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Nanotechnology is being hailed as the “next industrial 
revolution”. Nanomaterials are now found in hundreds 
of products, from cosmetics to clothing to food 
products. Inevitably, these nanomaterials will enter our 
bodies as we handle nanomaterials in the workplace, 
eat nano-foods, wear nano-clothes and nano-
cosmetics, use nano-appliances and dispose of nano 
waste into the environment. Early scientific studies 
demonstrate the potential for materials that are benign 
in bulk form to become harmful at the nanoscale. 
There is an urgent need for regulations to protect 
workers, the public and the environment from 
nanotoxicity’s risks, for greater understanding of the 
short and long-term implications of nanotechnology for 
people’s health and the environment, for consideration 
of nanotechnology’s broader social implications and for 
public involvement in decision making regarding 
nanotechnology’s introduction.  
 
 
 
 
 
 
“Nanotechnology” refers to the design, production and 
application of structures, devices or systems at the 
incredibly small scale of atoms and molecules – the 
“nanoscale”. “Nanoscience” is the study of phenomena 
and the manipulation of materials at this scale, 
generally understood to be 100 nanometres (nm) or 
less1. To put 100nm in context, a single strand of DNA 
measures 2.5nm across, red blood cells measure 
about 7,000nm and a human hair is 80,000nm wide. 
Most observers do not make a distinction between 
nanotechnology and nanoscience and use the term 
nanotechnology to encompass production and use of 
nanoscale materials (“nanomaterials”). Nanomaterials 
are “first generation” products of nanotechnology and 
have already entered wide-scale commercial use. 
They include nanoparticles (eg metal oxides), 
nanotubes, nanowires, quantum dots and carbon 
fullerenes (buckyballs), among others. 
 
The ability to manipulate matter at the nanoscale may 
create opportunities for profitable new uses of familiar 
substances. For example, the nanoscale arrangement 
of carbon atoms is the only difference between soft 
graphite, hard diamonds, or carbon nanotubes capable 
of conducting electricity2. The colour, solubility, 
material strength, electrical conductivity and magnetic 
behaviour of nanoparticles can be very different from 
those of larger particles of the same chemical 
composition3. For example, in nanoparticle form gold 
may be red or blue, carbon nanotubes conduct 
electricity as well as copper and aluminium explodes. 
Altered properties are a result of both the influence of 
“quantum mechanics” at the nanoscale and also the 
much greater relative surface area that nanomaterials 
have compared with larger particles. Because of their 
large reactive surface area, nanomaterials have 
increased chemical reactivity4, making them attractive 
for use in medicine or as industrial catalysts. However 

 

  NANOTECHNOLOGY AND HEALTH RISKS 

What is “nanotechnology” 
and how is it used? 
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their high chemical reactivity and their greater capacity 
to penetrate biological membranes also pose serious 
new toxicity risks. 
 
There are now over 720 products that contain 
nanomaterials on the global market5. These include 
transparent sunscreens and cosmetics, odour and 
wrinkle-repellent clothing, long-lasting paints, 
electronic and sports equipment, fuel catalysts, 
building equipment, a small number of medicines, and 
even some food products6. In coming years and 
decades, “next generation nanotechnology” is forecast 
to bring more complex nanodevices, nanosystems, 
nanomachines and nanobiotechnology7 that will 
transform manufacturing, agriculture, health care, 
military, communications and energy production8. In 
fact, the United States government suggest that in time 
nanotechnology will be “the next industrial revolution”9. 
 
 
 
 
 
 
 
 
In the past, incidentally produced nano-sized particles 
have been a by-product of forest fires and volcanoes, 
and high-temperature industrial processes including 
combustion, welding, grinding and vehicle combustion. 
The widespread use of manufactured nanomaterials in 
consumer, industrial and agricultural products will 
dramatically increase our exposure to particles in this 
size range. Study of the negative health impacts of 
exposure to very small particles in air pollution, coal 
and silica dust, welding fumes and asbestos is 
informing the emerging field of nanotoxicology10, but 
much more research is needed to understand the 
health risks of nanomaterials already used in hundreds 
of products world-wide.  
 
 

 

The toxicity of nanomaterials is often linked to their 
extremely small size. Smaller particles have a greater 
reactive surface area than larger particles, are more 
chemically reactive and produce greater numbers of 
reactive oxygen species that include free radicals11. 
Reactive oxygen species production has been found in 
a diverse range of nanomaterials including carbon 
fullerenes, carbon nanotubes and metal oxides12. This 
is one of the primary mechanisms of nanoparticle 
toxicity; it may result in oxidative stress, inflammation, 
and consequent damage to proteins, membranes and 
DNA13.  

The extremely small size of nanomaterials also means 
that they are much more readily taken up by the 
human body than larger sized particles. Nanomaterials 
are able to cross biological membranes and access 
cells, tissues and organs that larger sized particles 
normally cannot14. Nanomaterials can gain access to 
the blood stream following inhalation15 or ingestion16. 
At least some nanomaterials can penetrate the skin17, 
especially if skin is flexed18. Broken skin is an 

ineffective particle barrier19, suggesting that acne, 
eczema, shaving wounds or severe sunburn may 
enable skin uptake of nanomaterials more readily. 
Once in the blood stream, nanomaterials can be 
transported around the body and are taken up by 
organs and tissues including the brain, heart, liver, 
kidneys, spleen, bone marrow and nervous system20. 
Nanomaterials have proved toxic to human tissue and 
cell cultures, resulting in increased oxidative stress, 
inflammatory cytokine production and cell death21. 
Unlike larger particles, nanomaterials may be taken up 
by cell mitochondria22 and the cell nucleus23. Studies 
demonstrate the potential for nanomaterials to cause 
DNA mutation24 and induce major structural damage to 
mitochondria, even resulting in cell death25.  
 
Size is clearly a key factor in determining the potential 
toxicity of a particle. However it is not the only 
important factor. Other properties of nanomaterials that 
influence toxicity include: chemical composition, 
shape, surface structure, surface charge, aggregation 
and solubility26, and the presence of “functional 
groups” of other chemicals27. The large number of 
variables influencing toxicity means that it is difficult to 
generalise about health risks associated with exposure 
to nanomaterials – each new nanomaterial must be 
assessed individually and all material properties must 
be taken into account in safety assessment.  
 
 
 
 

Preliminary scientific studies indicate that 
nanomaterials now used in consumer products could 
present serious risks to human health and the 
environment. The Scientific Committee on Emerging & 
Newly Identified Health Risks (SCENIHR) issued a 
preliminary opinion on "The appropriateness of the risk 
assessment methodology in accordance with the 
Technical Guidance Documents for new and existing 
substances for assessing the risks of nanomaterials" in 
March 2007 
[http://ec.europa.eu/health/ph_risk/committees/04_sce
nihr/docs/scenihr_o_004c.pdf  ]   
 
In general, the report concluded that it is “unclear” 
whether existing EU risk assessment methods could 
capture the potential environmental impacts of 
nanomaterials, though it was “generally likely” to 
identify risks to human health.   
The following conclusions (Page 51, 4.3.1. 
Conclusions of human health chapter) are specifically 
relevant to human health, and also single out certain 
vulnerable groups:  

“… there is evidence that nanoparticles may 
cross the blood – brain barrier under some 
circumstances, that they may be associated with 
long term inflammation in several different types 
of tissue and organ and may be associated with 
cardiovascular effects. Although this data is still 
limited, these possibilities have to be taken into 
account. Similarly, the available evidence 
suggests that certain subpopulations, particularly 
those with pre-existing disease such as asthma 
and cardiovascular disease may be more 

The risks of nanotoxicity to 
human health and the 

environment 

Why do nanomaterials present greater toxicity 
risks than larger particles and materials? 

What evidence is there that commonly used 
nanomaterials pose serious toxicity risks? 
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susceptible to the adverse effects of 
nanoparticles, which again should be considered 
in the assessment of human health hazards.” 

 
 

Focus on vulnerable groups 
“There are different human exposure scenarios 
during the life cycle of nanoparticles, including 
those during production, processing and 
distribution, use and application, storage, and 
waste disposal and recycling. Humans may also be 
exposed indirectly through contamination of the 
food chain by manufactured nanoparticles. If long 
term stability of a nanoparticle is proven, this may 
have consequences: for the general public and for 
potentially vulnerable subpopulations, including the 
embryo, the very young, and the elderly, beyond 
that associated with the exposure of workers. 
Furthermore the role of predisposition factors of 
individual humans, such as their genetic 
background and their pre-existing diseases such as 
allergies, cardiovascular disease and immune 
diseases needs to be taken into account.” 
 

Section 3.5.2. Potential risks to human health, 
SCENIHR Preliminary Opinion (see title above), 29 
Mar. 2007 
 

 
Nanoparticles of titanium dioxide are used in large 
numbers of sunscreens, cosmetics, personal care and 
food products. Titanium dioxide is a known 
photocatalyst. But even in the absence of UV light and 
at low doses, in a test tube experiment 20nm 
nanoparticles of titanium dioxide caused complete 
destruction of supercoiled DNA28. Also in the absence 
of UV, in another test tube experiment titanium dioxide 
produced reactive oxygen species in brain immune 
cells29. Pilot data from test tube experiments show 
nanoparticle titanium dioxide exposure negatively 
affected cellular function30 and caused death of brain 
immune cells after 24 hours exposure31. The potential 
for nanomaterials in sunscreens and cosmetics to 
result in harm is made greater as production of 
reactive oxygen species and free radicals increases 
with exposure to UV light32. Photo-activated 
nanoparticle titanium dioxide has been demonstrated 
to cause oxidative damage to DNA in cultured human 
fibroblasts33. In test tube experiments, photo-activated 
titanium dioxide nanoparticles were toxic to skin 
fibroblasts and nucleic acids34 and to human colon 
carcinoma cells35. 
 
Nanoparticles of silver are now used in toothpastes, 
soaps and face creams, food packaging, clothing, 
household appliances, disinfectants and wound 
dressings. Silver nanoparticles have a potent ability to 
kill bacteria36. In fact, the manufacturers of a washing 
machine which uses silver nanoparticles claim that 
their product will kill over 650 different bacteria37. 
However there are concerns that silver nanoparticles 
may also kill beneficial bacteria in environmental 
systems. The United States Environmental Protection 
Agency has announced plans to regulate as pesticides 
products that contain silver nanoparticles and which 

make antimicrobial claims38. At the same time, silver 
nanoparticles may also compromise our ability to 
control harmful bacteria. Harmful bacteria may become 
resistant to silver nanoparticles, but because of the 
type of resistance mechanism developed, they may 
also potentially develop resistance to 50% of 
commonly used antibiotics (beta-lactams)39. Silver 
nanoparticles may also be toxic to humans: test tube 
studies show that silver nanoparticles are highly toxic 
to rat brain cells40, mouse stem cells41 and rat liver 
cells42. 
 
Carbon fullerenes (“buckyballs”), currently used in 
some face creams and moisturisers, have been found 
to cause brain damage in fish43, kill water fleas44 and 
have bactericidal properties45. Test tube studies have 
found that even low levels of exposure to water soluble 
fullerenes are toxic to human liver cells, carcinoma 
cells and skin connective tissue46. This is cause for 
serious concerns given the capacity of fullerenes to 
enter human cells and to localise within cell nuclei 46F

47. 
Fullerene-based amino acid damaged human skin 
cells47F

48. In test tube studies in the presence of biological 
reducing agents (eg NADH) similar to the 
concentrations found in biological systems, photo-
activated fullerenes destroyed supercoiled DNA48F

49. 
 
 
 
 
 
Members of the general public face exposure to 
nanomaterials through use of products that contain 
nanomaterials, for example cosmetics, sunscreens, 
clothing or cling wrap, or through ingestion of products 
that contain nano-ingredients, for example foods, 
beverages, nutritional supplements or lipstick. 
Occupational exposure to nanomaterials is of particular 
concern as workers may be exposed at much higher 
levels than the general public and on a more 
consistent basis49F

50. Workers may experience nano-
exposure in the production, manufacture, packaging or 
transport of products that contain nanomaterials, or in 
cleaning or maintenance work. Environmental 
exposure to nanomaterials is likely to increase as the 
industry expands. Waste containing nanomaterials will 
be released into the environment from households and 
industry, and products containing nanomaterials will 
disposed of in landfill. Even nanomaterials that are 
“fixed” in products, for example lights, car parts or 
building equipment, may enter waste streams as “free” 
nanomaterials following product disposal or recycling. 
Large quantities of nanomaterials may also be 
released into the environment intentionally, for 
example for agriculture, military or remediation. There 
is a complete lack of data for current human and 
environmental exposure to manufactured nanoma-
terials50F

51.  

 

 

 

 

 

What are the potential sources of nano-
exposure? 
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This fact sheet is focussed on the health risks 
associated with nanotoxicity. However it is important to 
note that nanotechnology also raises important social 
issues and ethical challenges. Proponents suggest that 
a nanotechnology-enabled “revolution” will bring far-
reaching changes to economic, social and ecological 
relations. The United States National Nanotechnology 
Initiative predicts: “If present trends in nanoscience 
and nanotechnology continue, most aspects of 
everyday life are subject to change”52. Yet to date 
there has been a dearth of critical discussion about 
public interest issues associated with the predicted 
nanotechnology “revolution” and in particular what role 
civil society should have in decision making.  

 

 

 

 

The European Commission recognised the need for 
early regulation of nanotechnology’s risks in 2004: 
“Appropriate and timely [nanotechnology] regulation in 
the area of public health, consumer protection and the 
environment is essential, also to ensure confidence 
from consumers, workers and investors”52F

53. Also in 
2004, the United Kingdom’s Royal Society and Royal 
Academy of Engineering made very explicit 
recommendations for the precautionary management 
of nanotoxicity’s risks: nanomaterials should be treated 
as new chemicals under REACH; be subject to new 
safety assessments prior to their inclusion in consumer 
products; factories and research laboratories should 
treat nanomaterials as if they were hazardous; and 
until the environmental impacts of nanomaterials are 
better known, their release into the environment should 
be avoided as far as possible53F

54. However there are still 
no nanotechnology-specific regulations anywhere in 
the European Union – or indeed at a national level 
anywhere in the world.  

In its 2006 report54F

55, the EU Scientific Committee on 
Emerging and Newly Identified Health Risks 
(SCENIHR) recognised the systemic failure of existing 
chemicals regulatory frameworks to manage the risks 
of nanomaterials. Existing regulations do not require 
manufacturers to treat nanomaterials as new 
chemicals, thereby triggering the need for safety 
testing of nanoproducts prior to releasing these 
products into the market. Regulations remain based on 
the flawed assumption that materials are substantially 
equivalent whether in bulk or nanoparticle form – 
despite the known higher reactivity, and often greater 
toxicity, of nanomaterials. This means that if a 
nanomaterial has already been subject to safety 
assessment in bulk form – as many have – there is no 
trigger for new safety assessment. SCENIHR also 
recognised that the use by existing chemicals 

regulations of tonnage as the dose metric is 
inappropriate for nanomaterials that can be toxic even 
at low mass; it recommended that particle number and 
total surface area be used instead55F

56. Finally, regulatory 
regimes must be updated to require assessment of 
nanomaterial characteristics such as shape, surface 
structure, charge etc in affecting toxicity.  

New regulations are urgently required to manage 
nanomaterials: a recent survey suggests that industry 
has failed to undertake voluntary risk assessment. 138 
Swiss and German companies that use nanomaterials 
were surveyed; of the 40 companies that responded 
65% perform no risk assessments 56F

57.  

 

 

 

HEAL calls for a strongly precautionary approach to 
manage nanotechnology: 

• The assessment of nanomaterials as new 
chemicals 

• Mandatory safety testing of nanomaterials prior 
to their inclusion in commercial products 

• Requirements for product labels to indicate the 
presence of manufactured nano 
materials/particles 

• The consideration of nanotechnology’s broader 
societal implications alongside questions of 
basic safety 

• Public participation in decision-making 
regarding nanotechnology’s introduction and in 
determining priorities for public spending on 
nanotechnology research and development 

Recognising that concern has been expressed at the 
highest scientific levels about the health risks of 
nanomaterials, until such time as these actions are 
taken to manage nanotechnology’s risks, we support a 
moratorium on the further commercial sale of products 
that incorporate manufactured nanomaterials.  

 
 
 
 
 
 
 
 
 
 
Health and Environment Alliance 
28 Boulevard Charlemagne, 1000 Brussels, Belgium 
Tel: +32 2 234 3640 
E-mail: info@env-health.org   
Website: 1Hwww.env-health.org 
 
 
April 2008 Edition 
 
 
 

Broader social issues 
associated with 
nanotechnology 

Nanotechnology governance 
– EU action so far 

HEAL recommendations 



 5

 
References  
                                                 
1 The Royal Society and Royal Academy of Engineering (2004). Nanoscience and 

Nanotechnologies: Opportunities and Uncertainties. London: The Royal Society 

http://www.nanotec.org.uk/finalReport.htm  
2 Roco M (2001). “From vision to the implementation of the US National 

Nanotechnology Initiative”. Journal of Nanoparticle Research 3:5-11 

3 Oberdörster G, Oberdörster E and Oberdörster J (2005). “Nanotoxicology: an 

emerging discipline from studies of ultrafine particles”. Environmental Health 

Perspectives 113(7):823-839 

4 Nel A, Xia T, Li N (2006). “Toxic potential of materials at the nanolevel”. Science 

Vol 311:622-627 

5 Shand H and Wetter K (2006). “Shrinking Science: an introduction to 

nanotechnology”. Chapter 5 In State of the World 2006: Special focus: China and 

India”. The Worldwatch Institute. WW Norton & Company, New York, USA 

6 For examples of specific products, visit the Consumer Products Inventory hosted 

by the Woodrow Wilson Center for International Scholars’ Project on Emerging 

nanotechnologies: http://nanotechproject.org  

7 Roco M (2001).  

8 Roco M and Bainbridge W (Eds) (2002). Converging Technologies for Improving 

Human Performance: nanotechnology, biotechnology, information technology and 

cognitive science.  NSF/DOC-sponsored report. Available at: 

http://www.wtec.org/ConvergingTechnologies/ 

9 US National Nanotechnology Initiative (2000). “National Nanotechnology Initiative: 

Leading to the next industrial revolution. A Report by the Interagency Working Group 

on Nanoscience, Engineering and Technology Committee on Technology”. National 

Science and Technology Council, Washington, DC 

10 Mowat F and Yarborough C (2005). “Nanotoxicity: what can we learn from other 

small particles and fibers?” Paper presented at 2nd International Symposium on 

Nanotechnology and Occupational health, proceedings and final program. University 

of Minnesota, Minneapolis USA; Wichmann H and Peters A. (2000). 

“Epidemiological evidence of the effects of ultrafine particle exposure”. Philos. Trans. 

R. Soc. Lond. A 358:2751–2769 

11 Nel A, Xia T, Li N (2006).  

12 Oberdörster G, Oberdörster E and Oberdörster J (2005).  

13 Nel A, Xia T, Li N (2006).  

14 Holsapple M, Farland W, Landry T, Monteiro-Riviere N, Carter J, Walker N and 

Thomas K (2005). “Research strategies for safety evaluation of nanomaterials, Part 

II: Toxicological and safety evaluation of nanomaterials, current challenges and data 

needs”. Toxicological Sciences 88(1):12- 

15 Oberdörster G, Oberdörster E and Oberdörster J (2005); Oberdörster G, Maynard 

A, Donaldson K, Castranova V, Fitzpatrick J, Ausman K, Carter J, Karn B, Kreyling 

W, Lai D, Olin S, Monteiro-Riviere N, Warheit D, and Yang H (2005). “Principles for 

characterising the potential human health effects from exposure to nanomaterials: 

elements of a screening strategy”. Particle and Fibre Toxicology 2:8 

16 Hoet P, Bruske-Holfeld I and Salata O (2004). “Nanoparticles – known and 

unknown health risks”. Journal of Nanobiotechnology 2:12 

17 Ryman-Rasmussen J, Riviere J, Monteiro-Riviere N (2006). “Penetration of intact 

skin by quantum dots with diverse physicochemical properties”. Toxicological 

Sciences 91(1):159-165 

18 Tinkle S, Antonini J, Roberts J, Salmen R, DePree K, Adkins E (2003). “Skin as a 

route of exposure and sensitisation in chronic beryllium disease”, Environmental 

Health Perspectives. 111:1202-1208. 

19 Oberdörster G, Oberdörster E, and Oberdörster J (2005).  

20 Oberdörster G, Oberdörster E, and Oberdörster J (2005).  

21 Oberdörster G, Maynard A, Donaldson K, Castranova V, Fitzpatrick J, Ausman K, 

Carter J, Karn B, Kreyling W, Lai D, Olin S, Monteiro-Riviere N, Warheit D, and Yang 

H (2005).  

22 Li N, Sioutas C, Cho A, Schmitz D, Misra C, Sempf J, Wang M, Oberley T, 

Froines J and Nel A (2003). “Ultrafine particulate pollutants induce oxidative stress 

and mitochondrial damage”. Environmental Health Perspectives 111(4):455-460; 

Savic R, Luo L, Eisenberg A, Maysinger D (2003). “Micellar nanocontainers 

distribute to defined cytoplasmic organelles”. Science 300:615-618 

                                                                                   
23 Geiser M, Rothen-Rutlshauser B, Knapp N, Schurch S, Kreyling W, Schulz H, 

Semmler M, Im H, Heyder J and Gehr P (2005). “Ultrafine particles cross cellular 

membranes by non-phagocytic mechanisms in lungs and in cultured cells”. 

Environmental Health Perspectives 113(11):1555-1560; Porter A, Gass M, Muller K, 

Skepper J, Midgley P, Welland M (upcoming). “Visualizing the uptake of C60 to the 

cytoplasm and nucleus of human monocyte-derived macrophage cells using energy-

filtered transmission electron microscopy and electron tomography”. Environmental 

Science and Technology. Published online 02.02.07 

24 Geiser M, Rothen-Rutlshauser B, Knapp N, Schurch S, Kreyling W, Schulz H, 

Semmler M, Im H, Heyder J and Gehr P (2005).  

25 Li N, Sioutas C, Cho A, Schmitz D, Misra C, Sempf J, Wang M, Oberley T, 

Froines J and Nel A (2003); Savic R, Luo L, Eisenberg A, Maysinger D (2003).  

26 Nel A, Xia T, Li N (2006).  

27 Magrez A, Kasa S, Salicio V, Pasquier N, Won Seo J, Celio M, Catsicas S, 

Schwaller B, Forro L (2006). “Cellular toxicity of carbon-based nanomaterials”. Nano 

Letters 6(6):1121-1125 

28 Donaldson K, Beswick P, Gilmour P (1996). “Free radical activity associated with 

the surface of particles: a unifying factor in determining biological activity?” 

Toxicology Letters 88:293-298 

29 Long T, Saleh N, Tilton R, Lowry G, Veronesi B (2006). “Titanium dioxide (P25) 

produces reactive oxygen species in immortalized brain microglia (BV2): Implications 

for nanoparticle neurotoxicity”. Environmental Science & Technology 40(14):4346-

4352 

30 Long T, Saleh N, Pherat T, Schwartz C, Parker J, Lowry G, Veronesi B (2006). 

“Metal oxide nanoparticles produce oxidative stress in CNS microglia and neurons: 

physicochemical, cellular and genomic analysis”. The Toxicologist:105 (#513) 

31 Discussed in Long T, Saleh N, Tilton R, Lowry G, Veronesi B (2006). 

32 Oberdörster G, Oberdörster E and Oberdörster J (2005).  

33 Dunford R, Salinaro A,  Cai L, Serpone N, Horikoshi S, Hidaka H, Knowland J 

(1997). “Chemical oxidation and DNA damage catalysed by inorganic sunscreen 

ingredients”. FEBS Letters 418:87-90 

34 Wamer W, Yin J, Wei R (1997). “Oxidative damage to nucleic acids 

photosensitized by titanium dioxide”. Free Radical Biol Med 23:851-858 

35 Zhang A and Sun Y (2004). “Photocatalytic killing effect of TiO2 nanoparticles on 

Ls-174-t human colon carcinoma cells.” World Journal of Gastroenterology 10 

(21):3191-3193 

36 Salata O (2004). “Applications of nanoparticles in biology and medicine”. Journal 

of Nanobiotechnology 2:3; Sondi I and Salopek-Sondi B (2004). “Silver nanoparticles 

as antimicrobial agent: a case study on E. coli as a model for Gram-negative 

bacteria”. Journal of Colloidal Interface Science 275(1):177-182 

37 See http://ww2.samsung.co.za/silvernano/silvernano/.html 

38 Weiss R (2006). “EPA to regulate products sold as germ killing”. Washington Post 

23.11.06  

39 Melhus, A (2007). Silver threatens the use of antibiotics. Unpublished manuscript.  

40 Hussain S, Javorina A, Schrand A, Duhart H, Ali S, Schlager J (2006). “The 

interaction of manganese nanoparticles with PC-12 cells induces dopamine 

depletion”. Toxicological Sciences 92(2):456-463 

41 P414, Braydich-Stolle L, Hussain S, Schlager J, Hofmann M-C (2005). “In vitro 

cytotoxicity of nanoparticles in mammalian germline stem cells”. Toxicological 

Sciences 88(2):412-419 

42 Hussain S, Hess K, Gearhart J, Geiss K, Schlager J (2005). “In vitro toxicity of 

nanoparticles in BRL 3A rat liver cells”. Toxicology In Vitro 19:975-983 

43 Oberdörster E (2004). “Manufactured nanomaterials (fullerenes, C60) induce 

oxidative stress in the brain of juvenile largemouth bass”. Environmental Health 

Perspectives 112:1058-1062 

44 Oberdorster E (2004b) “Toxicity of nC60 fullerenes to two aquatic species: 

Daphnia and largemouth bass” [Abstract]. In: 227th American Chemical Society 

National Meeting, Anaheim, CA, March 28-April 1, 2004. Washington DC: American 

Chemical Society I&EC 21. Available at: 

http://oasys2.confex.com/acs/227nm/techprogram/P719002.HTM 

45 Fortner J, Lyon D, Sayes C, Boyd A, Falkner J, Hotze E, Alemany L, Tao Y, Guo 

W, Ausman K, Colvin V, Hughes J (2005).”C60 in Water: Nanocrystal Formation and 

Microbial Response”. Environmental Science and Toxicology 39(11); 4307-4316 



 6

                                                                                   
46 Sayes C, Fortner J, Guo W, Lyon D, Boyd A, Ausman K, Tao Y, Sitharaman B, 

Wilson L, Hughes J, West J, Colvin V (2004). “The differential cytotoxicity of water-

soluble fullerenes”. Nanolett. 4, 1881-1887 

47 Porter A, Gass M, Muller K, Skepper J, Midgley P, Welland M (upcoming). 

“Visualizing the uptake of C60 to the cytoplasm and nucleus of human monocyte-

derived macrophage cells using energy-filtered transmission electron microscopy 

and electron tomography”. Environmental Science and Technology. Published online 

02.02.07 

48 Rouse J, Yang J, Barron A, Monteiro-Riviere N (2006). “Fullerene-based amino 

acid nanoparticle interactions with human epidermal keratinocytes”. Toxicology In 

Vitro. In Press 

49 Yamakoshi Y, Umezawa N, Ryu A, Arakane K, Miyata N, Goda Y, Toshiki 

M,Tetsuo N (2003). “Active oxygen species generated from photo-excited fullerene 

(C60) as potential medicines: O2- versus O2.” Journal of American Chemical Society 

125(42)12803-12809 

50 Institute of Occupational Medicine for the Health and Safety Executive (2004). 

Nanoparticles: An occupational hygiene review. Available at http://www.hse.gov.uk 

51 Oberdörster G, Oberdörster E and Oberdörster J (2005).  

52 P8, National Science and Technology Council (1999). “Nanotechnology: Shaping 

the world atom by atom”. Interagency Working Group on Nanoscience, Engineering 

and Technology, Washington, DC 

53 P17 European Commission (2004). “Towards a European Strategy for 

Nanotechnology. Communication from the Commission”. European Commission, 

Brussels 

54 Recommendations 10, 12(i), 5(i) and 4, The Royal Society and The Royal 

Academy of Engineering, UK (2004).  

55 SCENIHR (2006). “Scientific Committee on Emerging and Newly Identified Health 

Risks: The appropriateness of existing methodologies to assess the potential risks 

associated with engineered and adventitious products of nanotechnologies”. 

European Commission, Brussels 

56 SCENIHR (2006).  

57 Siegrist M, Wiek A, Helland A, Kastenholz H (2007). “Risks and nanotechnology: 

the public is more concerned than experts and industry”. Nature 2:67 


