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CAUL Project 1: Milestone 15: Annual Report on Air Quality
Measurements
Introduction
The negative health impacts of airborne particulates on urban populations are now well established.
Whilst the air quality in Australian cities is generally very good compared to many other parts of the
world, Sydney experiences occasional poor air quality events that expose the population to
heightened health risks. Health effects are also known to occur at air pollution concentrations that
are within national air quality standards, meaning that health benefits can be realised through
improving air quality even in regions with relatively low pollution levels. The population within the
Sydney basin is predicted to grow by ~ 20% in the next decade, increasing both the local sources of
pollution and the population exposed.
CAUL has funded research into understanding the drivers of poor air quality in Western Sydney. In
this report we describe the research efforts over the last year to provide extended measurements
of air quality within the Sydney basin.
A new Temporary Air Quality Measurement Site in Western Sydney
In early 2016 a measurement site was established in Western Sydney, on the roof of a building at 2
Percy St, Auburn NSW (-33.854, 151.037). The building is owned and operated by the Master
Plumbers Association of NSW and is located adjacent to the T1 and T3 rail lines which extend to
northern, western and southern NSW, used regularly by heavy diesel coal and general freight
transport. Major roads, the A6, St Hillier’s Rd and Olympic Dr are 250 m to the north-east and to the
south, while Parramatta Rd and the M4 are 1.5 km to the east.
An open path FTIR spectrometer (OP-FTIR) and a Differential Optical Absorption Spectrometer
(DOAS), together with a “Pod”, owned by the Office of Environment and Heritage (OEH), NSW and
containing instrumentation typically used by OEH to measure air quality, were installed into the site
via crane (Figure 1) on 23rd May 2016. An electrical circuit had previously been installed onto the
roof to provide power for the instruments directly from the building’s main electrical switch board.
The instruments within the Pod were commissioned by OEH technical staff and commenced data
collection on 25 May 2016.
The reflectors for the OP-FTIR spectrometer and the DOAS are located on the roof of the
Cumberland Council, Auburn office, building at 2 Queen St Auburn, to provide an extended path
length for the two instruments of 395m (Figure 2). The Auburn Council building is located on a small
hill within the Auburn CBD. The extended measurement path encompasses the rail corridor and the
Auburn CBD. The difference in elevation between the roofs of the two buildings is 17m. The
reflectors for the OP-FTIR and the DOAS were not installed on the roof of the Council building until
the 26 October, with the amalgamation of the Auburn Council to the Cumberland Council resulting

in delays in signing the Deed of License to access to the roof space. The OP-FTIR and DOAS
instruments commenced data collection on the 28th October 2016.

Figure 1 Lift of Pod onto the roof of Master Plumbers Association of NSW in Percy St Auburn
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Figure 2. Location of Auburn site with instruments located on the roof of the MPA building at
Percy St, and the mirror arrays located on the roof of the Council Building within the Auburn CBD.

Activity 1a. Targeted air quality measurements in Western Sydney
The OEH Pod was deployed at the site in Auburn in May 2016 as part of the targeted air quality
measurements in Western Sydney, as part of better understanding the spatial variability in air
quality in the Western Sydney region.
Data from the first 2 months of operation at the Auburn site was included in an analysis of data from
OEH monitoring sites to identify air quality hotspots and compare air quality in the Western and
Eastern regions of Sydney. The analysis was based on 10 years historical observations from 6 OEH
fixed monitoring sites plus data from the Pod at Auburn. A report detailing the results is included in
Appendix A. Following is short summary of that report.
Instrumentation
The Pod consists of an environmental enclosure (Figure 3) designed by OEH to be portable to allow
for rapid deployment to locations as required. The instrument configuration at the Auburn site is
detailed in Appendix A, with a summary of the instruments and species measured given in Table 1.
The Pod includes a weather station measuring wind speed and direction, humidity and temperature.
Table 1. The list of Instrumentation included in the Pod and the species measured by the
instrument is listed below.
1. Teledyne NOx + O3 Analyser – Model T204
2. Teledyne CO Analyser – Model T300
3. Fluorescence SO2 Analyser – Model 100E
4. Thermo Scientific TEOM Series Model 1405-DF
5. Environics Multi-Gas Calibrator – Model 6100
6. Environics Zero Air Generator – Model 7000
7. Aurora 3000 – Multi Wavelength Nephelometer
8. Calibration Gases
9. Telemetry for Automatated Communication
10. Meteorology:
• Wind Speed
• Wind Direction,
• Atmospheric Temperature
• Humidity

Figure 3 Front and rear views of the OEH Pod as located at the Auburn field site.
Results and Discussion
The analysis of 10 years of data comparing air quality measured at sites in Western and Eastern
Sydney indicated that the levels of pollutants were higher at the Western Sydney monitoring sites
compared to the Eastern Sydney sites. The inclusion of the initial 2 months data from the Auburn
site in the analysis also indicated the levels of pollutants at Auburn were higher or comparable to the
surrounding Western Sydney sites. This analysis will be ongoing as data collection at the Auburn site
continues. For a full report on the analysis please refer to Appendix A.

Activity 1b. Extended Air Quality Measurements
The OP-FTIR and DOAS systems have been deployed at the Auburn site to assess the suitability of
the instruments to measure the mixing-ratio of relevant gases in the urban air environment, at
extended spatial scales comparable to the spatial scales of urban air quality models. With parallel
measurement paths, the two instruments will provide complementary information on a range of
gases of interest. With the two systems deployed in close proximity to the Pod, for gases measured
by both systems, comparison of the point source measurements of the Pod with the extended
spatial scale measurements from the spectrometers will be feasible. Measuring over a spatial scale
comparable to that of the models will facilitate validation of the models.
Instrumentation
Open Path FTIR spectrometer
The open-path FTIR spectrometer was developed by the Centre for Atmospheric Chemistry to
measure emissions of trace gases from local sources (Figure 4). It has been described elsewhere

(Jones, Phillips et al. 2011, Naylor, Wiedemann et al. 2016) and consists of a Bruker IR cube (Matrix
IR-Cube, Bruker Optik GmbH, Ettlingen, Germany) fitted with a mechanically cooled (-196 C, K508
Ricor, En Harod Ihud 18960, Israel) MCT detector (400-5000 cm-1; Infrared Associates Inc., Florida,
USA, or Judson Industries, Montgomeryville, PA, USA), with a modified Mead 10” telescope (LX
200ACF, Meade Instruments Corporation, Irvine California, USA) to act as a beam expander. The
instrument is mounted on an Automated Instrument Mount (AIM; Centre for Atmospheric Chemistry
and Colertec Unanderra, Australia) on a sturdy tripod (Gibralter model 4-60450-OA, Quickset
International Inc., Illinois, USA) for alignment to the distant reflector. The reflector consists of 3 x 30
corner cube arrays (PLX Inc., Deer Park, NY, USA) to provide reliable reflection of the infrared beam
back to the instrument telescope (Figure 5). The instrument measures the line averaged
concentration of infra-red active gases between the spectrometer and the retro-reflector. The
mixing-ratio of the gas of interest is retrieved from the time-averaged (5 min) spectrum by the
program MALT (Griffith 1996). For the urban air quality measurements at the Auburn site the gases
of interest measured by the OP-FTIR system include carbon dioxide (CO2), methane (CH4), carbon
monoxide (CO), nitrous oxide (N2O) and ammonia (NH3).

Figure 4. The OP-FTIR system shown housed in the instrument shelter.

Figure 5. The reflector array was installed on the roof of the Cumberland Council, Auburn office,
Auburn NSW in October 2016. The three larger arrays terminate the MIR beam of the OP-FTIR. The
small reflector terminating the measurement path for the DOAS is indicated in the red circle.

DOAS
DOAS stands for Differential Optical Absorption Spectrometry and uses Ultraviolet-Visible (UV-Vis)
light and rapid scanning across a narrow wavelength range to provide spectral information on
species that absorb UV-Vis light. The resulting spectrum is compared to a reference spectrum for the
region of interest to provide an atmospheric mixing-ratio of the target species. The DOAS 2000 open
path UV-Vis spectrometer (Thermo Environmental Instruments Inc., Franklin, MA, USA, a subsidiary
of Thermo Fisher Scientific, Waltham, MA, USA), consists of an 8” telescope with a 150W Xenon
lamp (Hamamatsu Photonics, Hamamatsu City, Japan) mounted on an adjustable focus. The
telescope mounting has azimuth and altitude adjustment for fine alignment to a distant reflector.
The telescope is supported on a sturdy tripod with a heavy duty alt-azimuth head (Gibralter model 460450-OA & 4-62926-7, Quickset International Inc., Illinois, USA) to provide course alignment to the
reflector.
The reflector returns the light to the telescope which is then focused onto an optic fibre input for the
UV-Vis spectrometer. The instrument operates over a wavelength range of 200-650nm and is
capable of a measurement path length of up to 1 km (2-way optical path-lengths up to 2 kms). The
gases of interest measured at the Auburn site are Benzene, Toluene, Ozone (O3), Sulfur dioxide
(SO2), Formaldehyde (CH2O), Nitrous acid (HNO2), and Nitrogen dioxide (NO2). A time averaged (2
min) measurement is made at each wavelength region (262nm, 283nm, 300nm, 330nm, 355nm and
430nm) to retrieve a mixing ratio of the gases that absorb in that region. The full measurement cycle
takes ~12-15mins. Wavelength and scanner calibrations are performed on 4 hr intervals to optimise
performance for the environmental conditions at the time.
Figure 6 shows the DOAS 2000 installation on the roof of the MPA building in Auburn. The reflector
for the DOAS is indicated in Figure 5 which shows the reflector arrangement on the roof of the
Auburn Council Chambers terminating the DOAS 2000 and OP-FTIR measurement paths.

Figure 6 DOAS as located in weather shelter at Auburn measurement site. The OP-FTIR system can
be seen located behind the DOAS.

Results and Discussion
Extended Path FTIR spectrometer
Data collection by the OP-FTIR has been near continuous since 28th October, with data collection
interrupted for 2 days over a weekend with predictions of major storms in the area and ~ 12 hours
due to computer errors. Development of data quality assurance (QA) and calibration procedures and
protocols is progressing and are anticipated to be finalised in the near future. However based on
initial QA and calibrations several features of interest are demonstrated in Figure 7, which shows
mixing-ratio data collected by the OP-FTIR system at Auburn over the initial 11 days of operation
together with the wind speed and direction data.
Under stable atmospheric conditions (wind speed < 1.5 ms-1) the levels of all monitored gases
increase in the boundary layer. In particular substantial increases in CH4 levels, 400-500 ppb above
local background levels, are noted at lower wind speeds, but return to local background levels when
wind speeds > 1.5 ms-1 and atmospheric mixing increases. While wet lands and water treatment
plants are known sources of CH4 (Parramatta River is located 3 km to the north and the Bicentennial
Park wetlands 4 km to the north-east) leakage from the aging natural gas pipes in the area are likely
to be a predominant source of the CH4 (Gioli, Toscano et al. 2012)
Increases in CO levels are observed in the morning and evening (5:00 to 10:00 and ~ 16:00 to 21:00)
with levels generally higher in the morning, associated with lower wind speeds in the mornings. The
increase in CO is believed to correspond to an increase in vehicle traffic in the mornings and
evenings. The major source of CO in urban areas has been reported to be from the incomplete
combustion of fuel in combustion engines (Fenger 1999), although wood smoke from slow
combustion wood heaters in winter and bushfires in summer can also provide a significant source of
CO.
An increase in NH3 is noted to correspond with the observed increase in CO. The levels of NH3
measured compared to CO appear to be influenced by humidity and rain. Increases vary from <1 ppb

above background levels and up to 6-8 ppb. The NH3 : CO ratio based on all data collected is 0.013
mol mol-1, with a correlation coefficient, r2, of 0.65, although this is expected to be refined when
final QA and calibration procedures are imposed. Common sources of NH3 include wet lands and
water treatment plants, however the production of NH3 in the catalytic converters installed in
vehicles has been identified as an important source of NH3 in urban pollution (Nowak, Neuman et al.
2012). Levels of NH3 from the catalytic converters are greatest when the vehicles engine is running
rich or under power, such as during acceleration or powering uphill.
In urban environments NH3 can react with HNO3 and SO2 to form NH4NO3 and (NH4)2SO4 (Behera and
Sharma 2010, Nowak, Neuman et al. 2012) and can be a significant source of secondary inorganic
aerosols (Behera and Sharma 2010). The levels measured here are similar to that measured in Los
Angeles (Nowak, Neuman et al. 2012) where levels were between 2 and 8 ppb and the NH3 : CO
close to 0.03. Due to the rapid conversion of NH3 to NH4+, particularly in the presence of SO2 and
NO3-1,(Nowak, Neuman et al. 2012) compared the combination of NH3 + NH4+, (as NHx) with CO
levels. The NH4+ enhancement in In Los Angeles was 0.6 to 3.2 ppb, and the NH3+ NH4+ : CO ratio
varied from 0.31 to 0.38.
Catalytic converters also produce N2O, particularly at start-up as the converter is heating up by the
process in equation 2, over rhodium, platinum and palladium catalyst (Mejía-Centeno and Fuentes
2009).
Equ. 2a
2NO + CO → N2O + CO2
Equ. 2b
2NO + H2 → N2O + H2O
Equ. 2c
2NO + 2CO → N2 + 2CO2
2NO + 2H2 → N2 + H2O
Equ. 2d
Levels of N2O are reported to increase with the use of low sulfur fuel (Mejía-Centeno and Fuentes
2009).
Levels of N2O measured at the Auburn site show variation over the day, with maximum in the late
morning. While levels are seen to vary, the enhancement of N2O above back ground levels is small
(< 5 ppb, wind speeds > 1.5 m-1) and any potential correlations to, or influences on, N2O are still to
be investigated.

Figure 7. Mixing-ratio data on gases measured over 2 weeks by the extended path FTIR system
while located at the Auburn site
DOAS Open Path UV-Vis Spectrometer
The DOAS 2000 instrument was included at the Auburn site to provide complementary open path
data to the point measurements made by the OEH POD, and provide data at a spatial resolution
similar to that of air quality models. The instrument has not operated continuously due to issues
with aged components (manufactured 1999) and environmental conditions including temperature
gradients impacting the telescope to reflector alignment. Following a critical component failure on
the 24th November 2016, the component was replaced and the instrument returned to service on 8
December 2016.
While data collection has been periodic, Figure 8a shows the mixing ratios of Benzene, Toluene, O3,
SO2 and NO2 under stable alignment. Figure 8b shows data collected under unstable alignment and
the increased scatter in the data is noticeable. Retrieval of formaldehyde and HNO2 began on the
23rd November 2016, and are not included in the figure. A comparison of species measured by both
the DOAS and the Pod (hourly averages), is shown in Figure 9 a & b. The DOAS 2000 is reliably
predicting the trend in the gases, with differences in the magnitude possibly due to the different air
mass volume measured.
Suitable measures of data quality are currently in development and expected to be implemented in
the near future.

Figure 8 a & b – DOAS filtered data, stable (top panel) and less stable alignment (lower panel).

Figure 9 a & b – DOAS/POD comparison under stable (Top Panel) and less stable (Lower Panel)
alignment.

Activity 1c. Bridging the Scales in Aerosol Measurements
Looking at scattered sunlight in the visible using the MAX-DOAS technique provides the opportunity
to retrieve vertical distribution of a number of key air pollutants on a kilometre –plus scale. These
pollutants include NO2, SO2, ozone and aerosols. An example of this ability has just been published
from measurements in Madrid, highlighting the ability to retrieve near – ground aerosol properties
and their relationship to PM2.5 (Wang, Cuevas et al. 2016). We have purchased a MAX-DOAS
system to make such measurements in Sydney, and following a nearly 9 month wait, the instrument
was delivered in early November. Initial tests of the instrument have begun at the University of
Wollongong (Figure 10) and it is intended that this will be deployed for measurements in the near
future.

Figure 10. MAX-DOAS unit undergoing testing on the roof of the chemistry building, University of
Wollongong.

Activity 1d. Major AIRBOX Campaign
AIRBOX stands for “Atmospheric Integrated Research on Burdens and Oxidative capacity” and is a
recently commissioned mobile facility built in a shipping container for the Australian atmospheric
community via an ARC “LIEF” grant, led by Prof Peter Rayner. AIRBOX was deployed from September
16th 2016 – October 16th 2016 at Mission Beach in North QLD (-17.96, 146.09), as its maiden
measurement campaign. While this campaign was unrelated to CAUL, the campaign demonstrated
the ability of AIRBOX to provide a complex data base relevant to air quality and atmospheric
processes. AIRBOX, as deployed at Mission Beach, QLD is shown in Figure 11.

Instrumentation included in AIRBOX measure major greenhouse gases such as CO2, CO, N2O and CH4,
reactive gases O3 and NOx, Radon, Black carbon particulates, PM2.5, cloud coverage and UV-Vis
active species by MAX-DOAS technology. The combination of these measurements can give a
detailed understanding of the air quality and subsequent atmospheric process.
Preparations are under way to begin an AIRBOX measurement campaign as part of CAUL in early
2017. Currently the AIRBOX is temporarily located in a compound at Macquarie University,
Macquarie Park, Sydney, NSW, after returning from Mission Beach. A measurement site (Figure 12)
has been identified and we are currently awaiting the installation of 3-phase power to the site prior
to operations commencing. A final planning meeting for the campaign is scheduled for midDecember 2016.

Figure 11 – AIRBOX as setup at Mission Beach, Queensland, for maiden measurement campaign
between 16th September and 16th October 2016.

Figure 12 – Site for AIRBOX measurement campaign (marked in red) at Macquarie University
sporting ovals.

Conclusion and Summary
Subproject 1: “extending air quality measurement and monitoring capacity of the Western Air-shed
and Particulate Study for Western Sydney (WASPSS)” has made significant progress in 2016. The
measurement site at Auburn in Western Sydney has been established alongside a major rail freight
line and in close proximity to major urban roads and the Auburn CBD. The instruments within the
OEH Pod have been collecting data since May 2016. The initial analysis of the first 2-month data has
suggested the levels of air pollutants are similar or slightly higher compared to that measured at the
nearby OEH monitoring sites. As additional data is collected continued analysis will contribute to our
understanding of the spatial variability of air quality in the area.
The OP-FTIR and DOAS spectrometers have demonstrated the ability to collected data on spatial
scales compared to models and at high temporal resolutions with the data collected by the
spectrometers complementing or augmenting the data collected by the OEH instrumentation. The
measurement path for the DOAS can be extended to 1 km. The instrument used for the feasibility
study is 17 years old which has been reflected in the instrument reliability. The feasibility study is
continuing, and if the data is as valuable as is first indicated it may be advantageous to consider a
replacement instrument. The limit for the measurement path for the OP-FTIR system is estimated to
be 500 m due to the divergence of the MIR beam. However the spectrometer can be orientated to
multiple measurement paths via the computer controlled AIM mount, allowing the measurement
path to be extended to 1 km by alternating orientation to 2 x 500 m paths. This would require 3 sites

for the instrument and 2 reflector arrays, which may prove difficult, and would require the purchase
of additional reflector arrays.
Planning for the two projects to be initiated in 2017, the deployment of the Max-DOAS system to
measure aerosols over extended spatial scales and a major air quality measurement campaign
utilising the capabilities of AIRBOX are well advanced and are anticipated to commence in the first
half of 2017.
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