10 (10,000 nm) is linked to increased 
lung cancer and cardiopulmonary lung cancer and cardiopulmonary 
diseasedisease
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Nano cerium oxide used as a fuel additive to Nano cerium oxide used as a fuel additive to 
reduce diesel emissions by 15% and reduce diesel emissions by 15% and 

increase fuel efficiency by 10% (increase fuel efficiency by 10% (OxonicaOxonica))

What are the health hazards?

http://www.nano-size.com/products/cerium oxide_HRSEM_enlarge.htm
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What makes nano toxic?What makes nano toxic?

•Large surface-area-to-mass ratio

•Ability to penetrate biological tissues

•biopersistance

Nel et al, Science, 2006
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Kevin Dreher, EPA, October, 2005
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FY07 US federal NANO budget (total $1.2B): FY07 US federal NANO budget (total $1.2B): 
27% for DOD ($345M), 27% for DOD ($345M), 
20% for DOE ($258M), 20% for DOE ($258M), 
7% for EPA ($9M)7% for EPA ($9M)

Technology Review June 2005
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Prevent dispersive usesPrevent dispersive uses

Label productsLabel products

public risk information public risk information 

Independent safety testingIndependent safety testing

comprehensive lifecomprehensive life--cycle assessment cycle assessment 

NRDC POSITIONNRDC POSITION
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NRDC Action PlanNRDC Action Plan
case studies of risks (cosmetics, pesticides, food)case studies of risks (cosmetics, pesticides, food)

framework for regulation based on performance framework for regulation based on performance 
standardsstandards

cost benefit analysis of regulatory compliance cost benefit analysis of regulatory compliance 
versus liabilities using above infoversus liabilities using above info

Identify sectors to support a regulatory frameworkIdentify sectors to support a regulatory framework
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