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Abstract 

Aerosol particles in the size range less than 2.5 pm play an important role in pollution studies. 
They are small enough to lodge in lungs and cause health problems, they impair visibility and the public's 
perception of pollution and they are capable of being transported over large distances as they do not settle 
out readily. In this report we will describe the large area fine particle network consisting of 25 cyclone 
sampling units covering 80,000 square kilometres of the state of New South Wales in Australia. The 
network called ASP-Air Sampling Program - collects particles on 25 mm stretched Teflon filter papers which 
are ideal targets for accelerator based Ion Beam Analysis (IBA). We will discuss the four IBA techniques, 
PIXE, PIGME, PESA and RBS used simultaneously on the accelerator at ANSTO and present some of the 
early results of the Co-operative Research Program. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Sydney is situated 34°S, 151 °E on the eastern seaboard of the Australian 
coastline in the State of New South Wales. It is a coastal city with a moderate climate 
having a mean maximum summertime temperature of about 35° C and a mean minimum 
winter temperature of about 5°C. The population of the State of New South Wales is 
about 4 million people with more than 3 million people living within a 150 km radius of the 
city centre. Sydney has the Pacific Ocean to the east with warm water temperatures, 
15°C- 22°C, and is surrounded by national parks and large areas of bushland on all other 
sides. However, 100 km to the north and 75 km to the south are the major industrial cities 
of Newcastle and Wollongong respectively. Newcastle is one of the significant coal 
exporting cities in Australia, the area accounts for about 60% of the total black coal 
reserves in the State of New South Wales. These two cities are major industrial centres 
with industries such as iron and aluminium smelting, sulphuric acid plants, lead and zinc 
production and fertiliser works. The six major coal-fired power stations that supply the 
city of Sydney with power are also close to these major industrial centres being located 
in a band 50 - 200 km from the Sydney city centre, but predominantly to the north and 
west of Sydney. A range of mountains known as the Great Dividing Range runs parallel 
to and about 50 - 100 km from the coast, actually intersecting the coast in the 
Wollongong area. Three major river systems intersecting Sydney mean that a large 
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Figure 1. Location map of the 24 ASP fine particle aerosol samplers within 200 km of 
the city of Sydney. The coal fired power stations serving the Sydney area are also 

shown. 



Table I. THE CATEGORY CLASSIFICATION FOR EACH OF THE 24 SITES SHOWN IN 
THE ASP NETWORK OF FIGURE 1. 

Type 

Rural 

Rural/ 
Urban 

Rural/ 
industrial 

Location 

Putty 
Oberon 
Crookwell 

Mudgee 
Wilton 

Badgerys 
Creek 
Moss Vale 

Richmond 
Muswell-
brook 
Cullen 
Bullen 
Doyalson 
Tomago 
Campbell-
town 

Site 
Number 

16 
13 
20 
15 
14 

21 
19 

18 
4 
22 
24 
11 
6 

Type 

Urban/ 
Non-
industrial 

Urban/ 
Industrial 

Urban/ 
Heavy 
industrial 

Location 

Blackheath 
Albion Park 
Lucas 
Heights 
Macquarie 
Univeristy 

Bellamnbi 
Rozelle 
Purmont 
Lidcombe 

Mayfield 

Warrawong 
Mascot 

Site 
Number 

12 
7 
1 

17 

9 
3 
2 

5 

10 
8 

23 

fraction of the population of Sydney lives in major pretty basin areas bounded by the 
mountains and the ocean. This makes our topology similar in some ways to the Los 
Angeles basin with the potential to trap pollution in still weather conditions. This together 
with our large amounts of sunshine, large use of unleaded cars and industry to north and 
south, gives us a few high days per year of poor visibility, photochemical smog, ozone, 
SOX and NOX episodes. 

The NSW Environmental Protection Authority (EPA) has been regularly monitoring 
gaseous emissions, SOX, NOX and ozone and PM-10 particulates with some nephelometer 
studies as well as operating sampling sites at 8 inner Sydney city locations for many years. 
The EPA also requires industry to perform its own monitoring in Wollongong, Sydney and 
Newcastle. No large scale fine particle (< 2.5 jum) studies have been carried out in the 
region during the past 10 years. 
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In 1991 ANSTO established a collaboration wi th the NSW EPA; the Pacific Power 

Company which supplies coal-fire power to Sydney/Wollongong/Newcastle; and the 

Universities of New South Wales and Macquarie in Sydney, and obtained 3-year funding 

from the Energy Research & Development Corporation (ERDC) to sample particulates from 

coal combustion using 25 cyclone samplers placed in a network covering the major 

pollution areas of Sydney/Wollongong/Newcastle. The siting of the sampling units is 

shown in Figure 1 . The major Sydney basins are bounded by the coast and the ASP sites 

at Lucas Heights (1), Campbelltown (6), Badgerys Creek (21), Richmond (18) and 

Macquarie University (17). Only 24 ASP sites are shown on this map, the 25th site is at 

Cape Grim in Northwest Tasmania (the island to the south of the Australian mainland), 

which is considered as one of the major global baseline stations, we are measuring low 

level fine particles there as part of a Global Climate Study. The 24 sites selected in New 

South Wales include, at one extreme, the most urbanised and industrialised sites in eastern 

Australia and at the other, rural sites adjoining large areas of national parks and virgin 

bushland. The network has been divided into 6 categories (shown in Table I) and the mean 

particulate levels and elemental concentrations from the sites listed will be used to 

compare the pollution level from each of these categories. 

The cyclone sampler at each site has a 2.5 //m cut off and runs for 24 hours every 

Sunday and Wednesday using one Giliman 25 mm diameter stretched Teflon filter paper 

for each day. A Thompson diagram pump pulls 22 l/min through the cyclone to produce 

the 2.5 //m cut off giving a total volume in 24 hours of around 32 m3/ filter. The cyclone 

head has positions for four 25 mm filters but only two (Sunday, Wednesday) are currently 

being used and these are changed once a week every Monday. 

The unit (shown in Figure 2) contains vacuum and magnehelic gauges to measure 

the pressure drop across the cyclone for f low rate calibrations as well as a 7 day 

programmable clock to turn the pump off and on. The f low rate is calibrated using a 

variable critical orifice. Parts of the network have been operational since 1 July 1991 and 

we are now collecting 250 Teflon filter papers/month for analysis at ANSTO . 

The information obtained from the large scale fine particle network shown in Figure 

1 has much wider ramifications than just looking at fuel combustion products and sources 

associated with power stations, as the unique accelerator based ion beam analysis 

techniques provided by ANSTO enable us to quantify and source the many different 

contributions to the particulate soup in which we currently live. This has far reaching 

implications in such environmentally sensitive areas as: 

• community health (fine particle inhalation/ asthma, etc.); 

• air pollution regulation and management (Governments and industry); 

• particulate contributions to poor visibility; 

• long range transport of industrial particulates (beyond state borders); 

• soil erosion and fine soil transport; 

• global climate weather changes; and 

• sustainable urban development and planning. 
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Figure 2. An ASP Cyclone Sampling Unit. Air is pulled through the stack into the 

cyclone by the pump at 22 L/min for 24 hours. The magnehelic and vacuum gauges 

are used to monitor this flow rate. The 7 day timer turns the pump on, on Sundays 

and Wednesdays. 

The objectives of our part of this Co-operative Research Program are: 

(a) To study the quantity and composition of these fine particles over several 

summer/winter cycles in both urban and rural environments; 

(b) t o apportion contributions of various sources of fine particles such as combustion 

processes, industrial stacks and motor vehicles; and 

(c) to try and correlate some of the fine source components with health effects such 

as asthma. 

The health effects of smog are particularly important to Australians, as they have 

the highest incidence/ capita of asthma in the world. 

The ASP Project is currently collaborating wi th Prof. Tom Cahill, University of 

California, Davis, USA and through him with 11 other countries including Egypt, Finland, 

Canada and Japan. The program at Davis is also closely linked with the United Nations 

World Meteorological Organisation (WMO) and its Global Atmospheric Watch (GAW) 

program. The Australian ASP program has been invited to assist these projects especially 

as we have one of our fine particle sampling units currently operating at Cape Grim, a 

world baseline station. 
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We are also collaborating closely with 4 of the other 6 Australian States namely 
South Australia, Victoria, Queensland and Western Australia, in trying to establish a truly 
national Australian fine particle aerosol network. This could have significant implications 
in major international global aerosol programs such as those run by the United Nations 
since Australia is clearly a large southern hemisphere landmass and hence critical for data 
input from southern hemisphere regions. 

2. METHODS 

At ANSTO we have several particle accelerators including an 8MV Tandem and a 
3MV Van de Graaff accelerator, as well as two research reactors. This provides us with 
a variety of nuclear techniques for analysis of Teflon filter papers obtained from the 
network. To date we have used mainly ion beam analysis techniques based on the 3MV 
Van de Graaff accelerator together with about 10% of samples being analyzed by neutron 
activation analysis (NAA) for about 12 elements in the larger of our two research reactors 
and some ion chromatography (IC) for sulphate, chloride and fluoride ions as part of our 
quality assurance program. 

The accelerator based IBA techniques used at ANSTO are discussed below: 

2.1 Particle Induced X-ray Emission (PIXE) 

Particle Induced X-ray Emission or PIXE became popular in the mid 1970's following 
an excellent review on analytical applications of PIXE by Johansson and Johansson [1]. 
The technique has been adequately reviewed over the years [2-4] and will not be treated 
again here. It suffices to say that PIXE provides the bulk of the analytical information since 
it is applicable to elements from aluminium to uranium. The X-ray spectra are especially 
free from background emission as shown in Figure 3 and this allows lower detection limits 
typically less than 10 ngm'3 of air for input proton energies of between 2 and 3 MeV. 
Typical proton beam currents are less than 1 nA/mm2 for beam diameters of around 8 mm. 
Thin standard Micromatter foils of Al, Si, CI, Ca, Fe and Sr are used to calibrate the PIXE 
detection system from 1.4 keV to 20 keV. Over the past 18 months the calibration has 
been reproducible to better than ± 3 % . 

2.2 Particle Induced Gamma Ray Emission {PIGME) 

Particle Induced Gamma Ray Emission or PIGME is produced when the input ion or 
in our case proton interacts with the target nucleus producing high energy photons or 
gamma rays. These gamma rays are characteristic of the target nucleus struck and their 
number is proportional to the amount of this target isotope present in the target. We use 
PIGME to measure sodium and fluorine only. It has higher minimum detectable limits than 
PIXE being typical around 150 ngm'3 of air for sodium and 60 ngm"3 for fluorine for a few 
minutes of beam time using 2 - 3 MeV protons. A typical PIGME spectrum is shown in 
Figure 4 . Standard thin Micromatter foils of calcium and strontium fluoride, and sodium 
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Figure 3. A typical PIXE spectra for Mascot - ASP23, a heavy industrial site, and 

Oberon ASP13, a rural site, taken on the same day, 24 June 1992. The solid curve is 

the PIXAN fi t to the data (the dashed curve). 
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Figure 4 . A typical PIGME spectrum for Cape Grim - ASP25, a seaside location 

showing the Na 440 keV gamma ray peak and the 197 keV and 6.129 MeV F gamma 

rays from Teflon. 
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Figure 5 . Comparison of typical PESA spectra for a heavy industrial site - Mascot 

ASP23 and for Cape Grim ASP25 taken the same day, 24 June 1992. These spectra 

were accumulated simultaneously with the PIXE spectra of Figure 3. 
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Figure 6. A typical proton RBS spectrum for a thin stretched Teflon filter paper. The C, 

O and F peaks are clearly seen. The N peak is small and lies between the C and O 

peaks. 

chloride are used to calibrate the PIGME system for these elements. The PIGME technique 
is run simultaneously with the PIXE technique on the same sample although count rates 
into the PIGME spectra a somewhat lower than into the PIXE spectrum since PIGME is a 
nuclear reaction while PIXE is an atomic one. 

2.3 Particle Elastic Scattering (PESA) 

Hydrogen is a difficult species to measure accurately; in our system we acquire 
total hydrogen measurements on the filter using the proton elastic scattering (PESA) or 
forward scattering technique [5,6] at 30 degs The spectrum signature from hydrogen being 
the lightest element is well separated from the heavier elements as shown in Figure 5 and 
enables use obtain minimum detection limits around 15 ngm'3 for a typical 3 /JC run. A 
standard thin 6 //m for hydrogen analysis. The PESA technique can clearly only be used 
with a thin filter paper target where the ion only losses a small fraction of its total input 
energy. 

2.4 Rutherford Backscattering (RBS) 

Rutherford Backscattering is similar in nature to PESA, except the detection is in 
the backward direction. In our case we use a reaction angle of 169 degs to detect total 
carbon, nitrogen and oxygen on the filter. Standard thin Mylar and Kapton foils are used 
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Figure 7. (a) Comparison of ASP sulphur levels as measured by PIXE with the S042-
ion level as measured by ion chromatography {IC). (b) Comparison of ASP chlorine 

levels as measured by PIXE with CI" ion level as measured by IC. The blank filter 
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Figure 8. A comparison of PIXE analysis and NAA analysis on the same 100 filter 
papers for up to 15 different elements. 

to calibrate the detection yields, since the reaction cross sections for these light elements 
are non - Rutherford. Detection limits for nitrogen and oxygen are around 200 ngm"3 for 
typical 3 //C run while minimum detection limits for carbon are much higher at around 500 
ngm"3 since we have to subtract the effects of carbon in the Teflon filter itself. A typical 
RBS spectrum for a3jt/C run on a thin stretched Teflon filter paper is shown in Figure 6. 

3. RESULTS 

All 25 ASP cyclone sampling units in the network have now been operational since 
1 March 1992. The collection efficiency for more than 3000 samples from the network 
in the first year was greater than 96%.The network currently produces 250 Teflon filter 
papers/month which are analyzed for H, C, N, O, F, Na, Al, Si, P, S, CI, K, Ca, Ti, V, Cr, 
Mn, Fe, Co, Ni, Cu, Zn, Br, and Pb using IBA techniques. The PIXAN package developed 
at ANSTO [7] is used to analyze the PIXE spectra using the site supercomputer. Fits similar 
to the solid line shown in Figure 3 are typical. In-house spectrum fitting routines have been 
written to analyze the PIGME, PESA and RBS data obtained simultaneously with the PIXE 
data. Typically we run 2.6 MeV protons for 3 to 5 mins using a 10 nA, 8 mm diameter 
beam and the solid angles for each of the 4 detection channels are adjusted so that the 
count rates produce roughly similar deadtimes in the PC data acquisition system. 

The results from the IBA analysis have been compared with ion chromatography (IC) 
on 50 samples and several different chemical species and with neutron activation analysis 
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analysis I N A A J on I U U samples ana I D eiemenis. ine results are aispiayea in rigures / 
and 8, respectively, and where the techniques do not reach their lower detection limits 
they all show satisfactory agreement with the IBA methods. 

4 . PLANS FOR FUTURE WORK 

We plan to run the ASP network until at least the end of 1993. Should ' i r:ther 
funding become available, a!! 25 sites will continue to operate longer. We are currently 
building a sampling unit to measure fine aerosol nitrates in collaboration with Prof. Tom 
Cahill of University of California at Davis (USA). The design of this unit is based on the 
USA IMPROVE sampler using 47 mm diameter Nylasorb nylon filters and a stack denuder 
placed into the stack shown in Figure 2. Flow rates through the cyclone and hence the 2.5 
/vm cutoff are similar to our existing system. 

In February we received a Gent stacked filter unit (SFU) from Dr. Willy Maenhaut 
in Belgium as part of the CRP with the IAEA. The unit is being set up to run 47 mm 
diameter Nuclepore polycarbonate filters for course 8 //m and fine 0.4 JJM diameter 
particles. We hope to site this unit together with the UCD nitrate unit alongside one of our 
existing ASP units at a site where the NSW EPA are also operating several other 
instruments like High Volume PM-10 samplers and nephelometers. 

We are also currently seeking funding from the National Health and Medical 
Research Council to support a program of research into studies on the classification of 
submicron particles and their impact on asthma problems. This project is being run in 
collaboration with Queensland University of Technology in Brisbane, Queensland. 

REFERENCES 

[11 JOHANSSON, S.A.E., JOHANSSON, T.B., PIXE and its applications, Nucl. Instr. 
and Methods 137 (1976) 473. 

[2] JOHANSSON, S.A.E., CAMPBELL, J.L., A Novel Technique for Elemental Analysis, 
Wiley, New York (1988). 

[3] COHEN, D.D., CLAYTON, E.J., "PIXE" In: Ion Beams for Materials Analysis, 
Chapter 5 (BIRD, J.R., WILLIAMS, J.S., Eds) Academic Press, New York (1989). 

[4] MAENHAUT W., Control and Fate of Atmospheric Trace Metals, (PACYNA, J.M., 

OTTAR, B., Eds) Academic Press, NY, (1989) 
[5] COHEN, D.D., "PIXE", In: Ion Beam Analysis Techniques in Aerosol Analysis, Clean 

Air 26 (1992) 113. 
[6] KUSKO, B., CAHILL, T.A., ELDRED, R.A., Non-destructive light element analysis 

by forward ion scattering techniques, Proc. of 81st Annual Meeting of Air Pollution 
Control Association, Dallas, Texas, 19-24 June 1988. 

[7] CLAYTON, E.J., PIXAN Package, ANSTO, AAEC/M113, Sydney, Australia, 

November, 1986. 

45 


