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Introduction
Accelerator based ion beam analysis (TBA) techniques, including PIXE, PIGME, RBS and PESA, have been
used to analyse elemental compositions of airborne particles covering a 60,000 square kilometre area of
Wollongong, Sydney and Newcastle, see Fig. 1 at the end, for sampling site locations. These IBA techniques
provide elemental concentrations for over 20 different elements from hydrogen to lead, they include H, C, N, O,
F, Na, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Cu, Ni, Zn, Br and Pb. The four ion beam techniques are
performed simultaneously on the 3MV Van de Graaff accelerator at ANSTO and have been described in detail
elsewhere[ 1,2]. They are sufficiently sensitive to analyse for many of these elements to levels around 10ng/m3

or less in about five minutes of accelerator running time per filter. This is more than adequate for aerosol
analyses as most filters contain around ISO ug/cm2 of material which corresponds to about 10ug/m3 of fine
particles in the atmosphere. For this work fine particles are those with diameters less than 2.5um (PM2.5).

Fine particle data (PM2.5) has been collected twice a week and analysed for each of the above elements by
ANSTO since 1991 at more than 25 different sites throughout NSW[3,4]. This large dataset set allows us to not
only determine the composition of fine particles and to look for signature elements for particular sources but
also to use multivariate statistics to define elemental source fingerprints and then to determine the percentage
contributions of these fingerprints to the total fine particle mass in the atmosphere. This paper describes the
application of these techniques to the study of domestic wood fires and vegetation burning in NSW over a two
year period from 1992-93. It also presents, for the first time, fine particle data related to the January 1994
bushfires in NSW.

Fine Particle Smoke Signatures
The fine particle sampling and IBA analysis techniques are able to follow the effects of both short term events (a few
days) such as bushfires and control burning, and longer term events (3 months) such as domestic wood burning, on the
fine particle levels in the atmosphere.

The total fine potassium concentration is an excellent
signature for smoke from wood and vegetation burning,
even though, at its peak, this may still be less than 1% of
the total fine particle mass measured. This is well
demonstrated by the data shown in Fig. 2 which shows
the daily total fine potassium concentration (in ng/m3)
for the months of July to September 1992 at the rural
Wilton site (ASP14) south west of Sydney. Each bar
represents a 24 hour sample. These were taken twice a
week, every Sunday and Wednesday. On Sunday 23
August 1992 this site was affected by smoke from a
bushfire 20 km west of Wilton. Wind data showed that
the wind was blowing from the south west to north west
quadrant for 100% of the time during this 24 hour
period, and that 54% of the time it was blowing directly
from the west
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Fig. 2. Total fine potassium concentrations for Wilton
(ASP14), a rural site, for July, to September 1992.

The average fine potassium level for the three month period July to September, at Wilton, was (38±21) ng/m3, but on
the 23 August this daily value rose to 206 ng/m3 a strong indicator of the fire to the west of this site. Experience over
several years indicates that the fine potassium levels increase markedly by factors of between 3 and 10 in the presence
of vegetation burning. Fig. 2 also shows that the effects of this particular local bushfire, which was extinguished
quickly, were not long lived as the next 24 hour sample obtained three days later on 26 August 1995 showed levels
well down on those measured during the peak of the fire. As the Aerosol Sampling Program (ASP) database covers
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the years 1992 to 1993 it is possible to look at differences between the average monthly values for fine potassium for
summer and winter seasons. Figures produced by the NSW EPA show that there are around half a million homes in
NSW burning about 3 tonnes/ year of wood, mainly in the winter months. For smoke values, derived from fine
potassium concentrations, during the summer months of 1992 and 1993, across all 25 ASP sites, a mean value of
(18±12) ng/m3 was obtained compared with the corresponding winter value of (35±18) ng/m3.

In particular, the sites at Rozelle (ASP3), Macquarie
University (ASP17), Richmond (ASP18) and Cullen
Bullen (ASP22) stand out as having increased winter
smoke levels, showing increases of between 3 and 6
times for winter to summer values. This is shown in
Table 1 where the monthly average summer and winter
smoke values for these sites are compared. The monthly
summer smoke values were consistent with the total
network average summer value of (18±12) ng/m3,
however, these winter values were well above the
network average winter value of (35±18) ng/m3.
Fine particle potassium was by far the best indicator
vegetation-burning days to vegetation-burning days.

Site
Sec Fig. 1
Rozelle
Macquarie Uni
Richmond
Cullen Bullen

Summer
(ne/m*)

17±6
16±2
14±2
8±3

Winter
(ng/m3)
50±20
61±14
65±14
53±8

Ratio

2.9
3.9
4.6
6.2

Table 1. Comparison of the 1992-93 summer and winter
average monthly smoke values for several sites.

for smoke, varying by orders of magnitude from non

Fine Particle Smoke Fingerprint
In order to obtain a chemical fingerprint of a given fine particle source, two things must be determined: firstly
which elements characterise that fingerprint and secondly the relative proportions of each of those elements
which provide the signature for that fingerprint at a sampling site. These fingerprints or profiles can then be
used in Chemical Mass Balance (CMB) programs[5] to determine the relative contributions of each of these
fingerprints to the total ambient particle mass. The multivariate analysis method of Principal Component
Analysis (PCA) followed by varimax orthogonal rotation has been employed to determine the appropriate
elements for each chemical fingerprint [6].
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Fig. 3. The fine particle fingerprint for smoke from
vegetation burning in NSW.

Having determined the appropriate elements,
particular events (such as favourable wind
information) and sites were then selected which
optimised the source receptor parameters being
considered. The measured ambient relative elemental
concentrations together with these parameters were
then used to estimate each individual fingerprint or
profile for use throughout the network. The 6 primary
fine particle fingerprints thus derived were: motor
vehicles, coal combustion, industry on high sulphur
days, smoke, soil, and seaspray since their elemental
make up identified them as the major contributors to
these fingerprints. The relative elemental
concentrations for each fingerprint are discussed in
detail elsewhere [2]. In Fig. 3 we show the source
fingerprint for smoke only.
The principal components analysis on the data from these sites selected the following 7 key elements (factor
loadings >0.81) as being strongly associated with the smoke factor H, P, Cl, K, Ca, Mn and elemental carbon
(EC). Applying the smoke fingerprint of Fig. 2 together with all the other five fingerprints for fine particle
sources it is possible, using Chemical Mass Balance (CMB) methods[5], to calculate the contribution of each of
these individual fingerprints to the total fine particle mass. The average monthly smoke fingerprint
contributions, across all network sites, for the years 1992-93 are shown in Fig. 4. This figure shows strong
seasonal variations of fine particle smoke concentrations in NSW. The two year average of (0.92±0.8) ug/m3
for the smoke fingerprint was around 12% of the average total fine particle mass for the same period. The
presence of smoke is strongly related to domestic fires and controlled burning in the winter months.

During the first two weeks of January 1994 NSW experienced some of the worst bushfires in memory. There
were over 150 fires extending along 1000 km of the NSW coastline, destroying 185 homes, killing 4 people and
burning more than 600,00 hectares. The location of some of these fires across the ASP network is shown in
Fig.l. During these fires the fine particle concentrations rose dramatically. This is shown in Fig. 5 where the
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total mass at selected sites in Fig. 1 is plotted for the month of January 1994. Fine particle levels rose to over
70ug/m3, well above the yearly averages for Wollongong, Sydney and Newcastle of 10-15ug/m3. The peak of
the smoke from these fires occurred around 9 January at these sites but levels did not return to normal till after
the 16 January 1994.
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Fig. 4. Average monthly smoke contributions across
the ASP network during 1992-93. Fig. 5. Total fine particle mass at selected sites during

the January 1994 bushfires in NSW.
Conclusions
IB A methods are ideally suited to the analysis of fine particle composition. Furthermore the wealth of elemental
information provided by these techniques allows statistical methods like principal components analysis to be
used to obtain source fingerprints and finally to use standard Chemical Mass Balance methods to calculate the
relative contributions of these fingerprints to the total fine mass concentration. This paper has demonstrated
these methods for smoke from vegetation burning in and around the Sydney region and showed that smoke
from domestic fires is significant during the winter months and that during major bushfires the fine particle
concentrations can increase by an order of magnitude for several weeks.

Acknowledgments
We wish to acknowledge financial support
from ERDC and the NSW Environmental
Trust during some phases of this work.

References
[1) D. D. Cohen, Nucl. Instrum. and Methods,
B79(1993)385-388.
(2] D. D. Cohen, G.M. Bailey and R.
Kondepudi, Proceedings of 7th Int. Conf. on
PDCE and Its Analytical Applications, 27-31
May 1995, Padua, Italy, to be published in
Nucl. Instrum. and Methods 1996.
[3] D.D. Cohen et al "Composition and
distribution of fine particles in the Sydney
region". Proceedings of Air Toxics
Conference, NSW, Australia, 10-11 August
1994, Vol II, pages 125-140.
[4] D.D. Cohen. J. Martin, G.M. Bailey, P.
Crisp. Clean Air, 27(1993)63-71.
[5] J.G. Watson et al Receptor model technical
series, Vol III, CBM7 user's manual, USEPA
Report EPA-450/4-90-004, January 1990.
(6] P.K Hopke "Receptor Modelling for Air
Quality Management", Elsevier Science,
Amsterdam 1991.

Fig. 1. ASP site location map, showing location of each
of the network samplers and the bushfire locations.
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