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Introduction
The Intergovernmental Panel on Climate Change (IPCC) produced its first report in August 1990 on climate
effects related to increased greenhouse gases such as carbon dioxide in the atmosphere since pre-industrial
times. However, this report did not find clear evidence that the anthropogenic increase in greenhouse gases
had led to significant global climate change. Since 1990 there has been the first Earth Summit in Rio de
Janeiro in 1992, attended by many key politicians from nations around the world, a second IPCC report in 1995
summarising new research [1] and a second Earth Summit of politicians in New York in June 1997. The
second IPCC report [1] concluded that "there is now a discernible human influence on global climate change".
The current body of evidence is now compelling, both greenhouse gases and fine particle aerosols in the
atmosphere affect global warming. Anthropogenic fine particles influence climate change directly, by
scattering and absorbing radiation and indirectly by modifying cloud properties. The problem of global climate
change is now well and truly in the politicians court to try and tackle on a global scale.
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Fig. 1. Global atmospheric methane concentrations. Fig. 2. Global atmospheric CO2 concentrations.

Research shows[l] that the concentration of gases such as carbon dioxide and methane have been increasing
over many decades (see Figs. 1 and 2). Fig. 3 shows the mean adjusted global temperature from 1850 to the
present, it shows large fluctuations due to several phenomena, including fine particle effects from volcanic
action. It also demonstrates that the increase in greenhouse gases has not been matched by a similar increase in
average global temperatures over the past 100 years or so.

Gases such as carbon dioxide, methane, halocarbons and tropospheric ozone produce positive climate forcing of
about 2 to 3 W/m2, whereas atmospheric aerosols from the combustion of fossil fuels and biomass burning,
together with stratospheric ozone produce negative climate forcing of a few W/m2. This effect may, to some
extent, explain the major differences between global temperature changes and model predictions of global
temperature change using only greenhouse gas effects [1]. Australia plays a key role in this area, it is currently
the second largest producer of carbon dioxide gas per capita (see Table 1).
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Fig. 3. Global temperature change since 1850 [1].

Country

USA
Australia
Japan
European Union
New Zealand
Mexico
China
Brazil
Indonesia
India

CO2

Emissions
(Mtonnes)

4,935
266

1,080
2,812

24
325

2,421
202
155
675

CO2

Emissions
per capita
(tonnes)

19
16
8.6
8.0
6.7
3.5
2.0
1.2
0.8
0.7

Table 1. Major global carbon dioxide emitters.
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Furthermore, it performs world class global climate research at its key Global Baseline Station in Tasmania,
providing vital information for the southern hemisphere. Parameters associated with global atmospheric
aerosols are not well known and unlike greenhouse gas concentrations have a low to very low confidence
interval defining them. This puts large uncertainties into the understanding of climate forcing and into model
temperature change predictions.

Fine Particle Baseline Sampling at Cape Grim
The Australia Global Baseline monitoring station at Cape Grim in north western Tasmania is operated by the
Australian Bureau of Meteorology. The fine particle Lead Scientist at this station is Dr. John Gras from CSIRO
Atmospheric Research, Melbourne. ANSTO has been sampling, measuring and characterising fine particles of

Cape Grim Mass PM2.5
Species
PM2.5
Mass (,ug/m3)
Ammonium Sulphate
Organics (ug/m3)
Elemental carbon
Soil (ng/m3)
Seasalt (ug/m3)
Sulphur (ng/m3)
nss-Sulphate (ug/m3)
Non soil K (ng/m3)
Iron (ng/m3)
Zn (ng/m3)
Pb (ng/m3)

Average
1992-97
6.1±3.4
0.96±0.6
0.61±0.9
0.34±0.2
0.15±0.2
2.5±2.2
0.23±0.1
0.45±0.2

35±22
5±8

1.6±3
3±28

Max.
1992-97

28
5.9
10.7
1.9
2.9
10.8
1.4

0.90
181
52
36
542

Table 2. Average PM2.5 concentrations at the
Cape Grim site from July 1992 to June 1997.
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Fig. 4. Average monthly fine particle mass concentrations

2.5 um diameters and less (PM2.5) at Cape Grim since the middle of 1992. Accelerator based ion beam
analysis (BBA) techniques [2-4] have been used to identify over 25 different elemental species present in over
500 filters collected to date. The elements measured by PIXE, PIGME, ERDA and RBS include, H, C, N, O, F,
Na, Al, Si, P, S, Cl, K, Ca, Ti, V, Mn, Fe, Co, Ni, Cu, Zn, Br and Pb. Average measured concentrations of the
major components of the PM2.5 fraction are given in Table 2, of the measured elements not listed in the Table
the majority occurred at concentrations below 10 ng/m3. The average monthly mass variations over the 5 year
period from 1992 to 1997 are given in Fig. 4. The average non-soil potassium was 92% of the total potassium,
showing that the vast majority of fine potassium was associated with smoke from biomass burning. The highest
lead value of 542 ng/m3 occurred on 21 June 1992 and was associated with 337 ng/m3 of bromine which, after
correction for bromine in seasalt (Na was <20 ng/m3), was about the correct ratio to be associated with
combustion of leaded petrol in motor vehicles.

Cape Grim Sulphur PM2.5 Cape Grim nss-Sulphur PM2.5
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Fig. 5. Average monthly fine sulphur concentrations.
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Fig. 6. Average monthly fine sulphur concentrations,
after correction for sulphur in seasalt.

A plot for the measured sulphur concentrations is shown in Fig. 5. Sulphur at Cape Grim originates mainly
from seaspray and from anthropogenic sources such as fossil fuel burning. The sulphur content of seaspray is
generally well known [3,4] and considered to be about 8.4% of the sodium concentration. Since we measure
both sulphur and sodium we can calculate the non seasalt sulphur (nss-S), which is directly related to



anthropogenic sulphur. This is shown in Fig. 6. The average non-seasalt sulphur was (60±29) % of the total
sulphur measured at Cape Grim over the 5 year period July 1992 to June 1997. Both the total, Fig. 5, and the
anthropogenic sulphur, Fig. 6, show strong seasonal variations at Cape Grim, with summer sulphur being
higher than winter sulphur.

Cape Grim was picked as a Global Baseline Station because for a large fraction of the time strong winds blow
for days from the west and south westerly direction across thousands of miles of ocean. The air sampled from
this site at these times should therefore be representative of global air and not be too strongly influenced by
regional or local anthropogenic sources from continental Australia or the rest of Tasmania to the east.
However, we would also expect this global air to contain a high contribution of seasalt particles from the ocean.
Dry seasalt is over 90% sodium chloride [4]. Both these elements are well measured by our IBA techniques. A
plot of the measured sodium plus chlorine concentration against 2.54 times the sodium concentration is shown
in Fig. 7 for all Cape Grim data between July 1992 and June 1997. A plot of this type should be linear and
have a gradient of 1.0 if there is no chlorine loss and all the sodium is associated with chlorine in seasalt. The
correlation was good (R2=0.90) and the gradient of the least squares fit to the data of Fig. 7 was (0.97±0.11),
showing that at this site there is very little chlorine loss from the filters and that the majority of sodium was
associated with chlorine in seasalt. On average seasalt was (42±11)% of the fine particle mass at Cape Grim.
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Fig. 7. Plot of (Na+Cl) against 2.54Na for PM2.5.
Fig. 8. Plot of monthly percentage seasalt at Cape

Grim for fine particles.

The total sulphur measured at Cape Grim has a natural and an anthropogenic component. Sulphur in seaspray
is expected to occur in a relativity fixed ratio to sodium of (S/Na)=0.084 [3,4]. Whereas non seasalt sulphur
(nss-S) has anthropogenic origins in fossil fuel burning, mainly originating from non baseline sectors at Cape
Grim. In Fig. 9 we show total measured fine sulphur against sodium. The data falls into two clear groups as
shown by the open circles and the crosses. The open circles represent data where the (S/Na) ratio falls within
±25% of the expected value for seasalt. Whereas the crosses represent excess anthropogenic sulphur not
associated with seaspray. The linear fit to the circle data showed about (5O±3O) ng/m3 of sulphur always
present even in the absence of seaspray (Na=0). This corresponds to about (210±120) ng/m3 of ammonium
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Fig. 9. Sodium versus sulphur at Cape Grim.
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from major cities such as Melbourne, Adelaide on the
mainland and Launceston and Hobart in Tasmania.

This effect is well demonstrated by the plots of Figs.
10 and 11. Where we show 24 hour back trajectories,
using average hourly wind speed and directions at the
Cape Grim site. Fig. 10 is for the 28 November 1993
which had the highest sodium/ sulphur ratio for the
study period. The Baseline Sector is defined by 190°
to 280°, that is from south to just north of west.
Clearly the data for 28 November 1993 originated
from this sector and represents baseline air with a
high seasalt component and a low anthropogenic
sulphur component. Fig. 11 shows back trajectories



for a low sodium, high sulphur event on 29 September 1993. This represents data from the Continental Sector
280° to 90° and in particular the Urban Sector defined mainly by Melbourne, 330° to 30°. It is low in seasalt
sodium but high in anthropogenic sulphur.
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Fig. 10. 24 hour back trajectories for 28/11/93
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Fig. 11. 24 hour back trajectories for 29/9/93.

Back trajectory plots of the type shown in Figs. 10 and 11 are interesting because they demonstrate that fine
particles collected at Cape Grim come from hundreds of kilometres away. Indeed this is not unexpected as a
steady 20 km/ hr breeze for 24 hours would transport fine particles 480 kilometres, typical of the distances
shown in Figs. 10 and 11.

Summary
Climate change is currently seen as a most important international issue. Millions of people who live on atolls
and outcrops barely above sea level may be submerged by rising seas levels, Samoans maybe the first to feel
these effects. In Bangladesh seventeen percent of land may be lost and 6M people affected. The European
Union wants all developing countries to accept a legally binding 15% reduction in greenhouse emissions by
2010 (based on 1990 levels). This would affect Australian aluminium and coal exports considerably.

Of all the atmospheric pollutants, fine particles are the most evident because they affect visibility by changing
an otherwise deep blue sky. However, the uncertainty associated with our knowledge of fine atmospheric
particles and their role in global climate change is considerably greater than that related to greenhouse gases.
Effects in the southern hemisphere are quite different to the northern hemisphere. It is therefore important to
obtain data relevant to our own situation. Fine particle characterisation research is therefore very important.
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