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Appendix 2: Summary of Existing and Proposed
Ambient Air Quality Guidelines & Standards

Pollutant Agency Units Averaging Maximum Allowed
time concentration exceedences

(except as (days per
noted) year)

Carbon monoxide WHO* 8 hours 9.0 0
USA 8 hours 9.0 -
NHMRC/ANZECC ppm 8 hours 9.0 1
Proposed NEPM 8 hours 9.0 1

Nitrogen dioxide WHO 1 hour 0.11 -
1 year 0.026 0

USA 1 year 0.053 0
NHMRC/ANZECC ppm 1 hour 0.16 1 per month
Proposed NEPM 1 hour 0.125 0

1 year 0.03 0

Ozone** WHO 8 hours 0.06 0
USA 8 hours 0.08 -
NHMRC/ANZECC ppm 1 hour 0.10 1
Proposed NEPM 1 hour 0.10 1

4 hours 0.08 1

Sulfur dioxide WHO 10 minutes 0.175 0
24 hours 0.048 0
1 year 0.02 0

USA 24 hours 0.14
1 year 0.03

NHMRC/ANZECC ppm 10 minutes 0.25 0
1 hour 0.20 1
1 year 0.02 0

Proposed NEPM 1 hour 0.20 1
24 hours 0.08 1
1 year 0.02 0

Lead (as TSP)*** WHO 1 year 0.5-1.0 0
USA 3 months 1.5 0

NHMRC/ANZECC μg/m3 3 months 1.5 0
Proposed NEPM 3 months 0.5 0

Particles (as TSP) NHMRC/ANZECC μg/m3 1 year 90.0 0

Particles (as PM10) USA μg/m3 24 hours 150 -

1 year 50 0

Proposed NEPM 24 hour 50 1

Particles as PM2.5 USA μg/m3 24 hours 65 -
US Revised Primary 1 year 15 0
Standard 17.07.97

Visibility Victoria km 1 year 20km LVD+ 0
New South Wales 1 year 10 km 0

*** Total suspended particulate matter.
+ Local visual distance
** Including photochemical oxidants
* World Health Organisation
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Appendix 3: Smog and Urban Haze

In this Report we have used the term ”smog” to mean photochemical smog.
Urban haze, which is typically brown but which can appear white depending on
the position of the sun, is mainly caused by fine particles, including aerosols,
less than two microns in diameter which cause scattering or absorption of vis-
ible light. These very fine particles are  part of a spectrum of sizes in the atmos-
phere extending up to tens of microns. Both forms of pollution can arise from
common sources, particularly vehicles, but there are other sources as well.
Under particular meteorological conditions either or both can form.

Photochemical Smog

Photochemical smog arises from the successive reactions of volatile organic
compounds, sunlight and oxides of nitrogen. The reactions are complex, but a
simplifying framework for understanding them has come from the work of
Johnson et al. in their now well established Integrated Empirical Rate (IER)
Method (Johnson 1984, 1992a,b). Large scale smog chamber experiments in
which controlled amounts of volatiles and of nitrogen oxides are exposed to
sunlight underpin the theory. Although the reactivity of the average mixes of
(non-methane) hydrocarbons in existing urban atmospheres are surprisingly
constant, individual compounds show very different reactivities (Bowman
1995).

In brief, NOx, dominantly nitric oxide, NO, from vehicles and other fossil fuel
combustion, reacts in the atmosphere to give nitrogen dioxide, NO2 , which fur-
ther reacts to give ozone, O3. For these reactions to take place, volatile organ-
ic molecules present in the atmosphere must first absorb energy from sunlight
to give reactive species. These in turn react with NO to give NO2 , which with
further sunlight energy input, reacts with oxygen in the atmosphere to give
ozone. A by-product of this last step is the reformation of NO.

In parallel, a proportion of NO2 reacts with water vapour and other species to
give acid aerosol nitrates, a component of brown haze (Bowman 1995, Harrison
1992). After several cycles of NO conversion a “NOx limited” regime is reached
beyond which no further smog species can form. This limit is reached in 4 to 8
hours under strongly conducive conditions. The maximum intensity of an
episode in terms of smog level is almost entirely dependent on NOx availability.
In most airsheds under most conditions there is a several fold excess of VOC
molecules over NOx species. However, the rate of the reactions are directly
proportional to the VOC concentration and to sunlight intensity, rising rapidly
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with ambient temperature. If the concentration of VOCs is lowered, the rate is
lowered proportionately. 

Fresh NO injected into an ozone containing air mass in the absence of strong
sunlight can itself react with ozone to form NO2 and oxygen. The amount of
smog present, or smog produced, ”SP”, is therefore more properly measured as
the sum of NO2 and O3 present.

In summary, it is important to minimise VOCs in order to slow the formation of
smog formation as much as possible and to allow diffusion or dispersion of the
affected air mass. This may avoid the peak concentrations that could build up
during an adverse weather episode. At the same time NOx emissions and
consequent concentrations in the atmosphere should be minimised. This would
limit the final peak concentration of smog under strongly adverse conditions and
minimise the formation of nitrate based aerosols, the ultimate sink for NO2.

There is a strong case for preventing the evaporation of the more reactive
organic compounds, typically olefins and aromatics, into the atmosphere as
part of keeping the total burden of reactive organics in the atmosphere as low
as possible.

Brown Haze

Brown haze (Williams et al 1982) results from the presence in the atmosphere
of particulates, including aerosols, which scatter or, to a lesser extent, absorb
light thus reducing long range visibility. Most of the visible effect arises from
scattering by particles in the 0.1 to 2 micron range, but there  may also be a
contribution of up to 5% from the gaseous smog component nitric oxide, NO2
which is brown in colour.

The particulate size range causing light scattering is only part of the particulate
load in the atmosphere injurious to human health, the fabric of buildings and
vegetation. A range of deleterious particles up to and above 10 microns are also
present. Current monitoring has been mainly confined to the PM10 range, ie
particle size 10 microns and smaller, but it is now believed in medical circles
that perhaps the PM2.5 fraction is the more harmful. A number of studies are
now taking place over the full size range (ANSTO - CSIRO)

The atmospheric particulate load over Sydney in 1982 (Williams et al, Roberts
et al) had a chemical composition comprising about 30% total carbon, much of
it in the form of sooty or micrographitic particulates from motor vehicles and
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probably with a disproportionately high contribution from diesel engines ( QUT
1997). The other major components were sulfates and nitrates deriving from
SOx and NOx emissions, as well as sodium chloride, presumably ocean derived.
Similar results, give or take sodium chloride, have been obtained in North
American cities. High levels of sulfates, rarely experienced in Australia, can give
rise to the ”acid rain” observed in the northern hemisphere.

Health Impacts and Proposed Standards

Both ozone and NO2 are noxious gases and proposed atmospheric exposure
limits for both are similar ( 0.1ppm and 0.125 ppm respectively are the NEPM
proposed limits for one hour exposure, NEPC 1997). In the atmosphere they are
readily interchangeable under the influence either of sunlight or fresh NOx
emissions. It is the sum of their concentrations which is more properly the
measure of smog produced, ”SP”, and much of the analysis in this Report is
based on this measure. While NO2 may not have quite the severe effects of
ozone on human health, its presence in the atmosphere allows ozone and
nitrate aerosols to be readily formed. For most Australian monitoring stations
and explicitly for ”AIRTRAK”, the CSIRO instrument invented to measure these
species and their rates of formation, both can be measured and their sum
determined.

Atmospheric particulates - carbons, sulfates, nitrates, inorganics and organics
- are possibly an even higher health hazard than smog and low limits on their
ambient concentrations are proposed. The Air NEPM discussion paper (NEPC
1997), details the nature and effects of the atmospheric pollutants discussed
above and proposes concentration levels for various periods of exposure based
on these effects. Similar standards have been proposed, or are in force,
elsewhere in the world.
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