Notes on 2nd Symposium on Nanotechnology and Occupational Health, 2005

I attended the 2nd International Symposium on Nanotechnology and Occupational Health in Minneapolis October 3-5th 2005.  This was extremely useful, at least to someone not versed in the subject.  The structure was very sensible : an optional first day had tutorials allowing participants to gain baseline knowledge.  Two days of scientific conference (rapid fire paper presentations and poster sessions) followed (two parallel sessions, so one could only attend half).  The last day was an ‘industry day’ which I did not attend.  Most presentations were fairly good although the ‘keynotes’ were uniformly poor.

General observations
The vast majority of speakers seemed to be from US universities and the audience US academia and industry.  European countries were sparsely represented. 

Generally particles below 100nm were considered to be in the nano-regime.  Usual (but not invariable) convention was to refer to incidental particles as ‘ultrafine’ and those deliberately engineered for nano-properties as ‘nano’, even if they are the same size.

The focus on nano particles seems to have highlighted an existing issue with ultrafines.  NIOSH (2003) estimates 2M+ workers in US regularly exposed to ultrafines (e.g. through welding, runway operations).  One survey looking for a particular nano product in a factory found the majority particle exposure to be from the direct-fuel heating system.

Believe HEPA filters (widely available) will collect down to at least 3nm with high efficiency (below this there may be ‘thermal recoil’).  HEPA’s minimum performance occurs at ~0.3μm.  For facemasks the issue may be how well they fit.

There seem to be good instruments for measuring nano particles down to ~10nm (e.g. cascade impactor, which breaks into mass fraction at a range of particle sizes).

Nobody seems to know whether the correct exposure metric should be mass; surface area or number of particles.  These can differ widely (one epidemiological study showed how the ordering of exposure (not just the values) in three groups changed with the metric).

General view that you cannot generalise.  Safety of materials would be on a case-by-case basis.

Key points from the tutorials are at annex.
Key points from the presentations were :

Gunter Oberdörster described his work showing neuronal translocation of inhaled nanoparticles to the brain.  Stated that they could locate in mitochondria.

Chunli Quan reported work on understanding the toxicology of fullerines.  Had seen cytotoxicity from Sc3NC80 with a dose-response relationship, but believed the pure fullerines did not have the effect.  Importantly therefore, manufacturing impurities matter.

Kathryn Creek reported work on Systemic Lupus Erythemotosus.  Her hypothesis was that skin exposure and penetration led to sensitisation and hence to autoimmune disease.  Believed silica and beryllium exposures to involve this mechanism.  Also believed there was a strong genetic predisposition, which makes testing difficult.

Elijah Petersen reported on the uptake from soil of 14C labelled nanotubes by earthworms.  14C was found internally after 14 days, but largely excreted after another 14 days in clean soil.  Not clear if it was the actual tube that was ingested intact as the test method cannot distinguish.

Robert Mercer spoke of single walled carbon nano tubes (SWCNT).  In lung had discovered that optical microscope could not see individual tubes, just clumps.  Hence counting clumps gave false impression of exposure.  Labelled with Au and found many other tubes.  Said the macrophages seemed to ignore even small CNTs.

Linda Ghibelli looked at Multi-walled CNTs.  Found no necrosis, but apoptosis was dose dependent.  Believed they ‘substantially sensitise cells to apoptosis, which is however low’.

Kevin Powers drew attention to the specification of a nominally 83nm Al powder.  The median diameter by volume was 14.4μm; by number was 151nm and by specific surface area was 80mn.  Particles with a wide range of sizes were found.

Believed nanoscale Al promoted higher cell death rate.

Thomas Cahill had studies ultrafines from vehicles.  Believed that lubrication oil was important.  This overturns traditional views about diesels.  Apparently diesels have got much less polluting recently, and he contends that petrol-engine lubricating oil becomes much more toxic than diesel lubricating oil.  

Also discovered clear peaks of ultrafines for (e.g. strontium) correlated with firework use (4th July) and Zinc peaks he believed to be from pesticides.

Paul Gardner (from Edgewood) has studied respirators at higher flow rates than the 85l/min at which NIOSH certifies them.  Found the ‘most penetrating particle size’ shifts lower at high flow rates, but respirators still met the specification.

Kwangseog Ahn had studies gloves (3 types) against nanomaterials (2 types).  Used SEM to examine the gloves.  All his results seemed to be qualitative (pictures).  Had exposed both sides of the glove.  He felt that future work should expose one side and see if the particle got through to the skin.  I was inclined to agree.

Kevin Ausman had looked at C60 in organic solvents.  When mixed with water they form suspensions in water and did not re-dissolve in the solvent.  Concluded this will be the dominant form in the environment.  

Believed C60 damage mechanism was oxidative membrane damage due to the electron distribution.  As it gets extra functional groups toxicity decreases (changes electron distribution).  Suggested as a method for reducing toxicity of products or for pre-treatment of fullerene waste.  Was worried by fullerenes because of their long persistence.

Justin Teeguarden spoke of particokinetics in vitro.  Settle time could be hours and was a function of particle size.  Hence cautioned that attempts to measure response against time could actually be measuring particle size, not changed response.

Lynn Bergeson, a ‘Washington lawyer’ who let on that she represented chemical companies, warmly applauded the EPA for its proposed voluntary registration programme (which she described as ‘regulation’).  She said that ‘traditional regulation won’t cut it’ as it would ‘take to long’.  The scheme would allow the chemical industry to press ahead and was therefore good.

She also noted that the FDA was looking at regulating claims, even in sectors where it did not regulate products (e.g. cosmetics).

Milind Kandlikar noted social science research on people’s tendency to decide first what they want and then self-justify.  Therefore if they want something, if it has high benefit they perceive it as low risk; or if they know it is low risk they infer high benefit.  The reverse applied – if they decide against, then low benefit convinces them it has high risk; and high risk convinces them of low benefit.

The next event is expected in Autumn 2007 in Taiwan.

Stuart Combes,

AD (Scientific Risk Management), DG(S&A) MOD

Annex : Key points from tutorials

Nanoparticle Aerosol behaviour (Prof William Hinds)

a.
aerosols tend to have log-normal distributions of particle size.  Hence saying PM10s (Particles with median diameter 10μm) effectively specifies the distribution.

b.
particle number distribution; mass distribution and surface area against diameter are log-normal; The majority of particles are small; but the majority of the mass is in the large particles.   The distributions have the same geometric width, but different means e.g. 
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c.
nanoparticles in aerosol form tend to agglomerate rapidly.  The inter-particle forces (Van der Waals) are very strong (example given was 0.3M airstream unlikely to dislodge).  Likewise they quickly stick tenaciously to surfaces and filters.

d.
Agglomeration means that small particles can be rapidly removed (especially at high concentrations) and the low end of the distribution moves upwards (whereas the high end stays roughly constant) e.g.

[image: image2.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.1 1 10

Particle diameter (μm)

Fraction/ Δ (ln (d))

t=0s 

5s

20s

100s


e.
All distributions over time tend to one where the geometric standard deviation is a particular value.  i.e. wide distributions get narrower and narrow distributions get wider.  Thus even a ‘mono-dispersed’ aerosol (all particles same size) will become a ‘poly-dispersed’ one in practice.

Health and Safety (Prof Gurumurthy Ramachandrean)
Small particles likely to have greater translocation within the body (e.g. ultrafine C detected in blood within 1 minute of exposure, Nemmar el al, 2001)


Quoted HSE (2005) as finding no significant dermal penetration, regardless of size, hydrophilicity.

Fundamentals of Nanotoxicology (Professor Kenneth Donaldson)

A Scot who confused the (mainly local) audience by explaining that cells themselves were only discovered ‘in the 1800s - not so long ago, really’.  Several people looked confused as they tried to subtract 1776 from 1800.

Stated that there was ‘no nano particle, including diesel, whose toxikinetics in understood’.

Seemed significantly concerned about nano-tubes given their similarity to asbestos ‘if they retain their rigid structure’.

