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ABSTRACT

Simultaneous PM;( measurements were made in the woodsmoke-prone
city of Launceston, Tasmania, using two high volume air samplers, a
Tapered Element Oscillating Microbalance, and a TSI Model 8520
DustTrak particle counter. Predictive least squares regression
relationships were developed, relating particle counter measurements to
TEOM and high volume air sampler measurements. The strongest
relationships occurred during winter when the particle source was
woodsmoke. Weak relationships were observed for non-woodsmoke

particle emissions, such as those occurring in summertime.

The addition of a retro-fitted heated inlet system to the particle counter
was found to weaken the relationships characterising non-woodsmoke
conditions to such an extent that they were unusable. Results showed that
the significant difference in the particle counter response to woodsmoke
and non-woodsmoke particles makes this instrument ideal for
measurements in woodsmoke-prone areas, and as an aid to validating

TEOM measurements.



GLOSSARY

BTEX

CSIRO Correction

DEH

DPIWE

DPIWE 2002 Correction

GRUB Site

HVAS

NEPC

NEPM

PM;

PM; s

Benzene, toluene, ethylbenzene and xylene.

A national scheme based on daily mean temperatures,
for adjusting TEOM concentrations in areas

experiencing significant contribution from volatiles.

Department of the Environment and Heritage

(Commonwealth Government)

Department of Primary Industries Water and

Environment, Tasmania.

An un-reviewed TEOM correction scheme, currently
under development by DPIWE, based on Launceston

measurements.

An air pollution monitoring site that has been designated
as being Generally Representative of Upper Bound

concentrations.

High Volume Air Sampler, known colloquially as a “hi

vol”.

National Environment Protection Council, consisting of
Commonwealth and State/Territory Government

environment Ministers.

National Environment Protection Measure, a type of

regulatory instrument ratified by the NEPC.

Suspended particulate matter with an equivalent

aerodynamic diameter of less than 1 pm.

Suspended particulate matter with an equivalent

aerodynamic diameter of less than 2.5 pm.
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PM;

PRC

STP

TEOM

TSP

Suspended particulate matter with an equivalent

aerodynamic diameter of less than 10 pm.

Peer Review Committee, established to assist NEPC in
its assessment and reporting on the implementation and

effectiveness of the Ambient Air NEPM.

Standard Temperature and Pressure

(0 °C and 101.3 kPa).
Tapered Element Oscillating Microbalance.

Total Suspended Particulates.
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1 INTRODUCTION

Particle counters are small hand held, battery powered, laser photometers that measure
airborne particle concentrations. Their accuracy, ease of use, portability and
relatively low cost, have led to their wide adoption for both indoor and ambient
particle monitoring applications. As a result, the use of these devices to determine
spatial and temporal variations in PM( concentrations is becoming more common,

particularly in woodsmoke-prone areas.

In March 2003, CSIRO Atmospheric Research commenced a personal exposure
monitoring project in Launceston to determine residents’ exposure to woodsmoke-
related air toxics. This project, sponsored by the Australian Department of the
Environment and Heritage (DEH), used passive samplers to determine personal

exposure to benzene, toluene, ethyl benzene and xylene (BTEX).

DPIWE Environment Division supported this study with PM,, measurements
conducted at its Ti Tree Bend air monitoring station. In addition, the DEH funded the
purchase of three TSI Model 8520 DustTrak™ particle counters: one was
permanently installed at Ti Tree Bend for comparison against the existing PMo
measurement systems, and the other two were used by CSIRO for indoor aerosol

measurements.

CSIRO submitted its draft final report in September 2003 (Galbally et. al., 2003).
This DPIWE report complements the CSIRO report and presents and analyses particle

measurements at Ti Tree Bend since the commencement of the measurement program

up until March 2004.



2 OBJECTIVES

The major objectives for this study were to:

assess the comparability of particle measurements obtained with particle counters

against ambient PM( concentrations as measured by TEOMs (Tapered Element

Oscillating Microbalance) for a variety of:

— averaging periods (10 minutes, one hour and 24 hours); and

— TEOM adjustment relationships (raw data, CSIRO correction and DPIWE
2002 correction);

assess the comparability of particle measurements obtained with particle counters

against ambient PM, concentrations as measured by high volume air samplers

(HVAS) over a 24 hour averaging period;

assess the response of the particle counter under varying seasonal particle loadings

and source types; and

assess the utility of a retro-fitted heated inlet system to the particle counter.



3 PROJECT DESIGN

3.1 LOCATION

DPIWE has monitored PM, concentrations at its Ti Tree Bend air monitoring station
since 1991. The site is located approximately 3 km to the northwest of Launceston, in
the grounds of the Ti Tree Bend Sewage Treatment Plant. The equipment used to
measure PM;, concentrations is located within a large grassy area and meets the
requirements of the Australian Standard for the siting of monitoring equipment,

AS 2922—1987.

The site is a designated GRUB site (Generally Representative of Upper Bound
concentrations). PM;( concentrations measured at this site are considered to be
representative of the broader Launceston area. There are no significant aerosol
sources near the site, with the exception of a gravel road within the Sewage Treatment
Plant grounds, approximately 30 m to the west of the site. On rare occasions Sewage
Treatment Plant operations have resulted in the generation of large amounts of
airborne road dust, which have been recorded by the PM;¢ monitoring equipment.
Whenever this occurs, all aerosol measurements are rejected, as part of DPIWE’s data

validation process.
3.2 INSTRUMENTATION

3.2.1 High Volume Air Samplers

A pair of co-located high volume air samplers (HVAS) is located at the Ti Tree Bend
site as part of the DPIWE air monitoring program. These operate by drawing large
volumes of ambient air through pre-conditioned and pre-weighed filters, over a
24-hour period. Once sampling is completed, the filters are removed from the
instruments and reweighed, thus allowing the determination of a single 24-hour mean
PM concentration. The mean temperature and pressure experienced throughout the
measurement interval is used to relate the concentration to the standard temperature

and pressure (STP) conditions of 0°C and 101.3 kPa, respectively. Each sampler is



operated on alternate days, providing a continuous stream of daily PM

measurements.

HVAS have been used for PM,y measurements throughout Australia for many years,
with the first HVAS PM,y measurements at Ti Tree Bend occurring in 1992. As such,
many jurisdictions possess extensive HVAS PM datasets. For this reason the
Ambient Air NEPM (Office of Legislative Drafting, 2003, Schedule 3, p. 14)
designates the HVAS as one of two Australian Standard Methods for monitoring

particles as PM¢ (the other method is the use dichotomous samplers).

3.2.2 TEOM

A TEOM was installed next to the two HVAS at Ti Tree Bend in March 2002. This
instrument collects raw mass concentrations in accordance with Australian Standard
AS 3580.9.8 — 2001, in micrograms per cubic meter (pug/m’), as referenced to STP.
As well as displaying instantaneous PM( concentrations, data are logged on ten
minute and one hour time intervals. Hourly mean concentrations are used to calculate

24-hour averages.

TEOMSs operate by drawing air through a hollow tapered tube, with the wide end
fixed and the narrow end, which contains a filter cartridge, free. The narrow end
oscillates in response to an applied electric field. A flow controller draws sampled air
through the filter at a constant rate. At Ti Tree Bend this has been set to 2 L/min in
response to the large particle loading. As particles collect onto the filter the
oscillating frequency of the tapered element changes, allowing the mass of the
accumulated particles to be accurately determined. This in turn allows particle mass

concentrations to be calculated (Peer Review Committee, 2001).

In order to minimise the contribution of liquid water to the measured particle mass,
the Australian Standard AS 3580.9.8 — 2001 requires sampled air to be heated to
50°C prior to and during measurement. This necessary process has the drawback that
some volatile and semi-volatile species can be lost from the filter. Woodsmoke
contains many such species, and therefore mass loss from TEOM filters is a

significant issue in woodsmoke prone regions, such as Launceston, in winter. In these



cases 24-hour PM, concentrations measured using TEOMs tend to be significantly

lower than equivalent measurements made by co-located HVASs.

Ayers et.al., (2001) conducted a multi-site assessment of the comparison of co-located
HVAS and TEOM measurements using all available results throughout the country.
They found systematic differences between TEOM and co-located HVAS data, which
were largely controlled by the mean surface air temperature, T, throughout the

24-hour measurement period.

In response, CSIRO developed a National Adjustment Scheme, summarised in Table
1. The scheme applies a multiplicative adjustment factor of 1.4 at or below 5°C,

which falls linearly to 1.0 at 15°C. An adjustment factor is not applied above 15°C.

Table 1 The CSIRO TEOM Adjustment Scheme

Adjustment Factor Daily Mean Surface Temperature, T (°C)
1 T>15

1+0.04(15-T) 5<T<I15

1.4 T<5

After Peer Review Committee (2001)

Ayers et.al. (2001) recognised that their study was limited in the number of datasets
used and geographic regions covered. In particular they recommended that the
National Adjustment Scheme should be tested against additional datasets in cooler

cities with high levels of woodheater use, such as Hobart and Launceston.

DPIWE has found that the CSIRO Adjustment Scheme consistently underestimates
equivalent wintertime HVAS concentrations at both its Hobart and Launceston
monitoring sites. On this basis, it has been developing a site-specific TEOM
adjustment scheme for Launceston. This preliminary scheme, which is still under
development and therefore has not undergone peer review, has been found to provide

considerably better agreement with HVAS data than the CSIRO adjustment scheme.

Table 2 summarises the DPIWE 2002 correction scheme. An adjustment factor of 2.2
applies at a mean daily temperature of 0°C. This falls linearly to a value of 1.0 at

15°C. Like the CSIRO correction, an adjustment factor is not applied above 15°C.



Table 2 The DPIWE 2002 Preliminary TEOM Adjustment Scheme for Launceston. This
scheme is currently under development and may be subject to change. It has not been

peer reviewed.

Adjustment Factor Daily Mean Surface Temperature (°C)
1 T>15
22-0.08T 0<T<15

3.2.3 Particle Counter

A TSI Model 8520 DustTrak particle counter was installed at the Ti-Tree Bend site in
early April 2003. It was housed within the enclosure containing the TEOM, and its
analogue output was connected to the existing datalogger servicing the TEOM. An
inlet system was fabricated using a standard TSI inlet, standard plumbing fittings and
a water trap. The inlet height was identical to that of the TEOM and was located
approximately 1.2 m distant from it. Under wet and foggy conditions, the water trap

was found to collect significant amounts of water.

A small vacuum pump within the particle counter was used to pump sampled air
through a sensor (Figure 1). Within the sensor, a laser diode is directed through the
aerosol stream. This light is scattered by particles within the stream. Scattered light
is collected by an optical system oriented at 90° to the aerosol stream, and is measured
using a photodetector. The intensity of the scattered light is a function of the particle
mass concentration. The instruments are supplied with TSP (total suspended
particulate), PM,o, PM, 5 and PM; size-selective inlets, allowing the chosen parameter
to be measured in real time, and logged for periods of up to a week. The supplied

PM, inlet was used throughout the entire study.

The DustTrak particle counter, used in this study, was factory-calibrated against the
respirable fraction of Standard ISO 12103—1, A1 test dust. This test dust has a wide
size distribution, with individual particles ranging between zero to ten microns in
aerodynamic diameter. The factory calibration is therefore representative of a wide
variety of ambient aerosols (TSI, 2004). On this basis, factory-calibrated DustTrak
particle counters are useful for recording relative changes in PM;( concentrations over
time in regions where the particle size distribution remains unchanged. This normally

occurs if a single source or source type predominates. If absolute concentrations are






e data that the datalogger flags as invalid in the event of data transmission errors or
instrument malfunction;

e 10 minute mean TEOM concentrations less than —20 pg/m’, in line with common
practice throughout the Australian jurisdictions;

e hourly TEOM concentration data less than —10 pg/m’, in line with common
practice throughout the jurisdictions;

e hourly mean concentration data comprised of the mean of less than four ten
minute mean concentrations;

e daily average data comprised of the mean of less than 18 hourly mean
concentrations for the day in question; and

e data collected during local dust events, that are unrepresentative of conditions in
the broad Launceston area. An example of this is local road dust produced by
trucks passing on the gravel road adjacent to the samplers as part of the operations

of the sewage treatment plant.

A review of the dataset showed that all PM;, parameters exhibited a positively
skewed distribution. Application of a square root transformation was found to reduce
this skewness; however a logarithmic transformation was found to produce the most
normal distribution. Trial least square linear regressions were performed, regressing
ten-minute TEOM measurements against particle counter measurements. Regressions
were formed using untransformed, square root transformed and logarithmically
transformed datasets. The untransformed data were found to be most linear in form,
possessing the strongest correlation coefficients (r) and the highest coefficients of
variation (), despite violating the normality assumption governing linear regression.
Untransformed data were therefore used for all remaining analyses, on the basis that
they produced the best results and were acceptable, given that the dependant and

independent variables had similar (skewed) distributions.

3.4 DATA AVAILABILITY

Table 3 summarises the data availability. Co-located measurements using all three
measurement systems commenced on 4 April, 2003. In June 2004 the particle counter
pump diaphragm was found to have developed a leak, causing low flows. All particle

counter data collected after 1 March, 2004 were therefore rejected. This date was






variation in aerosol loading is clearly visible in accordance with the long-term pattern

established in Figure 2.
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Figure 3 Daily mean PM;, concentrations recorded by the Ti Tree Bend high volume air

samplers during the study period. The plus signs represent the period when the co-
located particle counter had an unheated inlet system. Similarly the circles represent
the period when the particle counter heated inlet system was heated. Periods 1 and 2
represent “non-woodsmoke” and “wintertime” intervals, respectively, for an unheated
particle counter inlet. Period 3 represents the “non-woodsmoke” interval for a heated

particle counter inlet.

Examination of Figure 3 shows that it is possible to select three separate time periods

to characterise different seasonal and particle counter inlet configurations. These are

highlighted in Figure 3 and summarised as Table 4. The analysis throughout this

report focuses on data extracted from these three periods. The particle counter pump

failure meant that it was impossible to identify a fourth time period to characterise

wintertime conditions using a heated particle counter inlet.

Table 4 Identified periods characterising diffrent seasonal and particle counter inlet
configurations.
Period Start Date End Date Description
1 4 April, 2003 30 April, 2003 Non-woodsmoke conditions; Unheated particle counter inlet system.
2 1 June, 2003 31 August, 2003 Winter time conditions; Unheated particle counter inlet system.
3 1 October, 2003 29 February, 2004 Non-woodsmoke conditions; Heated particle counter inlet system.
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4 RESULTS AND DISCUSSION

4.1 PERIOD 1 — NON-WOODSMOKE MEASUREMENTS

USING AN UNHEATED PARTICLE COUNTER INLET

Period 1 was the shortest time of the three periods analysed, spanning only 24 days in
April 2003. Data collected within Period 1 is assumed to be representative of
conditions where there is little or no woodheater usage, and other particle sources are

dominant. The particle counter inlet was unheated during Period 1.

Figure 4 presents scattergrams relating raw TEOM PM;( measurements to unheated
particle counter measurements collected during Period 1. The figure shows least
squares regression lines for each scattergram. Scattergrams are presented for ten

minute, one hour and 24-hour averaging times.

Table 5 summarises the least squares regression relationships developed and the most
important statistical parameters governing each relationship. In each case, a strong
positive correlation was exhibited between the TEOM and particle counter
measurements, with correlation coefficients varying between 0.67 and 0.73. The r°
values show that the relationships explain between 45% and 53% of the variation.

The standard error of the regression falls with increasing averaging time, showing that
the relationship becomes more accurate with longer averaging times. All three
relationships proved to be significant at the 99% level, largely due to the high number

of data pairs.

11



a) b)

250

200

200

@
1<}
L
o
=)
L

TEOM (ug/m®)

TEOM (ug/m®)
=)
o

-50

Particle Counter (pg/m®)

Particle Counter (ug/m®)

c)
80
_ 60
E
g 40
3
[:4
20 A
0 [ T
0 20 40 60 80
Particle Counter (uglmz)
Figure 4 Uncorrected TEOM vs particle counter scattergrams fa Period 1 (4/4/03 to 30/4/03),

representing non-woodsmoke conditions measured using an unheated particle counter
inlet. The solid line is the least squares regression line. The dotted lines surrounding
this are drawn using the upper and lower 95 % confidence intervals for the slope and
Y-intercept. (a) Ten-minute averaging time; (b) One-hour averaging time; (c) 24-

hour averaging time.

The three equations representing different averaging times are virtually identical,
suggesting that a generic relationship can be established regardless of averaging time.
Equation 1 shows the generic relationship developed using the mean slope and

Y -intercepts of the three Period 1 equations,

T=020P+9.6 (1)

where T is the raw TEOM measurement and P is the particle counter measurement.
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Table 5 Regression relationships relating particle counter measurements to raw TEOM
measurements for Period 1, representing non-woodsmoke conditions measured using

an unheated particle counter inlet system.

Averaging  Regression Relationship Correlation Coefficient of  Standard Error n
Time Coefficient Determination of the
(r) ) Regression

(SE)
10 minutes  T1gmin = 0.20 Pygmin + 9.5 0.67 0.45 7.6 3580
1 hOLlI' T] hour — 0.20 P] hour +94 0.73 0.53 6.2 610
24 hours T4 hour, raw = 0.19 Pognour + 9.9 0.69 0.47 3.9 24
Averaging F Significance SE of SE of t Statisti t Statisti P Statisti P Statistic
Time of F Intersect Slope of of Slope of of Slope

Intersect Intersect

10 minutes ~ 2981.1 0.000 0.2 0.0 55.8 54.6 0.000 0.000
1 hour 691.9 0.000 0.3 0.0 272 26.3 0.000 0.000
24 hours 19.6 0.000 1.5 0.0 6.5 44 0.000 0.000
Key: T = TEOM PM,, measurement; P = Particle counter PM;, measurement

Subscripts: 10 min, 1 hour, 24 hour = measurement averaging times; raw = uncorrected TEOM measurement

4.2 PERIOD 2 — WINTERTIME MEASUREMENTS USING

AN UNHEATED PARTICLE COUNTER INLET

Period 2 covered 86 days in winter 2003, with the first measurements occurring on
1 June and the last on 31 August. This period was selected to characterise conditions
where woodheaters are the dominant PM particle source and particle counter

measurements were made with an unheated inlet.

Figure 5 presents scattergrams relating raw TEOM PM;( measurements to unheated
particle counter measurements collected during Period 2. The figure shows least
squares regression lines for ten-minute, one-hour and 24-hour averaging times. The
figures show that Period 2 measurements are linear, becoming better defined as the

averaging time increases.
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averaged data. The standard error of each of the Period 3 regression relationships was
also high in comparison with those of the Period 1 relationships. Despite their

weakness, all three relationships proved to be significant at the 99% level.

Table 7 Regression relationships relating particle counter measurements to raw TEOM
measurements for Period 3, representing non-woodsmoke conditions measured using

a heated particle counter inlet system.

Averaging  Regression Relationship Correlation Coefficient of  Standard Error n
Time Coefficient Determination of the
r) ") Regression

(SE)
10 minutes  Tigmin=0.37 Pjgmin+ 11.3 0.45 0.20 14.2 20000
1 hour T hour = 0.37 Py pour + 11.2 0.58 0.34 9.2 3439
24 hours T4 hour, raw = 0.34 Pognour + 11.3 0.43 0.19 4.8 118
Averaging F Significance SE of SE of t Statistic t Statistic P Statistic P Statistic
Time of F Intersect Slope of of Slope of of Slope

Intersect Intersect

10 minutes ~ 4966.2 0.000 0.1 0.0 104.3 70.5 0.000 0.000
1 hour 1765.0 0.000 0.2 0.0 66.2 42.0 0.000 0.000
24 hours 26.7 0.000 0.6 0.1 17.8 52 0.000 0.000
Key: T = TEOM PM,, measurement; P = Particle counter PM;, measurement

Subscripts: 10 min, 1 hour, 24 hour = measurement averaging times; raw = uncorrected TEOM measurement

Once again the three equations representing different averaging times are virtually
identical, suggesting that a generic relationship might be established. Equation 3
shows the generic relationship developed using the mean slope and Y-intercepts of the

three Period 3 equations:
T=036P+113 (3)

where 7 is the raw TEOM measurement and P is the particle counter measurement.
This equation is presented for illustrative purposes only and, given the weakness of

the underlying relationships, its use is not recommended.

4.4 24 HOUR TEOM CORRECTIONS

The suitability of the particle counter to estimate daily average TEOM PM
concentrations was also assessed. Figure 7 presents scattergrams relating 24-hour
mean TEOM and particle counter measurements for all three averaging periods, using
both the CSIRO and DPIWE 2002 TEOM corrections. Tables 8 and 9 provide least
squares regression relationships and statistical parameters for the CSIRO and DPIWE

corrected TEOM relationships respectively.
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Table 8

Regression relationships relating 24-hour average particle counter measurements to

corrected TEOM measurements using the CSIRO adjustment scheme.

Averaging  Regression Relationship Correlation Coefficient of  Standard Error n
Time Coefficient Determination of the
r) ) Regression

(SE)
Period 1 T24 hour, CSIRO — 0.22 P24 hour T 10.4 0.68 0.47 4.6 24
Period 2 T24 hour, CSIRO = 0.23 P24 hour +9.7 0.95 0.90 4.4 86
Period 3 T24 hour, csiro = 0.42 Pogpour + 11.4 0.51 0.26 4.7 118
Averaging F Significance SE of SE of t Statistic t Statistic P Statistic P Statistic
Time of F Intersect Slope of of Slope of of Slope

Intersect Intersect
Period 1 19.2 0.000 1.8 0.1 5.7 44 0.000 0.000
Period 2 786.6 0.000 0.8 0.0 12.8 28.0 0.000 0.000
Period 3 414 0.000 0.6 0.1 18.1 6.4 0.000 0.000
Key: T = TEOM PM,, measurement; P = Particle counter PM;, measurement
Subscripts: 24 hour = 24-hour averaging time; CSIRO = TEOM measurement corrected using the CSIRO adjustment scheme
Table 9 Regression relationships relating 24-hour average particle counter measurements to
corrected TEOM measurements using the DPIWE 2002 preliminary adjustment
scheme.
Averaging  Regression Relationship Correlation Coefficient of  Standard Error n
Time Coefficient Determination of the
(r) () Regression

(SE)
Period 1 T24 hour, priwe = 0.26 Pospour + 11.5 0.67 0.45 5.7 24
Period 2 T24 hour, DPIWE = 0.31 P24 hour T 11.4 0.95 0.90 6.0 86
Period 3 T24 hour, DPIWE — 0.52 P24 hour T 11.7 0.57 0.33 5.0 118
Averaging F Significance SE of SE of t Statistic t Statistic P Statistic P Statistic
Time of F Intersect Slope of of Slope of of Slope

Intersect Intersect

Period 1 17.8 0.000 22 0.1 5.1 42 0.000 0.000
Period 2 744.1 0.000 1.0 0.0 11.0 27.3 0.000 0.000
Period 3 56.6 0.000 0.7 0.1 17.6 7.5 0.000 0.000
Key: T = TEOM PM,, measurement; P = Particle counter PM;, measurement
Subscripts: 24 hour = 24-hour averaging time; DPIWE = TEOM measurement corrected using the DPIWE 2002 preliminary

adjustment scheme

The CSIRO and DPIWE 2002 relationships had similar correlation coefficients for

each of the three averaging periods. The strongest relationships occurred during

Period 2 (winter time; unheated inlet), with correlation coefficients of 0.95 accounting

for 90% of the variation. Weaker relationships were found for the two non-

woodsmoke periods, with the Period 3 (heated inlet) relationships accounting for less

than a third of the variation and Period 1 (unheated inlet) accounting for

approximately half of the variation.
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Table 10 Regression relationships between 24-hour average particle counter measurements and
HVAS measurements.
Averaging  Regression Relationship Correlation Coefficient of  Standard Error n
Time Coefficient Determination of the
(r) () Regression

(SE)
Period 1 Hoa hour = 0.27 Poghour + 8.3 0.70 0.49 53 24
Period 2 H24 hour — 0.32 P24 hour +59 091 0.82 8.7 86
Period 3 Hoa hour = 0.49 Poshour + 6.7 0.46 0.22 6.3 118
Averaging F Significance SE of SE of t Statistic t Statistic P Statistic P Statistic
Time of F Intersect Slope of of Slope of of Slope

Intersect Intersect

Period 1 21.5 0.000 2.1 0.1 4.0 4.6 0.001 0.000
Period 2 382.5 0.000 1.5 0.0 39 19.6 0.000 0.000
Period 3 319 0.000 0.8 0.1 8.0 5.6 0.000 0.000
Key: H=HVAS PM,, measurement; P = Particle counter PM;, measurement
Subscripts: 24 hour = 24-hour averaging time

The strongest relationship (r = 0.91, r* = 0.82) was once again found to occur during

Period 2, with weaker relationships occurring during Periods 1 (r = 0.70, r* = 0.49)

and 3 (r = 0.46, > = 0.22).
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5 CONCLUSIONS

5.1 COMPARISONS AGAINST UNCORRECTED TEOM

MEASUREMENTS

Results from this study show that particle counters exhibit a constant response to
particle loadings, regardless of averaging time. This allows predictive relationships of
raw TEOM concentrations to be developed, which are independent of the
measurement averaging time. In general, the accuracy of these relationships improves

with longer averaging times.

The strongest of these relationships was for the particle counter with an unheated inlet
to predict wintertime woodsmoke PM, concentrations. Predictive relationships
using an unheated particle counter during times when woodheaters are unlikely to be
used are far weaker, and it is recommended that they only be used with caution. The
addition of a heated inlet to a particle counter failed to provide a useable relationship
suitable for non-woodsmoke conditions. Data were not available to develop
wintertime relationships using heated particle counter inlets. The use of a heated inlet

under these conditions could therefore not be assessed.

5.2 COMPARISONS AGAINST CORRECTED TEOM

MEASUREMENTS

Predictive relationships were developed comparing the daily mean PM;g
concentrations recorded by the particle counter against corrected TEOM
measurements. Similar correlation coefficients were found for both the CSIRO and
preliminary DPIWE 2002 TEOM correction schemes. Once again, the strongest
relationships were associated with the use of an unheated particle counter during
winter time. During non-woodsmoke (summer) conditions, far weaker relationships

were found, with the addition of a heated inlet, resulting in unusable relationships.
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5.3 COMPARISONS AGAINST HVAS MEASUREMENTS

The predictive relationships for comparison against HVAS measurements showed
similar variations in the degree of correlation to those relating to TEOM
measurements. Once again the relationship using a heated particle counter inlet in
non-woodsmoke conditions was too weak for use, whereas the relationship describing
the response of an unheated particle counter inlet in non-woodsmoke conditions was
weak, but could be used with care. In contrast the relationship for use with an
unheated particle counter inlet during wintertime was strong, explaining 82 percent of

the variation.

5.4 THE USE OF PARTICLE COUNTERS TO HELP

VALIDATE TEOM MEASUREMENTS

Laser scattering in response to aerosols is strongly related to the number of particles
rather than their mass. Woodsmoke contains large numbers of fine particles and
therefore readily scatters laser light. This explains the strength of the predictive
relationships developed for wintertime woodsmoke-dominant conditions. In contrast,
when woodsmoke is absent, particles tend to be fewer in number and far larger in size.
Under such conditions laser light is less readily scattered, thereby creating a smaller

signal when measured by a particle counter.

This difference in response may be exploited when using a co-located particle counter
to help validate TEOM measurements. Figure 9 shows the ten-minute average PM
concentrations recorded by both the TEOM and unheated particle counter at Ti-Tree
Bend during a localised road dust event. Frequent truck movements, which stirred up
dust from the gravel road adjacent to the air monitoring station, commenced at
approximately 09:00, occurring sporadically until approximately 11:30. The TEOM
recorded large spikes in direct response to the road dust-laden atmosphere. In

contrast, the DustTrak response was greatly subdued.
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