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1. Introduction

Australia is currently considering new fine particle (particulate matter with aerodynamic diameters less than
2.5um, PM2.5) air pollution standards or goals for protection of public health. These will be quite stringent
compared with other PM2.5 standards around the globe. It is therefore important for environmental pollution
agencies to better understand and quantify sources of fine particle air pollution in urban environments. The
simultaneous application of PIXE, PIGE, RBS and PESA ion beam analysis (IBA) techniques is ideally suited to
producing multi-elemental fingerprints of such pollution and this has been reported extensively elsewhere [1-6].

Recently two methods have come to the fore for quantitative source apportionment or air pollution — the
Chemical Mass Balance (CMB) method and the most recent powerful Positive Matrix Factorisation (PMF)
method [8-10]. This paper discusses and compares data analysed by these two source receptor methods, at the
urban site of Mascot in Sydney during 2003 and 2004.

2. Sampling and Analysis Methods

To perform the comparison of these two source apportionment methods we have used the daily data obtained at
the Mascot site in Sydney over the period January 2003 to December 2004. Samples were collected on Teflon
filters over a 24 hour period from midnight to midnight every Sunday and Wednesday. Typically each filter
contained fine particles from 32m’ of sampled air. Fig. 1 shows the monthly average of the daily gravimetric
fine mass/m’ of air sampled over the 2 year study period. This monthly gravimetric mass varies between 5pug/m’
and 12pug/m’ which is equivalent to between 70pg and 170ug total particulate mass on each filter.
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Fig. 1. Average monthly fine mass at Mascot

this type of work, by assuming various elements occur in their oxide or common chemical forms, we are able to
obtain percentage reconstructed masses (Y%oRCM) varying between 80% and 120% of the measured gravimetric
mass [7]. The missing mass is usually nitrate compounds (not measured here ~5-10%) and water vapour
(depending on the humidity ~5-15%). Table 1 below shows the major component estimates of the PM2.5 fine
fraction for the Mascot site covering the period January 2003 to December 2004. Salt was assumed to be sea salt
and composed mainly of NaCl, soil was estimated from the oxides of Al, Si, Ti, Ca and Fe, the sulfate was
assumed to be fully neutralised and occurring as (NH4),SO,4 and organics were estimated from the H, C and O
content in the standard way [1,2,7]. As the table shows this gave good ‘mass closure’ with two year
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%RCM=(86+14)%. This is an excellent result for this type of work and makes for reliable, consistent source
fingerprinting and apportionment estimates as shown below.

PM, 5 Gravimetric Salt BC Soil Ammonium. Organics | %RCM
ng/m’ Mass (NaCl) (soot) Sulfate

Average 7.68+4.7 1.00£1.3 1.55£1.2 | 0.43+0.36 1.69+1.2 1.87+2.4 86+14
Median 6.35 0.70 1.19 0.27 1.42 1.27 86
Min. 1.56 0.00 0.18 0.06 0.33 0 -
Max. 32.85 8.81 6.89 2.02 6.09 13.46 -

Table 1. The average of all daily data for the Mascot site for PM2.5 fine particles for 2003-04 study period.

The numbers in Table 1 are good estimates of the fine particle composition but they do not provide much explicit
information on the actual source contributions to the measured fine particle mass. In order to achieve this we
need to apply Chemical Mass Balance of Positive Matrix Factorisation methods to these IBA analyses.

3. Chemical Mass Balance (CMB) Method

The CMB method is a two step process, first you need to determine the elemental fingerprints then fit these
(using least squared fitting techniques) to the gravimetric mass. Generally Principal Component Analysis (PCA)
methods are used to identify elements that are associated within any given fingerprint. Then the gradient of the
correlation plots are used to estimate the fractional contributions of each element to a fingerprint. This has been
discussed in detail elsewhere [2,4-6].

Five generic fingerprints were needed to fit the Mascot data during 2003-04 using the US EPA CMB7 code [9].
These were Autos, Smoke, Soil, Sea spray and Industry and are shown in Figs 2(a) to (¢) below. The smoke
fingerprint did not occur for all months of the study period but was prevalent mainly during the cooler winter
months, during controlled bush burning periods or during actual bushfire episodes. The average percentage
contributions for 2003-04 at the Mascot (Sydney site) were, 36£20%, 3+12%, 4+1%, 14+10% and 43+15% for
the Autos, Smoke, Soil, Sea spray and Industry fingerprints respectively. The CMB7 codes provide three
parameters as measures of the goodness of fit, namely, R?, y’and Mass%. R’ is similar to a correlation
coefficient and estimates how well the fingerprints used fit the measured gravimetric masses. R” between 0.8
and 1.0 are acceptable. x* generally lies between 0-2 for a good fit, 2-4 for an acceptable fit and >4 for a poor fit,
but this is a function of the input errors used.
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It estimates how well the calculated fingerprint
concentrations  fit the measured elemental
concentrations. The Mass% parameter represent the
percentage of the total mass that can be explained by
the least squares summing of the individual
fingerprints. Values of Mass% between 80-120% are
acceptable depending again on the sizes of the
measurement errors. For example, at Mascot the CMB
fingerprint estimates and their fits to the total mass
were  excellent with average R’=0.96+0.02,
%’=0.59+0.14 and Mass%=99+5% over the 2003-04
sampling period.
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4. Comparisons with Positive Matrix Factorisation Methods (PMF)

PMF is a one step process it does not require predetermined fingerprints.

These are estimated automatically

from the input data together with their contribution estimates [10,11]. The user provides the number of required
sources (or factors), a matrix of the elemental concentrations, the measurement errors and the minimum
detection limits for each element and measurement on each day. Generally PMF produces 2 to 3 more primary
source fingerprints than required by CMB methods. For example PMF analysis of the same data as used in the
CMB calculations above on Mascot data for 2003-04 produced optimal fits for 7 individual source fingerprints.
These were, as expected very similar to the ones used in the CMB calculations, however, the Sea spray
fingerprint slit into two fingerprints both with high Na as the primary identifying element. The first sea spray

fingerprint had the expected Na to Cl

fractional ratios for sea salt while the
second had reduced Cl and high S
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environments. Interestingly, the PMF
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fingerprints, representing automobiles
with high Pb and Br and little organics
(petrol based) and automobiles with
high organics and sulfur and low Pb
and Br (diesel vehicles). This was a
good demonstration of the increased
power of PMF methods over CMB i
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plotted in Figs 3(a) to (d) as a solid
curve for the CMB data and a box and
whisker plot for the PMF data. The (+)
and the horizontal bars in the box PMF
data are the mean and median monthly
values respectively. The correlations
between the results of two methods are ol
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are faithfully reproduced by both
methods.

The CMB (solid curve) tends to follow the PMF median values (horizontal bars) better than the

average values (+) within each box. Unlike the CMB data the PMF results generally do not go to zero which for
a source like Autos at an urban site like Mascot, is a lot more logical. Also the PMF data generally over predict
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The PMF method generally produced
more factors (sources) with more elemental  Fig. 3. (2)-(d) CMB (solid) and PMF (boxes) source comparisons
detail in individual source fingerprints. PMF is a one step process and hence more efficient and less time
consuming than the CMB method. Both methods rely heavily on a good knowledge of all the errors (and MDLs)
contributing to the data set. Multi-elemental analytical IBA techniques like, PIXE, PIGE, PESA and RBS are
ideally suited to both these source fingerprinting and apportionment methods because they provide datasets with
excellent mass closure and can analyse hundreds of samples in a very short time, essential prerequisites.
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