Particles- Terms and Definitions 

There are a number of ways of expressing particle content. Most use mass concentration as the unit of measurement, however it is sometimes more useful to have a particle count based measurement.

· TSP: (total suspended particles) - fairly self explanatory. First standard but now rarely used since it became possible to measure different size classes. Measured by filter capture which used to be the only available method.

· PM10:  Particles with an aerodynamic diameter less than 10 micrometers (microns). A large proportion, by mass, of these are from 'mechanical' sources like dust. Used to be regarded as 'respirable' but most larger particles are trapped and eliminated before entering the lungs. This is the main regulatory measurement (NEPM goal 50µg/m3/ 24hr) and is the size class referred to in most medical literature - mainly because the data is widely available.

· PM2.5:  Particles with an aerodynamic diameter less than 2.5 micrometers. Now known be respirable and to lodge at various levels in the lung, therefore more toxic. Regarded as a good indicator of combustion sourced particles – fires and vehicles. New NEPM advisory goal 25µg/m3 /24 hr. PM2.5 levels are only measured at a few stations and are not often publicly reported.

· PM1: Particles with an aerodynamic diameter less than 1 micrometer. Highly respirable and enter deep into the lungs. Some penetrate cell membranes or are soluble. Almost all modern diesel emissions are less than 1 micron. Is best indicator of vehicle emissions. Not monitored at all on a regular basis - difficult to measure reliably.

Fine and Coarse particles?

These terms are commonly used but give rise to confusion. 

US EPA uses 'fine' for PM2.5 and coarse for PM10. In aerosol science, 'fine' is used for PM1 and 'coarse' for PM10-1. This is preferable because PM1 is close to a natural division in particle source, most being from combustion.

Sources, sizes, compositions and toxicity

Particles formed in motor vehicles change rapidly after formation aggregating and absorbing other compounds. Particles from different sources have different size distributions and chemistries. 

	Environment type

After Morawska
	PM1 (% contribution by mass)
	PM2.5 (% contribution by mass)
	PM10 (% contribution by mass)

	
	From combustion
	Mechanical source
	From combustion
	Mechanical source
	From combustion
	Mechanical source

	Traffic influenced
	82
	18
	14
	86
	3
	97

	Urban Influenced
	47
	53
	10
	90
	<1
	>99

	Suburban background
	38
	62
	1
	99
	<1
	>99


Health impacts are related to size and the surface area of the particles, because many of the harmful compounds are attached to the surface, especially the carbonaceous ones. 

Measurement
Because particles are heterogeneous, there is no universally acceptable method to measure them.

TEOM and Hi vol sampling measure only the total weight of the sample and give no information about surface area (or composition). Equal weights of 10 micron, 1 micron and 0.1 micron particles, have surface areas in the ratio 1:10:100. PM10 is basically useless as a measure to determine impacts from traffic.

PM10 and PM2.5 are measured by: 

· Hi-Vol method (High volume sampler with size selective inlet – a filter based method) covered by AS3580.9.6.1990. Provides 24 hr data only, usually on a 1 in 6 day cycle, but is regarded as more 'basic' and 'standard'.

· TEOM (Tapered Element Oscillating microbalance) covered by AS3580.9.8-2001. This method is the one most widely used as it can provide short term (5min) data. It is suggested in the standard that this measure should be compared with co-located Hi vol measurements. 

· Various light scattering methods, not usually used as a regulatory method as yet. (many particles are less than the wavelength of light in size ,including those with the greatest health impact, and are not 'seen' effectively by this type of instrument.)
TEOM correction factors.

It has been known for some time that TEOM measurement tends to underestimate particle concentrations under some conditions, mainly but not exclusively related to low temperatures. Hi – vol sampling gives a much more stable measure but is also subject to small underestimations The standard TEOM instrumentation is fitted with a 'correction' determined by the US EPA to equate the measurement with Hi- vol readings. Research carried out by CSIRO for Environment Australia showed the this equipment under Australian conditions required further correction – up to +20% in some cases, mainly in the southern states. (The Earlwood data , on which the M5 modelling was based was the second 'worst' in Australia.) . 

A 'Peer review Committee' set up by the NEPC (2001) suggested a number of possible courses of action from no correction at all to a 'site specific correction factor' for individual monitors. This was the preferred outcome. This is what is being done for the monitoring for the M5 east but is NOT being done, (due to provisions in the conditions of approval) for the Lane Cove and CCT. The M5 corrections are +20% for winter +8-10% for spring and Autumn and about +1% for summer.

Because the 'exposure limits' set in the conditions are based on the health evidence which effectively used 'corrected' PM10 data and refers to 'real' PM10 concentrations it is correct and necessary to use properly corrected data for the tunnel regulation. 

The situation with 'ambient' monitoring is more complicated. Vic EPA are evidently now reporting corrected data. NSW EPA have decided a not to issue corrected data but to report it as 'uncorrected TEOM data'. This is a defensible stand but is basically misleading as the significance is understood by professionals but the 'informed public' may believe that a 'swifty' is being pulled on them. It means that it is impossible to directly compare NSW data with others, but it does demonstrate 'trends' fairly accurately. 

Particles and health impacts.

The 'medical evidence' indicates PM10 as being the 'cause' of widespread health impacts, with no safe threshold: 'A 10µg/m3 increase in PM10 results in a 10% increase in hospital admissions' is a common one, based on the '6 cities study' by Dockery, D.W. & Pope, C.A., in 1993. This is a correlative study and did not look at causation.  Dr. Stephen Corbett (Acting Director, Health Protection Branch, NSW Health Department) 2002,reported "Numerous studies, including those undertaken in Sydney, have noted a dose and response relationship between fine particle pollution and many of these health outcomes.  That is, quite simply, the more you are exposed to, the greater the risk. 

If PM10 increases and the composition stays the same, then PM1 also increases in the same proportion. This explains the '6 cities' type of study. If PM10 increases because of the addition of vehicle exhaust then the proportion changes and on a gram for gram basis the PM10 becomes more harmful. This is why concentrations of a sickness were found round the tunnel portals in old tunnels.

Studies which actually look at what causes the impacts invariably find that it is the smaller particles which do the harm, at least partly because they can actually get into the lungs and not be trapped by mucus. There is no level below which no harm is caused.

Standards

The only exposure standards for particles are annual and 24 hour ones, based on the large scale studies. There are as yet no short term exposure standards, mainly because these tend to be based on direct controlled exposure experiments using pure compounds and it is impossible (as yet and probably for ever) to produce realistic particles for such an experiment. Combustion based particles change rapidly in composition and size with time and cannot be produced in the absence of other harmful compounds such as nitrogen dioxide and volatile organics. 

This absence of a standard is being used by NSW Health and the EPA as an excuse for doing nothing to regulate in-tunnel conditions for particles, yet as NSW Health continually points out, “the standards do not provide a threshold below which effects do not occur. Particles especially are recognised as having a dose response effect on health outcomes, even in settings with levels well below the NEPM standard”
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