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Definitions
Air NEPM
AQI
CcO
CBD
EPA
EPHC
HVS
NEPC
NEPM
NO
NO;
NOx
O;

Pb
PMio
PM;5
PMS
Ppm
SO,
TEOM
TSP
VOCs
WHO
pg/m3

um

Updated air quality information and data from many of the sites described in this report can be

National Environment (Ambient Air Quality) Protection Measure

air quality index

carbon monoxide

central business district

Environment Protection Authority

Environment Protection Heritage Council (now incorporates the NEPC)
high volume sampler

National Environment Protection Council

National Environment Protection Measure

nitric oxide

nitrogen dioxide

oxides of nitrogen

ozone

lead

particulate matter less than 10 um in diameter (aerodynamic equivalent)
particulate matter less than 2.5 pm in diameter (aerodynamic equivalent)
performance monitoring station

parts per million (by volume)

sulfur dioxide

tapered element oscillating microbalance

total suspended particulates

volatile organic compounds

World Health Organization

micrograms per cubic metre

micrometre

found on the EPA’s web site: www.environment.sa.gov.au/reporting/atmosphere/airqual. html






SUMMARY

This report summarises air monitoring data for six National Environment Protection (Ambient Air
Quality) Measure (Air NEPM) air pollutants: carbon monoxide (CO), nitrogen dioxide (NO>), lead
(Pb), ozone (O3), sulfur dioxide (SO2), and particulate matter (PMio, PM25 and total suspended
particles (TSP)), from 21 air monitoring stations for the period from 1979 to 2003. Data come only
from currently operational sites or recently decommissioned sites that still provide important
trend information.

Air quality in Adelaide has significantly improved over the last ten years —a positive trend that
has been confirmed by the monitoring network of the Environment Protection Authority (EPA).

Air quality data obtained from the EPA monitoring network in Adelaide have determined that
levels of CO, NO,, O; and SO, are well within the NEPM criteria. Particle concentrations are also
low most of the time. In the regional centre of Port Pirie lead continues to be a major problem and
at the eastern end of Whyalla particle concentrations exceed acceptable air quality criteria. Air
quality in Port Augusta has improved, with exceedences of the NEPM criterion for particulates
falling from seven in 1997 to one in 2003, with none in 2001 and 2002.

The dramatic decline in airborne lead concentrations in the metropolitan area, attributed to the
reduction of lead in petrol, was one of the first outcomes in a series of strategies aimed at
improving Adelaide’s air quality. Further improvements in fuel quality and design rules for motor
vehicles will see this trend continue for other pollutants. Lead is no longer monitored in
metropolitan Adelaide as it is no longer considered to be a significant issue.

The Air Quality Index, a twice daily update of Adelaide’s air quality over the previous 24 hours,
and the production of validated air quality reports on the internet, highlight the EPA’s
commitment to deliver current information that will inform, drive community discussion and
motivate us to change our behaviour.

Trends

Metropolitan Adelaide

e Carbon monoxide: CO is measured at two sites to evaluate exposures in the central business
district (Hindley Street) where vehicle emissions predominate, and in the suburbs (Elizabeth)
for residential exposure. The goal, to keep emissions below 9.0 ppm over eight hours, has been
met since 1997. Overall, ambient CO concentrations have decreased in the Adelaide airshed.

e Sulfur dioxide: Ambient SO, has been measured at four sites. The goal is to keep emissions
below 0.20 ppm measured over one hour. This figure has been exceeded only once, at Christies
Beach, since 1997; as the refinery in that area has now been closed, it is not expected that this
will be repeated. Overall, ambient SO, concentrations are negligible in the Adelaide airshed.

e Nitrogen dioxide: Ambient NO» is measured at five sites and, overall, concentrations have
decreased in the Adelaide airshed. There have been no exceedences of the one-hour NEPM
criterion of 0.12 ppm since 1991.

¢ Ozone: The goal for ozone, which is measured at five sites over Adelaide, is to keep
concentrations below 0.10 ppm over one hour and 0.08 ppm over four hours. These figures
have not been exceeded at any site since 1986 and it can be concluded that Adelaide does not
have a significant problem with photochemical smog.

e Particulates (PMi10): Ambient concentrations of particulate matter smaller than 10 pm (PM1o)
have been measured at six sites over Adelaide (two now decommissioned) with samples taken
one day in six. Ambient concentrations of PM1o have shown little change in the Adelaide
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airshed, with occasional occurrences of daily maximum 24-hour concentrations above the
NEPM criterion for PM19 since monitoring began. Large exceedences of the NEPM criterion of
50 ug/m3 in recent years can mainly be attributed to dust storms in July. The industrial site at
Osborne measured three exceedences in 2003.

e Particulates (PM25): Monitoring for particulate matter smaller than 2.5 um (PM25) began at
Netley in 2001 and Kensington in 2002. In 2003 the average concentrations for the sites were
9 ug/m3 at Netley and 7 pug/m3 at Kensington. The NEPM criterion of 8 pg/m?3 for one year
was exceeded in 2002 and 2003 at Netley, and the daily criterion of 25 ug/m3 was
exceeded a number of times at Kensington in 2002 and Netley in 2003. Due to the
limited data available, it is not yet possible to make any firm conclusion about trends in
ambient PM> 5 concentrations.

Mount Gambier

A one-year campaign (2001-2002) to measure NO», Os; and SO: revealed no exceedence of NEPM
criteria for any of these pollutants at Frew Park, a residential area in Mount Gambier. Monitoring
data identified that, on occasion, PMj levels in the Frew Park area exceeded 50 pug/ m3.

Whyalla

Particulates are measured at three Whyalla sites, one next to the pellet plant, one in the main area
of the city, as a site for general population exposure, and a new site at Walls Street. The new site
aims to monitor the exposure of the community living adjacent to the OneSteel pellet plant to PMio
particles and in 2003 recorded 8 exceedences of the 50 ng/m3 NEPM criterion.

Port Augusta

Only PMy, is measured in Port Augusta. The 90th percentile of the daily maximum 24-hour
concentration decreased from 1996 to 2003. Overall, the PM;o monitoring site showed a decrease in
the number of days when measurements exceeded 50 pg/m?3.

Port Pirie

PMio, SO,, NO; and lead are measured in Port Pirie. In 2003 there were no exceedences of the
criteria for particulates or NO», and 27 exceedences of the criterion for SO. The criterion for lead
was exceeded at two out of three community sites. At the Port Pirie West Primary School annual
averaged lead concentrations have exceeded the NEPM criterion of 0.5 ng/m3 (as an annual
average) every year, except 1996, since the station began operating in 1995.
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INTRODUCTION

Air pollution is a problem in all Australian capital cities. Adelaide is fortunate, by virtue of its
meteorology and relatively low industrial and population densities, to have good air quality most
of the time.

The Environment Protection Authority (EPA) is responsible for monitoring ambient air quality in
South Australia. This Ambient Air Quality Report summarises data collected from 1979 to 2003.

Society’s growing interest in environmental data has significantly altered the potential audience
for this type of information. Interested groups include not only ‘decision makers’ but also the
public, news media, non-government organisations, research scholars, school and university
students, and many other interested groups. To cater for the need of this wide audience, this
document presents data in both graphical and tabular form. Some graphs show long-term trends;
others present data for 2003 for a particular site. The tables provide both long-term and short-term
data. Taken together, however, the air quality data present a coherent picture that supports our
overall understanding of past and current trends in South Australian air quality.

Being the first publication of ambient air monitoring data for South Australia since 1997, this
report includes a reasonable amount of background information (i.e. measurement methods, site
locations, pollutants measured and the period of monitoring). Future publications are likely to be
annual with a primary focus on results and trends.

Ambient and hotspot air quality monitoring

Ambient air quality refers to the quality of the surrounding outdoor air. The EPA monitors
ambient air at a number of sites throughout Adelaide and assesses the air quality at these sites to
determine urban air quality trends for the whole of Adelaide. Ambient monitoring is also
conducted at Whyalla, Port Pirie and Port Augusta. A short-term monitoring program has also
been conducted at Mount Gambier.

The EPA also conducts “hotspot” monitoring with mobile monitoring stations. This type of
monitoring is designed to investigate pollution sources and assess air quality at a specific location.
Rather than monitoring emissions directly from a stack or chimney, the air is measured as it moves
towards areas where it may impact on the health and quality of life of the local population. Thus
other sources, such as roads or other industry impacting on a local area, can also be accounted for.
Source specific monitoring carried out by the EPA has not been included in this report.

National Environment Protection (Ambient Air Quality) Measure

The National Environment Protection (Ambient Air Quality) Measure (Air NEPM) was introduced in
1998 to provide a consistent approach to the measurement of air quality around Australia, with the
ultimate aim of providing equivalent protection to all Australians, wherever they live. The Air
NEPM established air quality standards (NEPM Standards) for six common pollutants: carbon
monoxide (CO), nitrogen dioxide (NO), ozone (Os), sulfur dioxide (SO»), particulate matter less
than 10 micrometres (um) in diameter (PMio) and lead (Pb).

NEPM Standards are set to provide adequate protection for human health and well-being. The
goal of the Air NEPM is to achieve the NEPM Standards, as assessed by EPA monitoring, within
10 years (see National Environment Protection Council 1998).

Recently, a variation to the Air NEPM was made to include particulate matter of less than 2.5 um
in diameter (PM25) with monitoring beginning at two metropolitan sites in 2001 and 2002 (see
www.ephc.gov.au/nepms/ air/air_variation.html).
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On 16 April 2004 the National Environment Protection Council (NEPC), the council of all state,
territory and Commonwealth environment ministers that develops NEPMs, made a new National
Environment Protection (Air Toxics) Measure (see www.ephc.gov.au/news. html.#AS_NEPM).

South Australian Ambient Air Monitoring Plan

In June 2001, the EPA presented the Ambient air quality monitoring plan for South Australia
(Environment Protection Agency 2001) to the NEPC to ensure that monitoring in South Australia
would be consistent with other states (Environment Protection Agency 2001). The plan contains
information on the requirements of monitoring in populous regions, the placement of air
monitoring sites, instrumentation, data collection, management and reporting.

As a result of its removal from fuel, lead is no longer present at significant concentrations in
ambient air and monitoring for airborne lead is no longer required in Adelaide. All stations
measuring lead in Adelaide were decommissioned in June 2003.

Development of the air monitoring network

The EPA has been expanding its air quality monitoring network throughout the Adelaide
metropolitan area in accordance with the monitoring plan. New sites have been constructed and
monitoring instruments at current sites upgraded. The disruptive nature of this upgrade and
expansion meant that data at many sites in 2000-2001 were not available. At some sites data from
1997 to 2000 have been deemed unreliable and were not considered in this report. The monitoring
network will be fully functioning and providing valid data in 2004.

Air quality standards and guidelines

NEPMs are defined in the NEPC Act and made by the NEPC. They are similar to policies and are
set to ensure environmental protection. NEPMs can be defined by any combination of goals,
standards, protocols and guidelines (Environment Protection and Heritage Council 2004).

A goal means the desired outcome of the NEPM (e.g. protection of human health). A standard is a

"measure of environmental quality” (e.g. a pollutant concentration). Protocol is the “procedure to be
followed to determine whether a standard or goal is being met’ (e.g. looking at the location of sites
and methods of monitoring and analysis). Guidelines outline how to meet the standards and goals
(see Definitions of Terms and Explanations at www.ephc.gov.au/nepms/goals_nepm.html).

A NEPM site is one that has been nominated by the EPA in the Ambient air quality monitoring plan
for South Australia (2001), as one that meets the standards set out by the NEPM with respect to, for
example, placement of the site and monitoring methods, and has been approved by NEPC.

Table 1 outlines the NEPM Standards and World Health Organization (WHO) guidelines for
common air pollutants along with the NEPM goals for each pollutant (World Health Organization
2001; see also www.ephc.gov.au/nepms/air/ air_nepm.html).

An exceedence of the NEPM is characterised by an exceedence of the maximum allowable
concentration, for a greater number of times as set by the goal, at a NEPM designated site (see
Table 2 for metropolitan NEPM sites). In this report exceedence of the maximum concentration
(shown in Table 1) will be described as exceedence of the NEPM criterion.
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Table 1 Air quality standards and guidelines used by the EPA

Pollutant measured Averaging period Maximum Maximum allowable Source
concentration exceedences (NEPM Goal)
Carbon monoxide (CO) 8 hours 9.0 ppm 1 day/year NEPM
Nitrogen dioxide (NO:) 1 hour 0.12 ppm 1 day/year NEPM
1 year 0.03 ppm none
0zone (0s) 1 hour 0.10 ppm 1 day/year NEPM
4 hours 0.08 ppm 1 day/year
Sulfur dioxide (S02) 1 hour 0.20 ppm 1 day/year
1 day 0.08 ppm 1 day/year NEPM
1 year 0.02 ppm none
Lead (Pb) 1 year 0.50 pg/m’ none NEPM
Particles as PMio 1 day 50 pg/m’ 5 days/year NEPM
Particles as total suspended particles (TSP) 1 day 120 pg/m’ Not applicable WHO

pg/m® = micrograms per cubic metre
ppm = parts per million by volume

Air pollutants measured

This section summarises the health effects and common sources of each pollutant measured. For
more information on health see the Environment Protection and Heritage Council (EPHC)?,
Environment Australia, US Environment Protection Agency and EPA Air Quality Index web sites
(see Bibliography).

Carbon monoxide

Health effects

The main threat to health from exposure to CO is the formation of carboxyhaemoglobin, which
substantially reduces the capacity of the blood to carry oxygen and deliver it to the tissues. CO
binds to haemoglobin 200-240 times more strongly than oxygen (National Occupational Health
and Safety Commission no date). CO also blocks important biochemical reactions in cells. People
who have an existing disease, such as coronary artery disease or angina, are likely to be at
particular risk if these delivery systems are further impaired by CO.

The NEPM criterion of 9 ppm as a running 8-hour mean is intended to limit the exposure of the
population, including susceptible individuals.

Sources

CO is a gas formed by the incomplete combustion of fuels containing carbon. The main outdoor
source of CO is currently motor vehicles, in particular petrol-fuelled vehicles which, in Adelaide,
account for almost 85% of emissions (Ciuk 2002). Industrial sources include steel plants, foundries,
oil refineries and chemical manufacturing facilities, such as those that make lime.

1 The EPHC was formed following changes to natural resource and environment related ministerial councils agreed by
the Council of Australian Governments in June 2001. The NEPC, which is a statutory body, continues to exist under
the umbrella of the EPHC.
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Lead
Health effects

Lead is poisonous in all forms. The poison is cumulative and the toxic effects are many and severe.
Lead is especially dangerous for unborn and young children. It inhibits intellectual development
and behaviour, and has been linked with low birth weights (O’'Dwyer 2001).

The Air NEPM aims to keep the ambient concentration of lead in the air to less than 0.5 pg/m3
averaged over one year. Because leaded petrol is no longer used this goal will be easily met in
areas where the main source was from motor vehicles.

Sources

Lead in the atmosphere is mostly in the form of very small particles. Up to 97% of the lead in
Adelaide’s atmosphere used to originate from the exhaust of motor vehicles that used leaded
petrol (Ciuk 2002). Lead also enters the atmosphere from lead smelters, mining operations, waste
incinerators, battery recycling and the production of lead sinkers for fishing. It has also been used
in lead solder found in plumbing and electrical joints. Many older houses were painted with lead-
based paint and unsafe house renovations can release high levels of lead indoors.

Because lead is dense, approximately 80% of it does not stay in the atmosphere for very long, so
most lead is found close to where it is produced —near roads and other major sources. The phasing
out of leaded petrol nationally was completed on 1 January 2002.

Nitrogen dioxide

Health effects

NO; exposure has been linked to an increased risk of respiratory symptoms, especially in
asthmatic children (Ciuk et al. 2001; Gehring et al. 2002), to lung function changes and to
symptoms of bronchitis (University of Western Cape 2001).

The Air NEPM short-term air quality criterion is 0.12 ppm, measured as an hourly average. There
is also a longer-term NEPM criterion of 0.03 ppm averaged over one year.

Sources

All combustion processes in air produce oxides of nitrogen (NOx), including NO> and nitric oxide
(NO). It is NO; that is associated with adverse effects upon human health. Motor vehicles account
for about 68% of total Adelaide emissions of NOx (Ciuk 2002). Other sources include electricity
generation, foundries and domestic wood burning. NOx is also a precursor in the production of
ozone and photochemical smog.

Ozone

Health effects

Exposure to elevated concentrations of ozone may cause slight irritation to the eyes and nose
(University of Western Cape 2001; New York State Department of Health 2001). Ozone may also
increase reactions to allergens in people with known allergies (Brunekreef and Holgate 2002; US
Environment Protection Agency 2004). Very high levels of exposure (0.5-1 ppm) over several
hours may damage the airway lining, and inflammatory reactions may follow. Respiratory
function (Woodward et al. 1995) may be impaired at lower concentrations, down to about

0.08 ppm.

The NEPM criterion for ozone is 0.1 ppm as a one-hour mean. A four-hour criterion at 0.08 ppm
has also been set—a level at which effects on healthy individuals have been demonstrated
(National Environment Protection Council 1998). A review of this criterion has begun.
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Sources

Ozone at ground level is formed by a complicated series of chemical reactions, initiated by
sunlight. NOx and volatile organic compounds (VOCs) derived from man-made sources, and
biogenics?, react to form ozone. Combustion, industrial processes, activities such as solvent use,
and petrol distribution and handling, produce these substances. NOx and VOCs are the most
important precursors for generating ozone. Emissions from motor vehicles account for 40% of
Adelaide’s VOCs (Ciuk 2002). CO, methane or other VOCs that arise from plants, trees and other
natural sources can also promote ozone production.

These chemical reactions do not take place instantaneously but over several hours or even days
depending on the VOCs and meteorological conditions. Once ozone has been produced, it may
persist for several days. Ozone measured at a particular location may therefore have arisen from
VOC and NOx emissions many kilometres away. Maximum concentrations of ozone generally
occur downwind of the source areas of the precursor pollutant emissions and in the warmer
months.

Particulate matter and total suspended particles

Health effects

PMy refers to particulate matter of less than 10 um aerodynamic diameter, PM5 to particulate
matter of less than 2.5 pm aerodynamic diameter and TSP to particles with a diameter of less than
about 50 um. Particulate air pollution is associated with a range of effects on human health
including respiratory and cardiovascular difficulties, asthma and mortality (Gehring et al. 2002;
Brunekreef and Holgate 2002; Woodruff et al. 1997).

The most applicable evidence relates daily average concentrations of particles to effects on health,
thus PM1o and PM> 5 are measured over 24 hours. The NEPM criterion for PMyo is 50 ng/m3 as a 24-
hour average. An advisory NEPM criterion has PM:s of 25 ng/m?3 for one day and 8 pg/m?3 as an
annual average (National Environment Protection Council 2003). The WHO guideline for TSP of
120 pg/m3 as a 24-hour average, is used as the criterion in this report.

Sources

Unlike individual gaseous pollutants that are single and well-defined substances, PMi particles in
the atmosphere comprise a wide range of materials from a variety of sources:

e coarse particles such as suspended soils and dusts, sea-salt

e biological particles

e particles from construction work

e smaller particles arising from combustion sources, mainly motor vehicles (in Adelaide motor
vehicles contribute approximately 11% of PMo (Ciuk 2002))

e particles, mainly sulfate and nitrate, formed by chemical reactions in the atmosphere.

The relative contribution of each source type varies from day to day, depending on meteorological
conditions and quantities of emissions from mobile and static sources. The first two particle types
listed (coarse and biological) constitute about 64% of particulate matter (Ciuk 2002).

Sulfur dioxide

Health effects

SO» causes constriction of the airways by stimulating nerves in the lining of the nose, throat and
airways of the lung; the constriction is particularly likely in those suffering from asthma or other

2 Biogenics —natural source emissions can make a significant contribution to total VOC.
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chronic lung disease (Devalia et al. 1996). High concentrations can also aggravate existing
cardiovascular disease (American Lung Association 2000).

The NEPM criterion is 0.20 ppm measured over a one-hour averaging period. This standard is
intended to reduce the exposure of the population, including individuals who may be particularly
sensitive to SO, to a level at which adverse health effects are unlikely to occur. A review of the
practicability of a 10-minute standard for sulfur dioxide has begun. An issues paper released for
public comment aimed to encourage discussion on the issues and give stakeholders a voice in the
review.

Sources

Motor vehicles contributed about 41% of the SO, in Adelaide in 2001 (Ciuk 2002) and about 53 %
came from industrial sources. A major source of SO, in Adelaide was removed with the
decommissioning of the refinery at Port Stanvac. Other major sources include: fossil fuel
combustion, particularly coal-burning power plants; and industrial processes such as wood
pulping, paper manufacture, metal refining and metal smelting, particularly from ores containing
sulfide. Many of these activities do not occur in the Adelaide airshed.

Other sources of SO, may include the manufacture of fumigants, use of food preservatives,
bleaches and wine making. Residual amounts can be ingested by eating preserved foods.
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METHODS

Up to mid-2002, ambient air quality was monitored mostly in the Adelaide region, the South East
region at Mount Gambier, and the Spencer region at Whyalla, Port Pirie and Port Augusta.
Figure 1 shows the locations of monitoring sites in Adelaide and Table 2 describes the air quality
parameters measured at each Adelaide site.
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Figure 1~ Ambient air quality sites in the Adelaide airshed

Air monitoring regions

Air pollutants measured at the Mount Gambier site (Figure 2) included NO», Os, SO, and PMj.
Lead is monitored at all Port Pirie sites (Figure 3), with PMyo particulates, NO>, and SO> monitored
at the Oliver Street site.

PMiois measured at the Whyalla (Figure 4) and Port Augusta (Figure 5) sites, and TSP at Whyalla.
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Table 2 Pollutants measured in the Adelaide airshed, showing site classifications*

Monitoring site co S02 NO2 03 Pb PM1o
Christies Beach Trend

Elizabeth Trend Campaign PMS PMS

Gawler Campaign Campaign Campaign
Gilles Plains PMS Discontinued
Hindley Street** Trend

Kensington Campaign Trend Trend Trend Trend
Netley Trend Trend Trend
Northfield Campaign Trend Trend Trend

Osborne Industrial
Parkside Trend

Port Adelaide Discontinued

Thebarton Discontinued Discontinued

*

* %

Sites are classified according to NEPM recommendations: a performance monitoring station (PMS) measures performance
against national standards and is intended to remain in place over at least five years; a trend station aims to reveal trends
over a set period, usually at least 10 years (thus also a PMS site); a campaign monitor is temporary (usually 12 months) to
determine if ongoing monitoring is necessary for that site; an industrial monitor is requested by the industry or required by
legislation These sites are all NEPM sites except for Oshorne and Port Adelaide, which are industry monitoring sites, and
Thebarton.

The ‘peak’ site at Hindley Street in the city is also a PMS site. It has been placed to measure the peak exposure of CBD workers,
visitors and residents (elevated levels of CO are generally found in areas of high traffic) and to measure the trend of that
exposure over a long period of time. This can be compared with community levels at Elizabeth.

1 Kilometees

Figure 2~ Ambient air quality (NEPM) site in Mount Gambier
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Figure 5 Ambient air quality (NEPM) site in Port Augusta

The use of descriptive statistics

A number of summary statistics are commonly used to describe ambient air quality. For all
pollutants, data were averaged so that direct comparisons could be made to the NEPM Standards
and other air quality guidelines. Data assessment is mainly driven by a focus on the occurrence, or
otherwise, of exceedences of thresholds (i.e. standards) set by legislation.

Summary statistics for gaseous pollutants include the number of annual exceedences of the NEPM
criteria, annual maximum, the 90th and 99th percentiles of each data set, and the percentage of
data availability (some data were removed through the validation process or lost because of
instrument failure and maintenance).

The 90th and 99th percentiles are used to determine the distribution of the data over the year in
relation to the NEPM criteria. For example, in 2003, the 90th percentile for CO in Hindley Street
was 3.6 ppm. This means that 90% of all measurements of CO taken through the year were lower
than or equal to 3.6 ppm and 10% of measurements were higher. The NEPM criterion for CO is

9.0 ppm. As the 99th percentile (5.1 ppm) is also well below this level, we conclude that the NEPM
criterion is only going to be exceeded very rarely (in substantially less than 1% of measurements)
or not at all at this site.

In this report, the percentage data recovery describes the number of samples taken in relation to
the potential number that could be taken over that year. This is generally calculated by counting
the number of useable (valid) one-hour averages (for gaseous pollutants). Reporting to NEPC
under the NEPM Standards requires stricter collection criteria (Environment Protection Agency
2001). Many sites described in this report began monitoring in September and October 2001, so the
number of results (data availability) are low for 2001.

10
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For PMy particles, averaged over 24 hours, the second and sixth highest measurements taken
throughout the year are also given. This statistic relates to the NEPM Goal, where in one year up to
five days may exceed the NEPM criterion of 50 ng/m3. Therefore, if the sixth highest concentration
is higher than 50 pg/m?3, then that site exceeds the NEPM Goal.

Many pollutants are averaged over either one hour or one day. Depending on standards and
guidelines, data may also be averaged for four hours, eight hours or over one year (see Table 1).
For particles, the median (or middle value) is also given to determine whether the data are skewed
(skewness is determined by the magnitude of the difference between the mean and the median
values). The maximum is defined in this report as the highest value recorded in a year and is
calculated from the averaged values (e.g. one-hour concentrations for SO5).

Air quality monitoring methods

The methods used to measure air quality parameters are summarised below. Different methods
are often used at different sites but their results are comparable.

Tapered element oscillating microbalance

The tapered element oscillating microbalance (TEOM) mass measurement system measures
continuous PMjo concentrations. It relies on an instrument that draws air through a filter at a
constant flow rate and constant temperature, continuously weighing the filter and continuously
calculating the mass concentration. Mass is determined from the measured change in frequency at
which the element attached to the filter is oscillating. The TEOM instrument uses an impacting
mechanism to separate particles and measures PMyg as an equivalent aerodynamic diameter.

Non-dispersive infrared

CO is measured using a non-dispersive infrared analyser, of the gas filter correlation type. A pre-
filtered air sample is drawn through a sample cell. Infrared radiation is passed through the sample
cell and a CO free reference cell. The detector measures the infrared light absorbed by CO in the
sample. By comparing the light intensity received by the detector through this cell with the cell
containing reference gas, the concentration of CO is determined.

High-volume particulate sampling

One-day averages of particulate matter as PMio and TSP are measured using high volume
samplers (HVSs). The sampler draws air through a filter paper in an evenly distributed pattern at a
known constant flow rate for 24 hours. The resulting increase in the weight of the filter paper is the
total airborne particulates in the air volume (flow rate x time). The flow rate is automatically
controlled to within +1 standard m3/hour. Collected particles on the filter are analysed for lead
(Australian Standard AS 2800) using a nitric acid extraction method. The HVS conforms to
Australian Standard AS 2724.3 and siting requirements AS 2922.

Chemiluminescence
At some sites NO, NO» and total NOx are measured using gas-phase chemiluminescence.
A sample of air is divided into two parts: Sample A and Sample B.

Sample A is passed over a heated catalyst to convert all the NO» it contains into NO. Then it is sent
to a reaction chamber where it is mixed with ozone. The ozone reacts with all the NO to produce
NO:; and light. The light is detected with a photomultiplier and represents all the NOx (i.e. NO +
NO,) that was in Sample A.

Sample B is sent directly to the reaction chamber and the light it emits represents only the NO in
that sample.

11
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If the light energy detected from Sample B is taken away from that of Sample A, the remaining
energy represents the amount of NO; in the original sample of air: NOx - NO = NO..

Fluorescence

SO, measurements rely on the excitation of the SO, molecule in the presence of ultraviolet light.
The SO; then emits photons of light as the molecule returns to its ground state (its lowest energy
state), which are measured in a photomultiplier. A hydrocarbon scrubbing system removes
interfering hydrocarbons before the ambient sample is measured.

Ultraviolet photometer

Ozone is measured by an ultraviolet photometric analyser. A filtered sample is drawn in through
the instrument. Ozone concentration is determined by measuring the reduction of the intensity of
ultraviolet light due to ozone in the air sample.

Air quality index

In addition to comparing pollutant concentrations with health criteria, an air quality index (AQI)
describes Adelaide’s air quality at each site that monitors pollutants continuously. In 2003 these
sites were Netley, Elizabeth and Kensington. A fourth site is being constructed at Port Noarlunga
(due to be operating in 2004). A site has recently been constructed at Port Pirie (Oliver Street) and
another is planned for Whyalla off Nicholson Avenue.

The index is a simple transformation of air pollutant monitoring data into a scale of five air quality
classifications (from very good to very poor). The index is calculated for any given pollutant as its
concentration expressed as a percentage of the relevant criterion.

Pollutant concentration
Air quality index = x 100
NEPM criterion

An index value of greater than 100 means the pollutant has exceeded the relevant air quality
criterion and is classified as poor.

To assess overall air quality at a particular monitoring station, the highest calculated index is taken
to be the AQI for that monitoring station as it represents the worst (or highest concentration) of the
pollutants measured. The site with the highest index is then used to summarise Adelaide’s air
quality.

The AQI is updated twice daily on the EPA’s web site (see www.epa.sa.gov.au/airindex) at 9.45 a.m.
and 5.45 p.m. Unlike the validated data in this report, which are used to analyse trends, the data
used to compile the daily AQI come directly from EPA air monitoring stations and are unchecked.

Table 3 describes each classification and the associated index ranges used in the assessment.

Table 3 Air quality index ranges

Category Index range and colour
Very poor air quality 150 or greater (black)
Poor air quality 100-149 (red)

Fair air quality 67-99 (yellow)
Good air quality 34-66 (green)
Very good air quality 0-33 (blue)

12
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Figure 6 is a map of Adelaide showing the air quality sites and the regions each site ‘represents’.

An assessment of Adelaide’s daily air quality in 2002, expressed in terms of the index, is described

at the end of the results section.

Legend

®  Monitoring Sites
Contours (metres)
100

Figure 6  Air quality index sites in the Adelaide metropolitan area

Note: The site at Noarlunga will be operational in 2004; boundaries based on local council areas

13
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RESULTS

Ambient air quality in Adelaide

Carbon monoxide

CO is measured at the NEPM site in Hindley Street in the Adelaide central business district
(Table 4), where monitoring began in 1988.

At Hindley Street in 2002, eight-hour averages of CO were within the range 0-7.2 ppm, below the
NEPM criterion of 9.0 ppm (eight-hour average). Since 1996, concentrations of CO have been
generally low; the last exceedences of the NEPM were in 1997 (Figure 8). The dramatic reduction in
the number of exceedences of the NEPM is attributed to improved traffic flow, and vehicle and
fuel standards. There were, again, no exceedences in 2003 (Figure 7), and a reduced range in the
eight-hour average to 0-6.0 ppm. The annual average in 2002 was 1.8 ppm. The mean eight-hour
average for 2003 was 1.2 ppm, well below the NEPM criterion.

In 2002 monitoring for CO began at Elizabeth (Table 5, Figure 9).

Table 4  Carbon monoxide statistics at Hindley Street Adelaide, 1988-2003

Year Number of exceedences of 8-hour Maximum 90th 99th Data
NEPM criterion for CO (9.0 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
1988 71 14.6 5.6 9.3 72
1989 100 12.7 5.4 9.2 100
1990 140 37.5 5.5 9.8 100
1991 74 14.4 4.9 8.8 97
1992 44 12.7 4.3 8.2 96
1993 39 12.6 4.5 8.0 100
1994 109 16.2 5.0 9.4 93
1995 41 12.2 3.9 7.6 86
1996 0 8.4 4.0 7.0 95
1997 2 9.3 3.4 6.1 49
1998 0 8.3 2.7 5.7 57
1999 0 7.1 2.4 4.7 51
2000 0 7.0 3.1 5.1 100
2001 0 7.1 2.9 4.8 80
2002 0 7.2 3.0 4.7 95
2003 0 6.0 2.4 4.0 85

Table 5 Carbon monoxide statistics at Elizabeth, 2002-July 2003

Year Number of exceedences of 8-hour Maximum 90th 99th percentile Data recovery
NEPM criterion for CO (9.0 ppm)  concentration (ppm) percentile (ppm) (%)
(ppm)
2002 0 0.9 0.1 0.4 84
2003 0 1.4 0.1 0.5 92
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Figure 7 Maximum daily eight-hour averaged data for CO at Hindley Street, 2003
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Figure 8 Number of exceedences of eight-hour NEPM criterion for CO at Hindley Street
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Figure 9  Maximum daily eight-hour averaged data for CO at Elizabeth, 2003

Sulfur dioxide

SO; has been measured at Christies Beach since 1992, in order to monitor air quality near the oil
refinery (decommissioned in July 2003). In 2002 monitoring for SO; started at Elizabeth (May),
Kensington (August) and Northfield (October). In 2004 monitoring will begin at Port Noarlunga
and Hope Valley.

At Christies Beach in 2003, one-hour averages of SO, were within the range 0-0.0.059 ppm

(Table 6), with an average for the year of 0.0001 ppm. As shown in Figure 10, there were no
exceedences of the NEPM criterion (0.20 ppm as a one-hour average) recorded in 2003. Similarly,
no exceedences have been measured for either the one-day (0.08 ppm) or yearly (0.02 ppm) NEPM
criteria. All exceedences are directly attributed to plant failure at the refinery and specifically to the
sulfur recovery plant failure in 1996 (Figure 11). The maximum concentration recorded in 2003
(0.059 ppm, 74% lower than the previous year), could be attributed to the closure of the refinery in

July.

Table 6  Sulfur dioxide statistics at Christies Beach, 1992-2003

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for SO2 (0.20 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
1992 0 0.188 0.003 0.053 97
1993 7 0.319 0.002 0.038 96
1994 0 0.187 0.002 0.060 97
1995 8 0.349 0.002 0.065 98
1996 12 0.479 0.003 0.053 88
1997 0 0.134 0.002 0.033 75
1998 0 0.105 0.005 0.018 97
1999 0 0.076 0.003 0.024 86
2000 0 0.057 0.003 0.014 30
2001 0 0.098 0.000 0.014 51
2002 1 0.225 0.003 0.049 62
2003 0 0.059 0.001 0.006 84
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Figure 10 Maximum daily one-hour averaged SO, at Christies Beach, 2003
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Figure 11 Number of exceedences of one-hour NEPM criterion for SO, at Christies Beach

At Elizabeth, in 2002, one-hour averages of SO, were within the range 0-0.013 ppm, with an
average for the year (from May) of 0.002 ppm (Table 7). There were no exceedences of the NEPM
criterion (0.20 ppm as a one-hour average) and thus no exceedences of either the one-day

(0.08 ppm) or yearly (0.02 ppm) NEPM criterion for that period. There were also no exceedences in
2003 when the yearly average was 0.001 ppm.
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Table 7 Sulfur dioxide statistics at Elizabeth, May 2002-December 2003

Year Number of exceedences of Maximum concentration 90th 99th Data
1-hour NEPM criterion for SO2 (ppm) percentile percentile recovery (%)
(0.20 ppm) (ppm) (ppm)
2002 0 0.013 0.004 0.006 48
2003 0 0.032 0.002 0.004 96

One-hour averages of SOz at Northfield from October to December 2002 were within the range
0-0.039 ppm (Table 8), with an average for the period of 0.002 ppm. There were no exceedences of
the hourly NEPM criterion (0.20 ppm) and no exceedences of the daily NEPM criterion (0.08 ppm)
for that period. There were also no exceedences in 2003 when the annual average was 0.001 ppm.

Table 8  Sulfur dioxide statistics at Northfield, October 2002-December 2003

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for SO2 (0.20 ppm) concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2002 0 0.039 0.005 0.024 16
2003 0 0.009 0.002 0.004 95

One-hour averages of SO, at Kensington from August 2002 were within the range 0-0.019 ppm
(Table 9), with an average for the period of 0.003 ppm. There were no exceedences of the NEPM
criterion (0.20 ppm as a one-hour average) and no exceedences of the daily NEPM criterion
(0.08 ppm) for that period. The one-hour average for 2003 was 0.002 ppm.

Table 9  Sulfur dioxide statistics at Kensington, August 2002-December 2003

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for SO2 (0.20 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2002 0 0.019 0.005 0.007 37
2003 0 0.045 0.005 0.014 87

Nitrogen dioxide

NO: monitoring began in 1979 at Northfield, in 1988 at Netley and in October 2001 at Kensington.
Data from 1997 to 2000 have been deemed unreliable and were not considered in this analysis.
Monitoring resumed in 2001 in September and October, hence the low data recovery for that year.

In 2002 monitoring for NOz began at Elizabeth and Gawler. Monitoring will also begin in 2004 at
Port Noarlunga.

In 2003, averages for the year were 0.007 ppm for Northfield, 0.008 ppm for Netley and 0.005 ppm
at Kensington, all below the NEPM criterion of 0.03 ppm for a one-year average (Tables 10-12). All
concentrations are well below the NEPM criterion of 0.12 ppm as a one-hour average (Figures 12
and 13). Exceedences of NO; at Netley in 1988, 1989 and 1990 were mostly attributed to the power
station at Dry Creek with wind transporting the NO: to Netley.

Monitoring for NO: at Gawler and Elizabeth began in January 2002. The averages over that year —
0.004 ppm (Gawler) and 0.005 ppm (Elizabeth) — did not exceed the one-year NEPM criterion
(0.03 ppm). All concentrations were well below the NEPM criterion of 0.12 ppm as a one-hour
average with ranges of 0-0.05 ppm (Tables 13 and 14). The one-hour average over the year 2003
was 0.003 ppm for Gawler and 0.004 ppm for Elizabeth, again well below the NEPM criterion.
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Maximum daily one-hour averaged data for NO, at Northfield, 2003

Table 10 Nitrogen dioxide statistics at Northfield, 1979-2003

0.047
an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Year Number of exceedences of 1-hour Maximum 90th percentile 99th percentile Data recovery
NEPM criterion for NOz (0.12 ppm)  concentration (ppm) (ppm) (ppm) (%)
1979 0 0.086 0.016 0.034 40
1980 12 0.380 0.040 0.085 41
1981 0 0.080 0.015 0.030 37
1982 0.100 0.020 0.051 86
1983 0 0.068 0.020 0.036 93
1984 52 0.276 0.022 0.094 92
1985 0 0.086 0.022 0.035 88
1986 0 0.085 0.018 0.032 77
1987 0 0.063 0.022 0.039 91
1988 0 0.110 0.021 0.048 90
1989 0 0.046 0.014 0.028 94
1990 5 0.198 0.012 0.028 90
1991 0 0.080 0.006 0.010 92
1992 0 0.056 0.010 0.024 95
1993 0 0.076 0.022 0.038 95
1994 0 0.061 0.023 0.033 69
1995 0 0.024 0.006 0.013 96
1996 0 0.060 0.019 0.029 82
1997 No data available
1998 No data available
1999 No data available
2000 No data available
2001 0.027 0.008 0.016 17
2002 0.047 0.017 0.027 94
2003 0.039 0.017 0.027 95
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Table 11 Nitrogen dioxide statistics at Netley, 1988-2003

Year Number of exceedences of 1-hour Maximum 90th percentile 99th percentile Data recovery
NEPM criterion for NO2 (0.12 ppm)  concentration (ppm) (ppm) (ppm) (%)
1988 5 0.196 0.030 0.082 11
1989 35 0.220 0.040 0.072 96
1990 1 0.130 0.024 0.048 91
1991 0 0.080 0.024 0.036 97
1992 0 0.071 0.022 0.034 100
1993 0 0.063 0.022 0.035 93
1994 0 0.050 0.020 0.030 90
1995 0 0.087 0.019 0.035 98
1996 0 0.083 0.024 0.037 95
1997 No data available
1998 No data available
1999 No data available
2000 No data available
2001 0 0.052 0.017 0.029 12
2002 0 0.050 0.022 0.032 86
2003 0 0.039 0.021 0.029 97
Table 12 Nitrogen dioxide statistics at Kensington, 2001-2003
Year Number of exceedences of 1-hour Maximum 90th percentile 99th percentile Data
NEPM criterion for NO2 (0.12 ppm)  concentration (ppm) (ppm) (ppm) recovery (%)
2001 0 0.027 0.007 0.016 27
2002 0 0.041 0.013 0.024 94
2003 0 0.040 0.013 0.023 97
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Figure 13 Maximum daily one-hour averaged data for NO, at Kensington, 2003
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Monitoring for NO; at Gawler and Elizabeth began in January 2002. The average over that year —
0.004 ppm (Gawler) and 0.005 ppm (Elizabeth) — did not exceed the one-year NEPM criterion
(0.03 ppm). All concentrations were well below the NEPM criterion of 0.12 ppm as a one-hour
average with ranges of 0-0.05 ppm (Tables 13 and 14). The one-hour average over the year 2003
was 0.003 ppm for Gawler and 0.004 ppm for Elizabeth, again well below the NEPM criterion.

Table 13 Nitrogen dioxide statistics at Gawler, 2002-2003

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for NO2 (0.12 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2002 0 0.050 0.010 0.025 92
2003 0 0.036 0.007 0.018 97

Table 14 Nitrogen dioxide statistics at Elizabeth, 2002-2003

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for NO2 (0.12 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2002 0 0.040 0.012 0.025 94
2003 0 0.043 0.010 0.021 97
Ozone

Ozone monitoring began at Northfield in 1979 (Table 15), Netley in 1988 (Table 16), Kensington
during 2001 (Table 17), and Elizabeth and Gawler in 2002. In 2004 monitoring will also begin at
Port Noarlunga. Northfield and Netley data from 1997 to 2000 have been deemed unreliable and
were not considered in this analysis. Monitoring resumed in 2001 in September and October, hence
the low data recovery for that year.

In 2002, one-hour averages of ozone at three sites were within the range 0-0.087 ppm, with an
average for the year of 0.017 ppm at Netley, 0.002 ppm at Kensington and 0.019 ppm at Northfield,
all well below the NEPM criterion of 0.10 ppm as a one-hour average. There were no exceedences
of the four-hour (0.08 ppm) NEPM criterion.

In 2003, one-hour averages of ozone at three sites were within the range 0-0.074 ppm, with an
average for the year of 0.017 ppm at Netley (Figure 14), 0.022 ppm at Kensington (Figure 15) and
0.020 ppm at Northfield. Ozone did not exceed the NEPM criterion at these sites.
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Table 15 0zone statistics at Northfield, 1979-2003

Year Number of exceedences of 1-hour Maximum 90th percentile 99th percentile Data recovery
NEPM criterion for 03 (0.10 ppm)  concentration (ppm) (ppm) (ppm) (%)
1979 4 0.113 0.033 0.066 49
1980 2 0.108 0.035 0.050 68
1981 5 0.125 0.035 0.065 36
1982 1 0.102 0.029 0.059 83
1983 2 0.109 0.029 0.050 93
1984 0 0.082 0.028 0.041 92
1985 0 0.091 0.026 0.047 92
1986 1 0.117 0.026 0.043 91
1987 0 0.082 0.025 0.041 89
1988 0 0.097 0.027 0.042 83
1989 0 0.092 0.028 0.044 88
1990 0 0.076 0.025 0.040 89
1991 0 0.064 0.024 0.040 91
1992 0 0.068 0.024 0.036 94
1993 0 0.078 0.029 0.040 94
1994 0 0.068 0.025 0.042 69
1995 0 0.064 0.022 0.031 96
1996 0 0.080 0.032 0.039 85
1997 No data available
1998 No data available
1999 No data available
2000 No data available
2001 0 0.040 0.026 0.034 16
2002 0 0.080 0.030 0.042 98
2003 0 0.068 0.030 0.045 97
Number of exceedences of 4-hour
NEPM criterion for 03 (0.08 ppm)
2001 0 0.035 0.026 0.031 16
2002 0 0.064 0.029 0.040 99
2003 0 0.061 0.030 0.043 100
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Table 16 0Ozone statistics at Netley, 1988-2003

Year Number of exceedences of 1-hour Maximum 90th percentile 99th percentile Data recovery
NEPM criterion for 03 (0.10 ppm)  concentration (ppm) (ppm) (ppm) (%)
1988 0 0.056 0.028 0.044 9
1989 0 0.080 0.024 0.036 93
1990 0 0.072 0.024 0.040 98
1991 0 0.054 0.020 0.031 91
1992 0 0.056 0.025 0.037 95
1993 0 0.083 0.028 0.060 93
1994 0 0.060 0.020 0.036 79
1995 0 0.072 0.029 0.040 66
1996 0 0.080 0.020 0.039 65
1997 No data available
1998 No data available
1999 No data available
2000 No data available
2001 0 0.044 0.027 0.035 26
2002 0 0.087 0.029 0.039 98
2003 0 0.069 0.029 0.043 97

Number of exceedences of 4-hour
NEPM criterion for 03 (0.08 ppm)

2001 0 0.037 0.027 0.034 26
2002 0 0.071 0.028 0.037 98
2003 0 0.060 0.029 0.041 99
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Figure 14 Maximum daily one-hour averaged data for ozone at Netley, 2003
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Table 17 0Ozone statistics at Kensington, 2001-2003

Year Number of exceedences of 1-hour Maximum 90th percentile  99th percentile Data
NEPM criterion for 03 (0.10 ppm)  concentration (ppm) (ppm) (ppm) recovery (%)
2001 0 0.048 0.030 0.037 28
2002 0 0.086 0.031 0.043 96
2003 0 0.074 0.032 0.047 97
Number of exceedences of 4-hour
NEPM criterion for 03 (0.08 ppm)
2001 0 0.048 0.030 0.037 28
2002 0 0.073 0.031 0.041 96
2003 0 0.071 0.031 0.046 99
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Figure 15 Maximum daily one-hour averaged data for ozone at Kensington, 2003

Daily maxima of one-hour averaged ozone concentrations measured at Kensington in 2003
(Figure 15) show how ozone concentrations varied throughout the year. The availability of ozone
precursors and increased levels of sunlight mean that more ozone is produced in summer months.

Monitoring for ozone at Elizabeth and Gawler began in January 2002. One-hour averaged
concentrations at Elizabeth did not exceed the NEPM criterion, with a range of 0-0.072 ppm
(Table 18, Figure 16). There were no exceedences of the NEPM criterion at Gawler, the range being
0-0.056 ppm (Table 19). The average over the year was 0.014 ppm at Elizabeth and 0.021 ppm at
Gawler; neither exceeded the one-year NEPM criterion (0.03 ppm). In 2003 the average was

0.022 ppm at Elizabeth and also 0.022 ppm at Gawler.
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Table 18 0zone statistics at Elizabeth, 2002-2003

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for 03 (0.10 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2002 0 0.072 0.031 0.042 95
2003 0 0.077 0.031 0.046 97
Number of exceedences of 4-hour
NEPM criterion for 03 (0.08 ppm)
2002 0 0.057 0.030 0.038 96
2003 0 0.063 0.031 0.046 99
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Figure 16 Maximum daily one-hour averaged data for ozone at Elizabeth, 2003
Table 19 Ozone statistics at Gawler, 2002-2003
Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for 03 (0.10 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2002 0 0.056 0.030 0.040 96
2003 0 0.078 0.031 0.046 98
Number of exceedences of 4-hour
NEPM criterion for 03 (0.08 ppm)
2002 0 0.050 0.030 0.038 96
2003 0 0.069 0.030 0.045 100
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Particulate matter (PM,,)

PMio monitoring began at Netley during 2001, using the TEOM method?. In 2002 monitoring for
PMio using TEOMs began at Kensington and Gawler. PMjo monitoring is also conducted using
HVS at Osborne and, previously, at Thebarton and Gilles Plains.

One-day averaged concentrations of PMjo at Thebarton did not exceed the NEPM criterion of

50 pg/m3 during 2002. At Gilles Plains there were two exceedences of the NEPM criterion and at
Netley and Kensington one exceedence. All Adelaide exceedences of the NEPM criterion in 2002
occurred during the two days of dust storms, 8 and 11 July. During the worst, on 11 July, the daily
average PMy levels recorded at Kensington (104 pg/m3) and Netley (79 pg/m3) were well in
excess of the NEPM criterion. The daily average PMjolevel recorded at Gawler on the same day
was 51 pg/m?3. The AQI on this day described air quality as very poor.

The PM;o monitoring site at Thebarton was constructed in 1993 to determine impacts of particles
and lead next to a major roadway, and the source of particles measured here was mostly motor
vehicles. No exceedences of the NEPM criterion were recorded after 1999 (Table 20) and the site
was decommissioned in 2003.

Table 20 Particulate matter (PM10) HVS statistics at Thebarton, 1993-2002

Year Number of exceedences Mean Median Highest 2nd 6th 90th Number of
of daily NEPM criterion  (pg/m®)  (ug/m®)  (ug/m?) highest highest  percentile samples
for PM1o (50 pg/m’) (vg/m’)  (ug/m’)  (ng/m’)
1993 0 27 29 46 43 37 37 61
1994 1 25 25 62 42 35 36 43
1995 2 25 23 82 62 37 37 61
1996 5 27 24 66 57 44 44 53
1997 2 27 24 61 57 41 40 56
1998 2 23 21 68 58 34 33 59
1999 5 36 28 295 117 47 47 57
2000 0 25 22 41 39 33 34 42
2001 0 18 17 31 25 21 25 21
2002 0 24 23 46 42 38 36 58

The exceedences shown in Figure 17 occurred during periods when a neighbouring school was
being constructed and when the intersection of South and Henley Beach roads was being re-
aligned, restricting traffic over a considerable period of time.

3 Data presented in this report measured using the TEOM are not corrected for HVS equivalency.
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Figure 17 Number of PM,, NEPM criterion exceedences from peak site at Thebarton

Sampling for PMjo ceased at Gilles Plains in October 2002. In July 2002 there were two exceedences
of the NEPM criterion (Table 21), both caused by the dust storms driven by strong westerly winds.

Table 21 Particulate matter (PM,,) HVS statistics at Gilles Plains, 1995-2002

Year Number of exceedences Mean Median Highest 2nd 6th 90th Number of
of daily NEPM criterion  (ug/m®)  (pug/m’)  (pg/m®)  highest  highest  percentile samples
for PM1o (50 pg/m’) (ng/m®)  (ng/m’)  (pg/m’)
1995 1 22 21 61 37 30 29 59
1996 2 25 23 56 54 34 33 58
1997 2 28 27 68 55 38 38 58
1998 2 27 24 59 51 39 39 60
1999 2 26 25 92 67 38 38 56
2000 0 21 22 46 41 34 35 39
2001 1 20 16 76 25 18 23 15
2002 2 23 22 54 54 33 33 50

PMio monitoring at Netley began in September 2001 (Table 22). In July 2002 there was one
exceedence of the NEPM criterion caused by the July dust storm. In 2003 there were six
exceedences of the NEPM criterion (Figure 18). The highest, on 11 July 2003, was from another
dust storm, from the west of the Netley station. The others are of uncertain origin.

Table 22 Particulate matter (PM,,) TEOM statistics at Netley, September 2001-2003

Year Number of exceedences Mean Median Highest 2nd 6th 90th Data
of daily NEPM criterion  (pug/m®)  (ug/m®)  (pg/m®)  highest  highest  percentile recovery
for PMuo (50 pg/m’) (ng/m’)  (pg/m’)  (pg/m’) (%)
2001 0 13 13 31 23 22 18 33
2002 1 20 19 79 45 43 28 100
2003 6 20 18 119 65 52 29 97
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Figure 18  Daily averaged PM,, at Netley, 2003

PMio monitoring at Kensington began in June 2002. In July 2002 there was one exceedence of the
NEPM criterion, on 11 July, caused by the dust storm and, in 2003, the major exceedence was from
another dust storm, also on 11 July (Table 23 and Figure 19).

Table 23 Particulate matter (PM,,) TEOM statistics at Kensington, June 2002-December 2003

Year Number of exceedences Mean Median Highest 2nd 6th highest 90th Data
of daily NEPM criterion  (ug/m®)  (pg/m®)  (ug/m?®)  highest (ng/m3) percentile  recovery
for PMwo (50 pg/m’) (ng/m°) (ng/m?°) (%)
2002 1 15 14 104 36 26 22 47
2003 2 15 13 86 53 39 21 89
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Figure 19 Daily averaged PM,, at Kensington, 2003
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PM;io monitoring at Gawler began in June 2002 and continued to 31 December 2003 (Table 24 and

Figure 20).

Table 24 Particulate matter (PM,,) TEOM statistics at Gawler, June 2002-July 2003

Year Number of exceedences Mean Median Highest 2nd 6th 90th Data
of daily NEPM criterion  (ug/m®)  (pg/m®)  (ug/m?)  highest highest percentile recovery
for PMuo (50 pg/m’) (vg/m’)  (png/m’)  (pg/m’) (%)
2002 1 17 15 51 49 39 27 50
2003 3 15 13 52 52 45 24 98
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Figure 20 Daily averaged PM,, at Gawler, 2003

Current PM;o monitoring at Osborne (Table 25) aims to determine the air pollution impact that a
cement manufacturing plant has on the surrounding residential area. As the monitor is located on
the boundary of the plant, data are not formally compared with the NEPM criteria. Even so, the
NEPM goal of no more than five days per year over 50 pg/m3 has not been exceeded since 1999

when there were six daily exceedences.
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Table 25 Particulate matter (PM,,) HVS statistics at Osborne, 1988-2003

Year Number of exceedences Mean Median Highest 2nd 6th 90th Number
of daily NEPM criterion  (pg/m®)  (ug/m®)  (pg/m®)  highest highest percentile of

for PMu (50 pg/m’) (ng/m’)  (ng/m’) (ng/m’)  samples
1988 0 13 11 30 25 19 23 31
1989 1 21 19 58 50 36 35 59
1990 5 27 19 211 60 49 49 57
1991 6 23 16 78 78 52 50 54
1992 4 21 15 62 61 45 45 52
1993 5 24 15 83 80 50 50 48
1994 6 22 19 83 80 57 42 100
1995 2 18 14 93 64 31 31 51
1996 1 18 14 84 46 40 40 51
1997 3 25 23 94 69 43 43 56
1998 6 25 21 99 87 53 51 56
1999 6 28 22 99 94 55 53 54
2000 3 24 21 90 66 43 43 43
2001 1 14 12 53 22 16 21 23
2002 0 19 17 41 33 27 32 31
2003 3 25 21 60 58 44 45 45

Particulate matter (PM,)

Monitoring for smaller particles, with an equivalent aerodynamic diameter of up to 2.5 um, began
at Netley in 2001 and Kensington in June 2002 (Tables 26 and 27). The Netley site is continuing but
the Kensington site ran for a period of time and the unit was then moved to Elizabeth to monitor
PMy in line with the Ambient air quality monitoring plan for South Australia (Environment Protection
Agency 2001).

Table 26 Particulate matter (PM, ;) data for Netley, September 2001-2003

Year Mean Median Highest 2nd highest 6th highest  90th percentile = Data recovery
(vg/m°) (ng/m’) (wg/m°) (wg/m°) (ng/m’) (ng/m°) (%)

2001 7 6 11 11 10 9 32

2002 9 9 25 20 17 13 99

2003 9 8 28 26 20 12 98

The NEPM criteria for PM»5is 25 ug/m?3 for one day and 8 pug/m?3 for one year. The yearly
averages at Netley site of 9 ug/m?3 in both 2002 and 2003, exceed the annual criterion. The yearly
average at Kensington for 2003 was 7 pug/m?.

The 2003 maximum for Netley of 28 ug/m? occurred on 11 July, the day of the dust storm. Netley
recorded two one-hour averaged concentrations of PMio between 800 pg/m3 and 1500 pg/m3 in
the afternoon of that day. The corresponding values for PMs were between 150 ug/m3 and

250 pg/m3. The low ratio of PM»5to PMig suggests that the particles are windblown soil (i.e.
sourced from the land, including particles rich in silicon and aluminium).
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Table 27 Particulate matter (PM,;) data for Kensington, 2002-2003

Year Mean Median Highest 2nd highest 6th highest  90th percentile = Data recovery
(ng/m*) (ng/m’) (ng/m*) (ng/m*) (ng/m’) (ng/m’) (%)
2002 8 7 39 33 20 10 60
2003 7 7 22 18 16 10 88
Lead

Total suspended particulate lead was measured at Thebarton (Table 28 and Figure 21), Northfield
(Table 29 and Figure 22), Gilles Plains (Table 30 and Figure 23), Kensington (Table 31) and
Parkside (by HVS; Table 32 and Figure 24). Monitoring from Port Adelaide was discontinued in
2001 due to site redevelopment (Table 33 and Figure 25). The Port Adelaide, Thebarton, Parkside
and Gilles Plains sites were located directly adjacent to major arterial roads. The Kensington and
Northfield sites were located approximately 100 metres from the nearest arterial road. Although
data are available from most sites from 1981 (see Figure 26), most sites’ statistics were only
calculated from 1995, when the EPA was created.

Ambient lead concentrations in air have been steadily falling since monitoring began in the early
1990s. This can be attributed to the introduction of unleaded petrol in 1986 and its progressive use.
In 2001, concentrations were negligible and at Northfield and Kensington averaged daily
concentrations were zero. Other sites were also well below the NEPM criterion of 0.5 ug/m3 as an
annual average. The NEPM criterion was last exceeded in 1996 at Gilles Plains.

Table 28 Lead (TSP Pb) statistics at Thebarton, 1993-2002

Year Mean Median Highest 2nd highest 90th percentile Number of
(ug/m*) (ug/m*) (wg/m°) (vg/m°) (vg/m°) samples
1993 1.58 1.54 3.42 2.97 2.39 59
1994 0.99 0.95 2.08 1.91 1.64 43
1995 0.48 0.45 0.94 0.93 0.80 61
1996 0.41 0.39 0.85 0.79 0.64 57
1997 0.35 0.34 0.69 0.63 0.53 58
1998 0.27 0.29 0.61 0.55 0.36 59
1999 0.23 0.21 0.48 0.46 0.34 56
2000 0.20 0.17 0.68 0.39 0.30 41
2001 0.03 0.02 0.04 0.04 0.04 21
2002 0.02 0.02 0.06 0.06 0.03 58
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Figure 21 Daily averaged lead at Thebarton, 2002

Table 29 Lead (TSP Pb) statistics at Northfield, 1995-2002

Year Mean Median Highest 2nd highest 90th percentile Number of
(ng/m’) (ng/m’) (ng/m’) (ng/m’) (ng/m’) samples
1995 0.07 0.05 0.50 0.14 0.12 31
1996 0.06 0.04 0.18 0.17 0.13 60
1997 0.05 0.04 0.20 0.11 0.09 60
1998 0.05 0.03 0.18 0.17 0.12 59
1999 0.03 0.03 0.10 0.08 0.07 57
2000 0.04 0.03 0.15 0.09 0.07 41
2001 0.005 0.004 0.02 0.02 0.01 25
2002 0.004 0.001 0.02 0.02 0.01 57
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Figure 22 Daily averaged lead at Northfield, 2002

Table 30 Lead (TSP Pb) statistics at Gilles Plains, 1995-2002

Year Mean Median Highest 2nd highest 90th percentile Number of
(ng/m’) (ng/m’) (ng/m’) (ng/m’) (ng/m’) samples
1995 0.65 0.60 1.24 1.23 1.02 59
1996 0.57 0.54 1.20 1.12 0.84 57
1997 0.43 0.40 0.88 0.81 0.64 59
1998 0.37 0.37 0.70 0.66 0.56 60
1999 0.26 0.25 0.52 0.48 0.39 56
2000 0.22 0.22 0.47 0.44 0.35 41
2001 0.03 0.03 0.08 0.05 0.05 20
2002 0.02 0.02 0.05 0.04 0.03 49
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Figure 23 Daily averaged lead at Gilles Plains, 2002
Table 31 Lead (TSP Pb) statistics at Kensington, 1995-2002
Year Mean Median Highest 2nd highest 90th percentile Number of
(ng/m’) (ng/m’) (ng/m’) (ng/m?) (ng/m’) samples
1995 0.05 0.04 0.14 0.12 0.09 56
1996 0.04 0.04 0.13 0.12 0.09 57
1997 0.03 0.03 0.10 0.07 0.06 49
1998 0.03 0.03 0.10 0.07 0.06 59
1999 0.02 0.02 0.06 0.05 0.05 59
2000 0.02 0.02 0.06 0.05 0.04 36
2001 0.002 0.0005 0.01 0.01 0.01 19
2002 0.0003 0.0 0.01 0.01 0.007 59
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Table 32 Lead (TSP Pb) statistics at Parkside, 1995- June 2003

Year Mean Median Highest 2nd highest 90th percentile Number of
(hg/m°) (ng/m?°) (ng/m’) (ng/m’) (ng/m’) samples
1995 0.20 0.15 0.61 0.54 0.40 44
1996 0.18 0.12 0.68 0.54 0.37 60
1997 0.15 0.12 0.34 0.33 0.27 57
1998 0.12 0.10 0.31 0.29 0.22 59
1999 0.10 0.09 0.27 0.24 0.18 55
2000 0.10 0.07 0.35 0.24 0.17 38
2001 0.01 0.01 0.06 0.04 0.03 31
2002 0.01 0.01 0.03 0.03 0.02 59
2003 0.006 0.005 0.018 0.017 0.013 27
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Figure 24 Daily averaged lead at Parkside, 2002
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Table 33 Lead (TSP Pb) statistics at Port Adelaide, 1981-2001

Year Mean Median Highest 2nd highest 90th percentile Number of
(ng/m’) (ng/m’) (ng/m’) (ng/m’) (ng/m’) samples
1981 1.74 1.64 3.88 3.27 2.55 58
1982 2.09 2.08 5.10 4.30 3.03 54
1983 1.24 1.14 5.59 2.56 1.88 46
1984 1.37 1.44 2.74 2.66 2.28 58
1985 1.18 1.13 2.42 2.40 2.03 60
1986 1.24 1.22 2.40 2.35 2.06 55
1987 0.88 0.79 2.81 2.31 1.64 59
1988 1.30 1.22 3.49 2.47 1.94 59
1989 1.07 1.11 2.29 2.06 1.58 60
1990 0.89 0.77 2.60 2.41 1.47 61
1991 0.92 0.87 2.35 2.23 1.63 56
1992 0.86 0.88 2.15 1.79 1.52 58
1993 0.84 0.84 1.82 1.81 1.40 60
1994 0.51 0.43 1.37 1.18 0.80 61
1995 0.27 0.28 0.57 0.51 0.43 59
1996 0.21 0.19 0.63 0.49 0.35 57
1997 0.16 0.15 0.34 0.34 0.26 58
1998 0.14 0.13 0.34 0.31 0.22 59
1999 0.12 0.11 0.28 0.26 0.21 60
2000 0.10 0.08 0.46 0.24 0.19 57
2001 0.04 0.03 0.15 0.06 0.05 24

The long-term downward trend in lead at Port Adelaide (Figure 25), and the dramatic fall in
annual air lead concentrations for all sites using HVS (Figure 26), compared with the annual
NEPM criterion for lead (0.5 pg/m?3), results from the introduction of unleaded petrol in 1986 and
the banning of lead in fuel altogether in 2000. As a result of this trend, lead monitoring in Adelaide
was stopped in 2003 (see www.environment.sa.gov.au/epa/pdfs/lead_aq_report.pdf).
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Figure 25 Trend of lead concentrations at Port Adelaide since 1995 (LRP—lead replacement petrol)
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Ambient air quality in Mount Gambier

Monitoring for most pollutants began in September 2001 at Frew Park, Mount Gambier (a NEPM
site). As the data recovery is expressed as an annual fraction, the percentage recovery quoted is
low. However, over the three months of monitoring in 2001, only a small percentage of data was
actually removed in the validation process. Thus, for the period of monitoring, data recovery was
high. Measurements of particles (TEOM) began in October 2000 and the site was decommissioned
in September 2002. The EPA has published a separate report describing ambient, and two hotspot,
air quality sites within Mount Gambier, indicating its concern about particle concentrations in the
region (Adeeb 2003).

Monitoring site and industry in Mount Gambier

Mount Gambier has a population of about 24,000 and is situated 460 km south-east of Adelaide
(37°50" S, 140° 45" E). Major EPA licensed industry in Mount Gambier includes wood processing
and preservation, and fuel burning. Two such industries, and all other EPA licensed premises (in
grey), are identified in Figure 27.

Note: EPA licensed premises highlighted in grey

!

Figure 27 Map of the Mount Gambier monitoring site and location of
EPA licensed industry

Nitrogen dioxide

During the monitoring period, one-hour averages of NO, at Mount Gambier were within the range
0-0.038 ppm (Table 34), with an annual average for 2001 and 2002 of 0.004 ppm and 0.001 ppm
respectively, well below the NEPM criterion of 0.12 ppm. Averages did not exceed the one-year
NEPM criterion (0.03 ppm). Monitoring ceased in September 2002.
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Table 34 Nitrogen dioxide statistics at Mount Gambier, 2001-2002

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for NO: (0.12 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2001 0 0.025 0.008 0.019 32
2002 0 0.038 0.014 0.024 65
Ozone

In the monitoring period, one-hour averages of ozone at Mount Gambier were within the range
0-0.044 ppm (Table 35), with yearly averages of 0.018 ppm (2001) and 0.015 ppm (2002). These
concentrations are well below the NEPM criterion of 0.10 ppm as a one-hour average. There were
also no exceedences of the four-hour NEPM criterion (0.08 ppm).

Table 35 0zone statistics at Mount Gambier, 2001-2002

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for 0; (0.10 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2001 0 0.035 0.026 0.031 33
2002 0 0.044 0.026 0.033 67

Number of exceedences of 4-hour
NEPM criterion for 0s (0.08 ppm)

2001 0 0.033 0.026 0.030 33
2002 0 0.042 0.025 0.031 67

Sulfur dioxide

In the monitoring period, one-hour averages of SO, were within the range 0-0.012 ppm (Table 36),
with an average for both years of 0.001 ppm, well below the NEPM criterion of 0.20 ppm as a one-
hour average. No exceedences were measured for the one-day NEPM criterion (0.08 ppm). The
average of 0.0014 ppm for the 12-month period September 2001 to August 2002 is below the NEPM
yearly criterion of 0.02 ppm.

Table 36 Sulfur dioxide statistics at Mount Gambier, 2001-2002

Year Number of exceedences of 1-hour Maximum 90th 99th Data
NEPM criterion for SO2 (0.20 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2001 0 0.007 0.003 0.006 29
2002 0 0.012 0.004 0.007 47

Particulate matter

Particles at Mount Gambier were continuously measured by TEOM from October 2000 to
September 2002. The data presented for particles measured by TEOM below were not adjusted to
HVS method equivalents — the measurement method by which the NEPM criterion was compared
in a recent EPA report that gave a comprehensive seasonal evaluation of air quality in Mount
Gambier (Environment Protection Authority 2003). The report showed that when TEOM
measurements were adjusted so that data could be deemed equivalent to HVS data, the number of
exceedences of the NEPM criterion increased.
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One-day averaged concentrations of PMio at Mount Gambier exceeded the NEPM criterion of
50 g/m3 during one day in 2001 and two days in 2002 (Table 37). Variations in particle
concentrations compared with the NEPM criterion are also described in Figures 28 and 29.

Table 37 Particulate matter (PM,,) statistics (TEOM) at Mount Gambier, 2000-2002

Year Number of exceedences Mean Median  Highest 2nd 6th 90th Data
of daily NEPM criterion  (pg/m®)  (pg/m®) (pg/m®)  highest highest percentile recovery
for My (50 pg/m’) (wg/m’)  (pg/m’) (ng/m°) (%)
2000 0 17 17 32 30 25 23 25
2001 1 17 16 59 43 35 27 98
2002 2 18 17 70 54 36 27 67
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Figure 28 Daily averaged PM,, (TEOM) at Mount Gambier, 2001
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Figure 29 Daily averaged PM,, (TEOM) at Mount Gambier, 2002

PM;o was also measured using an HVS at the site (Table 38) with one day in six sampling. One-day
averaged concentrations of PMjo at Mount Gambier exceeded the NEPM criterion of 50 pg/m3
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during two days in 2001 and on three days in 2002. Particle concentrations for the entire sampling

period are compared with the NEPM criterion in Figure 30.

Table 38 Particulate matter (PM,) statistics (HVS) at Mount Gambier, 2001-2002

Year Number of exceedences Mean Median Highest 2nd 90th Number of
of daily NEPM Criterion  (ug/m®)  (pg/m®)  (pg/m®)  highest percentile  samples
for PMu (50 pg/m’) (ng/m?*) (ng/m?®)
2001 2 20 16 56 51 40 30
2002 3 26 19 131 76 44 41
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Figure 30 Daily averaged PM,, (HVS) at Mount Gambier, 2001-2002
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Ambient air quality in Whyalla

Monitoring sites and industry in Whyalla

Whyalla is a city of about 24,000 people located on the western side of Spencer Gulf. Major EPA
licensed industry in Whyalla includes the activities of iron ore pelletising, metal melting and ore
transport along a railway system. The locations of the pellet plant, close to Whyalla, the
monitoring sites and other EPA licensed premises (in grey) are shown in Figure 31.

N EPA No 60
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Kilometers

Figure 31 Map of Whyalla monitoring sites and location of EPA licensed industry (in grey)

Particulate matter

Particulate matter as PMiois measured at Whyalla at Hummock Hill, Civic Park and Walls Street.
Monitoring at Hummock Hill began in 1990 to study the concentrations of dust near the pellet
plant. Civic Park is a NEPM site where monitoring for PMio began in late 2001; it is considered to
be a background site. The site at Hummock Hill was relocated to its current position on 12 May
2000. Thus the PMio data in Table 39 is split into ‘old” and ‘new” Hummock Hill sites. The
frequency of sampling, for both Civic Park and Hummock Hill, was increased from one day in six
to one day in three from May 2002. Figure 33 should be read with this in mind; many more
samples were taken in 2002 (97 in total) than in previous years of monitoring.

In July 2003, the EPA began monitoring at a site in Walls Street as a result of advice from the
Department of Human Services on potential human health impacts from exposure to fine particles
of the type present in Whyalla. This site is considered by the EPA to be representative of the
exposure of the community living adjacent to the OneSteel pellet plant to PMo particles. The Walls
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Street site uses a TEOM sampler and will be a compliance site used to assess the performance of
OneSteel.

PM;o concentrations at Hummock Hill exceeded 50 pg/m?3(51.5-356.2 pg/m3measured as a daily
average) on 18 days during 2002 and 23 days in 2003 (Table 39; Figures 32, 33 and 34). The highest
2003 concentration was 400 pg/m3 (Table 39).
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Figure 32 Daily averaged PM,, (HVS) at Hummock Hill new, 2003

Table 39 Particulate matter (PM,,) statistics at Hummock Hill (old and new) Whyalla, 1990-2003

Year Number of Mean Median Highest 2nd 6th 90th Number  Percent of
days greater  (ug/m®)  (pg/m®)  (pg/m’) highest highest  percentile of samples
than (ug/m®)  (pg/m®)  (ug/m?)  samples greater than
50 pg/m’ 50 pg/m’
1990 10 30 22 123 118 67 66 55 18
1991 7 28 19 100 88 55 59 45 16
1992 10 28 20 96 93 72 68 61 16
1993 3 19 13 141 87 39 38 61 5
1994 2 18 13 93 62 44 35 58 3
1995 5 23 15 123 91 48 48 54 9
1996 3 18 12 73 57 43 43 57 5
1997 2 22 16 92 79 43 43 47 4
1998 3 19 13 94 53 38 37 54 6
1999 7 29 17 170 170 56 52 58 12
2000 3 29 16 124 94 30 65 20 15
Site relocated to new Hummock Hill site with monitoring beginning 12 May 2000
2000 4 29 21 84 83 40 74 20 20
2001 4 22 11 102 86 34 70 29 14
2002 18 36 19 356 147 128 79 97 19
2003 23 45 24 400 391 181 92 104 22
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Figure 33 has not been normalised, or corrected, for changes in the frequency of monitoring. This is
more accurately shown in Figure 34 where exceedences are expressed as a percentage of the
number of samples collected.

A rigorous statistical assessment of the monitoring data has been undertaken by independent

experts (Fox 2004, Best 2004). They agree that the following is a reasonable summary of their

findings:
In 2002 the PM10 value of 50 ug/m3 as a daily average at Hummock Hill, adjacent to the OneSteel Pellet
Plant, was exceeded 18.5% of the time. This is significantly higher than the mid-1990s when the PM10
value of 50 ug/m3 as a daily average at the old site at Hummock Hill was exceeded about 5% of the time.
Relocation of the monitoring station in May 2000 has had a discernible effect on measured dust levels on
occasions under certain wind conditions. Nevertheless, since the mid to late 1990s there has been an
overall worsening of air quality in the area, with levels in 2002 comparable to those encountered in the
early 1990s.
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Figure 33 Number of days PM,, greater than 50 pg/m?® at Hummock Hill (old and new) Whyalla
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Figure 34 Percentage of samples per year PM,, exceeded 50 pg/m?® in a 24-hour period at Hummock Hill
Whyalla, 1990-2003 (after Fox 2004)

Measurements of particle concentrations as PMyo at Civic Park began on 10 October 2001. All
concentrations in 2001 were well below 50 pg/m?3 and in 2002 the daily average exceeded the
NEPM criterion on one day (Table 40). There were no exceedences measured at this site in 2003
(Figure 35).

Table 40 Particulate matter (PM,) statistics at Civic Park Whyalla, 2001-2003

Year Number of exceedences Mean Median  Highest 2nd 6th 90th Number of
of daily NEPM criterion  (ug/m®)  (ug/m®)  (ug/m®)  highest highest percentile samples
for PMxo (50 pg/m®) (ng/m*)  (ng/m’) (ng/m?)
2001 0 12 10 27 21 11 20 14
2002 1 17 14 59 43 40 26 98
2003 0 15 13 48 42 33 25 113
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Figure 35 Daily averaged PM,, (HVS) at Civic Park Whyalla, 2003

At Walls Street, the EPA has applied the NEPM Standard (maximum 24-hour average PMio
concentration of 50 g/ m?3, with no more than five exceedences of the criterion in any given
calendar year, by 2008) and is working with OneSteel to achieve that standard. There were eight
exceedences of 50 pg/m3 at the Walls Street site in 2003 (Table 41).

Table 41 Particulate matter (PM,) statistics (TEOM) at Walls Street Whyalla, July-December 2003

Year Number of exceedences Mean Median Highest 2nd 6th 90th Data
of daily NEPM Criterion (ng/m’) (ng/m’) (ug/m’®)  highest highest  percentile  recovery
for PMo (50 pg/m®) (wg/m’)  (ug/m’)  (ug/m’) (%)
2003 8 19 13 82 77 61 38 42

Total suspended particulates

TSP have been measured at both Hummock Hill (Table 42) and Civic Park since 1989. The site at
Hummock Hill was moved to its current location on 12 May 2000. Thus the TSP data in Table 42
are split into ‘old” and ‘new” Hummock Hill sites. The frequency of sampling was increased from
one day in six to one day in three from 8 May 2002. The WHO guideline of 120 ng/m?3 is used for
comparison purposes at Hummock Hill.

Particle concentrations as TSP at Hummock Hill during 2003 were greater than 120 pg/m?3 (120.9-
1276.8 pg/m3measured as a daily average) on 25 days out of the 115 days when measurements
were made (22% of sample days; Figure 36). On 28 days in 2002 (29% of sample days) TSP was
greater than 120 pg/m3 (Figures 37 and 38).
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Table 42 Particulate matter (TSP) statistics at Hummock Hill (old and new) Whyalla, 1989-2003

Year Number of days Mean Median Highest 2nd 90th Number of Percent of
greater than (ng/m?)  (ug/m3) (ng/m?) highest percentile  samples  samples greater
120 pg/m’ (ng/m®) (ng/m®) than 120 pg/m’
1989 6 80 49 581 496 131 50 12
1990 9 74 49 309 286 158 60 15
1991 3 67 38 863 288 75 43 7
1992 12 77 38 567 241 168 59 20
1993 6 63 44 463 253 118 59 10
1994 2 46 32 248 129 97 59 3
1995 9 64 40 303 227 139 57 16
1996 8 57 40 185 159 141 57 14
1997 6 61 34 429 415 113 57 11
1998 6 60 36 360 161 128 56 11
1999 14 103 51 823 630 203 57 25
2000 4 96 57 432 341 239 20 20
Site relocated to new Hummock Hill site with monitoring beginning 12 May 2000
2000 7 121 84 451 318 235 21 33
2001 5 85 47 378 337 269 30 17
2002 28 118 63 1277 552 278 98 29
2003 25 112 50 1344 969 251 115 22
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Figure 36 Daily averaged TSP (HVS) at Hummock Hill (new) Whyalla, 2003
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Particle concentrations as TSP did not exceed the WHO guideline of 120 pg/m3 (measured as a
daily average) at Civic Park during 2001 and 2003 but there was one exceedence in 2002 due to a
dust storm on 27 August 2002 (Table 43, Figures 39 and 40).

Table 43 Particulate matter (TSP) statistics at Civic Park Whyalla, 1989-2003

Year Number of days Mean Median Highest 2nd highest 90th Number of
greater than (ng/m’) (ng/m’) (ug/m’) (ng/m’) percentile samples
120 pg/m’ (ng/m*)
1989 0 30 27 88 83 51 49
1990 0 31 28 111 88 53 60
1991 0 31 25 98 88 56 45
1992 0 31 27 96 80 53 59
1993 0 40 32 105 103 75 61
1994 1 45 44 120 91 82 60
1995 0 34 27 91 79 65 57
1996 2 52 50 142 123 98 58
1997 1 47 38 203 119 82 57
1998 2 40 30 184 143 75 54
1999 2 38 33 147 124 73 54
2000 0 30 24 92 90 54 42
2001 0 28 24 80 60 47 30
2002 1 33 27 135 101 59 90
2003 0 27 22 113 90 50 121
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Figure 39 Daily averaged TSP (HVS) at Civic Park Whyalla, 2003
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Ambient air quality in Port Augusta

Monitoring sites and industry in Port Augusta

Port Augusta is located at the head of the Spencer Gulf and has a population of about 14,000. The
major EPA licensed industry in Port Augusta is the production of electricity, by burning brown
coal. The locations of the power station and of other EPA licensed premises (in grey) are shown in
Figure 41.

Note: EPA licensed pr}emises highligﬁ}ed in grey : 1 Kilometres

Figure 41 Map of the Port Augusta monitoring site and location of EPA
licensed industry

Particulate matter
Particulate matter as PMio (Table 44) is measured at Port Augusta by the HVS method.

One-day averaged concentrations of PMyo at Port Augusta did not exceed the NEPM criterion of
50 ng/m3 in 2001, nor in 2002, but there was one exceedence in 2003 (Figures 42 and 43).

Table 44 Particulate matter (PM,,) statistics at Port Augusta, 1996-2003

Year Number of days Mean Median Highest 2nd 6th highest 90th Number of
greater than (ng/m?®)  (ug/m’)  (ug/m?) highest (ng/m’) percentile samples
50 pg/m’ (ng/m?®) (ng/m?°)
1996 5 27 19 132 68 40 64 24
1997 7 31 27 86 77 64 55 60
1998 2 17 12 132 54 34 33 60
1999 3 20 14 117 104 28 23 30
2000 2 15 10 100 57 29 23 31
2001 0 11 9 27 26 14 20 27
2002 0 14 12 47 42 29 27 56
2003 1 17 15 62 43 32 32 56
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Figure 42 Daily averaged PM,, (HVS) at Port Augusta, 2003
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Figure 43 Number of PM,, exceedences at Port Augusta
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Ambient air quality in Port Pirie

Monitoring sites and industry in Port Pirie

Port Pirie, with a population of about 14,000, lies on the eastern side of the Spencer Gulf. The major
EPA licensed industry in Port Pirie is the lead smelter. The locations of the smelter and of other
EPA licensed premises (in grey) are shown in Figure 44.
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Figure 44 Map of Port Pirie monitoring sites and location of EPA licensed industry

Particulate matter

Particulate matter as PMio (Table 45), which is measured at Port Pirie by the HVS method, TSP and
lead have been measured by the EPA and Department of Human Services for many years. Only
data collected from sites currently in operation are described in this report.

One-day averaged concentrations of PMyg at Oliver Street did not exceed the NEPM criterion of
50 ng/m3 in 2001. There was one exceedence in 2002 and none in 2003 (Figure 45).
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Table 45 Particulate matter (PM,,) statistics at Oliver Street Port Pirie, 1998-2003

Year Number of Mean Median Highest 2nd 6th 90th Number of
exceedences of daily ~ (ug/m®) (pg/m’®)  (pg/m?)  highest highest  percentile samples
NEPM Criterion for (ng/m’)  (pg/m?) (ng/m’)
PM: (50 pg/m’)

1998 0 16 16 29 24 19 24 15
1999 3 24 22 143 89 37 33 42
2000 2 23 18 93 58 40 41 44
2001 0 17 17 45 34 21 22 24
2002 1 22 21 57 46 31 31 59
2003 0 21 21 50 46 36 36 53
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Figure 45 Daily averaged PM,, (HVS) at Oliver Street Port Pirie, 2003
Lead

In Port Pirie lead comes from the lead smelter and concentrations remain high compared with
suburban Adelaide (Tables 46-49). All lead results are derived from TSP HVS.

Since the mid-1990s, the EPA has monitored lead in Port Pirie, now at four sites. At Oliver Street,
the EPA’s main ambient monitoring station, the lead criterion of 0.5 ng/m3 (as an annual average)
was very closely approached in 2001 and 2002. In 1999, 2000 and 2003 the lead criterion was
exceeded. Data from 2003 are presented in Figure 46.
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Table 46 Lead statistics at Oliver Street Port Pirie, 1998-2003

Year Mean Median Highest 2nd highest 90th percentile Number of
(ng/m°) (ng/m?) (ng/m?) (ng/m?) (ng/m?) samples
1998 0.35 0.11 2.76 1.12 0.85 19
1999 1.22 0.44 8.38 5.81 3.89 42
2000 0.50 0.18 3.10 2.56 1.30 43
2001 0.43 0.26 1.63 1.47 0.99 28
2002 0.47 0.25 2.65 2.42 1.14 61
2003 0.59 0.16 4.97 4.71 1.54 59
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Figure 46 Daily averaged lead at Oliver Street Port Pirie, 2003

Another monitoring site, The Terrace, is located at the Port Pirie West Primary School. Its annual
averaged lead concentrations have exceeded the NEPM criterion of 0.5 pg/m?3 (as an annual
average) each year except 1996, since the station began operating (Table 47, Figure 47).
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Table 47 Lead statistics at The Terrace Port Pirie, 1995-2003

Year Mean Median Highest 2nd highest 90th percentile Number of
(ng/m’) (ng/m’) (ng/m’) (ng/m’) (ng/m’) samples
1995 0.61 0.34 3.45 2.91 1.45 57
1996 0.47 0.22 3.71 3.07 0.91 60
1997 0.67 0.38 6.21 3.38 1.73 60
1998 0.55 0.30 6.55 3.19 1.01 61
1999 0.87 0.42 6.79 4.80 2.05 59
2000 0.59 0.27 3.96 2.47 1.55 44
2001 0.82 0.28 4.48 3.20 2.53 28
2002 0.74 0.23 9.90 3.55 1.30 61
2003 0.72 0.19 4.72 4.37 2.18 54
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Figure 47 Daily averaged lead at The Terrace Port Pirie, 2003

The Senate Road site is located in Frank Green Park and has the lowest annual averaged
concentrations of the four Port Pirie sites. Since 1999, when monitoring at the site began, the
annual average has been below the NEPM criterion of 0.5 ng/m?3 (Table 48). All daily averaged
lead data in 2003 are presented in Figure 48.
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Table 48 Lead statistics at Senate Road Port Pirie, 1999-2003

Year Mean Median Highest 2nd highest 90th percentile Number of
(ng/m’) (hg/m°) (ng/m?°) (ng/m’) (ng/m’) samples
1999 0.37 0.15 1.85 1.68 1.16 48
2000 0.21 0.12 1.56 0.95 0.54 44
2001 0.30 0.06 2.27 0.98 0.75 24
2002 0.21 0.09 1.76 1.04 0.50 61
2003 0.19 0.06 1.00 0.92 0.63 57
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Figure 48 Daily averaged lead at Senate Road Port Pirie, 2003

Monitoring for lead at Ellen Street was discontinued in 1998 but resumed again in July 2001
(Table 49). Being located near the boundary of the smelter, the site’s monitoring data are not
compared to the NEPM criteria; they are used to evaluate industry performance. All 2003 daily
averaged lead data are presented in Figure 49.

Table 49 Lead statistics at Ellen Street Port Pirie, 1995-2003

Year Mean Median Highest 2nd highest 90th percentile Number of
(wg/m’) (wg/m’) (hg/m’) (hg/m’) (wg/m’) samples

1995 2.77 1.71 13.26 10.70 5.91 60
1996 2.17 1.31 9.40 8.42 5.19 60
1997 2.78 1.27 18.32 17.22 8.20 59
1998 2.32 1.11 13.45 11.79 4.79 39
1999 No data available

2000 No data available

2001 3.52 1.44 18.41 17.08 9.05 29
2002 3.61 1.75 35.15 16.93 6.37 61
2003 3.44 1.32 20.35 14.09 10.20 59
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Figure 49 Daily averaged lead at Ellen Street Port Pirie, 2003

For a discussion on the lead abatement program and lead research in Port Pirie see Maynard et al.
(2003).

Sulfur dioxide

SO; is measured only at the Oliver Street site in Port Pirie where monitoring began in June 2002 as
part of NEPM campaign monitoring.

In 2002, one-hour averages of SO, were within the range 0-0.656 ppm, with an average for the five
months of monitoring of 0.010 ppm. The one-hour average for 2003 was 0.008 ppm. From 26 June
to 31 December 2002, 23 exceedences of the one-hour NEPM criterion (0.20 ppm) were recorded
and 27 for 2003 (Table 50 and Figure 50). The one-day NEPM criterion was not exceeded in 2002
and was exceeded once in 2003 (Figure 51).

Table 50 Sulfur dioxide statistics at Oliver Street Port Pirie, June 2002-December 2003

Year Number of exceedences of 1 hour Maximum 90th 99th Data
NEPM Criterion for SOz (0.20 ppm) concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2002 23 0.656 0.021 0.146 98
2003 27 0.487 0.147 0.388 96
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Figure 50 One-hour averaged SO, at Oliver Street Port Pirie, 2003
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Figure 51 One-day averaged SO, at Oliver Street Port Pirie, 2003
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Nitrogen dioxide

NO: is measured only at the Oliver Street site in Port Pirie where monitoring began in June 2002 as
part of NEPM campaign monitoring.

In 2002, one-hour averages of NO, were within the range 0-0.019 ppm, with an average for the five
months of monitoring of 0.003 ppm. The one-hour average for 2003 was 0.003 ppm. This is very
low compared to the averages at Northfield and Netley (in Adelaide), of 0.007 ppm and 0.009 ppm,
respectively. No exceedences of the NO, NEPM criterion were recorded in either year (Table 51,
Figure 52).

Table 51 Nitrogen dioxide statistics at Oliver Street Port Pirie, June 2002-December 2003

Year Number of exceedences of 1 hour Maximum 90th 99th Data
NEPM Criterion for NO2 (0.12 ppm)  concentration (ppm) percentile percentile recovery (%)
(ppm) (ppm)
2002 0 0.019 0.007 0.013 54
2003 0 0.016 0.006 0.011 93
0.147
NEPM Criterion
0.12
0.107
E  0.087
Q.
e
S 0.067
0.047

Figure 52 One-hour averaged NO, at Oliver Street Port Pirie, 2003
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Air quality index—Summary of Adelaide’s air quality in 2001-2002

Based on data from two AQI sites (Netley and Kensington) for nearly four months of monitoring
during 2001, Adelaide’s air quality was classified as “very good’ for 64% of the time, and ‘good” for
36% (the remainder) of the time. Results were derived from ozone, NO and particles as PMjo.

In 2002 more sites and more parameters were measured. During this time dust storms occasionally
elevated the index into the “fair” and ‘very poor’ range and were reported on the EPA AQI web
site. For example, during 2002, (see Figure 53) for 41% of the time Adelaide’s air quality was
classified as very good, for 46% as good, for 9% as fair, for 2% as poor and for 1% as very poor (see
www.environment.sa.gov.au/reporting/atmosphere/airindex_sum.html).
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Figure 53 Adelaide air quality summary, 2002
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CONCLUDING REMARKS

Trends in South Australia’s air quality

CO has been monitored at Hindley Street since 1988, and shown a reduction over that time in
exceedences of the NEPM criteria. Improved fuel composition and the manufacture of more
efficient engines have been major contributors to the decrease.

SO; has been monitored at Christies Beach since 1992, because of the presence of the oil refinery.
The number of exceedences decreased significantly when a sulfur recovery plant was installed
before the closure of the refinery in July 2003. The high number of exceedences in 1995-1996 can be
attributed to the sulfur recovery plant being out of operation for about six months in that period.

NO:; has been monitored at Northfield since 1979 and Netley since 1988. In general there have been
few exceedences at either site. One exception was at Northfield in 1984 when 52 exceedences were
recorded, possibly due to the Dry Creek gas-fuelled peak power plant, over an unusually cold
winter. Netley, in 1989, had 35 exceedences, which may also be attributed to the Dry Creek power
station. The 90th percentile around this time at Netley, or earlier at Northfield, did not vary
greatly, so exceedences reflect extreme events, not the norm. There is some evidence of a
downward trend in NO; at Netley and Northfield.

Since O3 began to be measured at Northfield in 1979 and Netley in 1988, concentrations at these
sites have been consistently low and have changed little.

Particulates as PMip have been measured at Osborne since 1988 and were measured at Thebarton
from 1993 to 2002. Exceedences of the NEPM criterion were low at Thebarton and did not occur
more than the accepted rate of 5 days per year for any year of operation. Monitoring at Osborne,
near a cement manufacturing plant, has shown very few exceedences over the entire time of
operation with the average concentration varying little over the period.

Lead was monitored at Thebarton from 1993 to 2002 and at Port Adelaide from 1981 to 2001. Both
sites show the dramatic decline of lead in air since unleaded petrol was introduced in 1986 and the
unavailability of leaded petrol from August 2000. Lead is no longer monitored in Adelaide.

TSP have been measured at two sites in Whyalla since 1989 and PMio has been measured at
Hummock Hill since 1990. The plots for particulates at Hummock Hill show that particle
concentrations fell from 1993 to 1998 but then increased over the next three years. Levels of PMyo at
Civic Park have been low since monitoring began in 1989. Insufficient data are available from the
Walls Street site to assess trends.

Only PMy is measured at Port Augusta. This site, which began in 1996, has not been operating
long enough to be designated a trend site but data collected so far show that particulate
exceedences have reduced since 1996 and are not a significant problem in Port Augusta.

Lead has been monitored at two sites in Port Pirie since 1995. In Port Pirie the mean lead
concentration seems to be increasing at Ellen Street (next to the smelter) and at The Terrace (the
site of the Port Pirie West Primary School) and reducing at Senate Road.

The variability in data from year to year for all other parameters does not allow firm conclusions to
be made about trends in ambient concentrations.

The EPA is reviewing the monitoring program for SO, and CO in Adelaide as concentrations have
remained consistently well below the NEPM criteria. The monitoring program for particles, ozone
and NO:; is also being assessed.
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Recent progress by the EPA

Since July 2001, the EPA has made progress towards improved air pollution monitoring across the
State. The redevelopment of the monitoring network is mostly complete and has included:

e purchase and installation of new monitoring equipment;

e improved maintenance of high volume particle samplers;

e complete rebuilding of five fixed and two mobile monitoring stations;

e construction and use of a mobile hotspot pollution and meteorological monitoring caravan;

e substantial renovation of the EPA’s Netley air quality monitoring laboratory;

e an automatically updated AQI and internet reports on the ongoing quality of South Australia’s
air;

e establishment and operation of a hotspot monitoring facility.

Recent initiatives

A number of recent initiatives are helping the EPA gain a better understanding of the impacts that
some pollution sources have on our health and well-being. These include:

e taking part in a national particle composition study (trials began in late 2002);

e working with the Department of Human Services to assess health risk and develop hotspot
monitoring programs;

e contributing to the development of the Air NEPM for PM: s particles (see www.ephc.gov.au/
nepms/air/air_variation.html), the Air Toxics NEPM (see www.ea.gov.au/atmosphere/airtoxics/
index.html and www.ephc.gov.au/nepms/air/air_toxics.html) and a National Air Quality Index (see
www.ea.gov.au/atmosphere/airquality/monitoring.html);

e investigating methods for estimating biogenic emissions (vegetation sources) and adding the
information to anthropogenic emission (human sources) inventories for improved airshed
modelling;

e monitoring air quality from more locations throughout Adelaide (see Environment Protection
Agency 2001).

How we can all contribute to improving air quality

The goal of further improving air quality will be a challenge for us all as it requires significant
changes to our lifestyles. For those with a car-dependent lifestyles, congestion is a problem and the
density of traffic and start-stop driving is also likely to affect local air quality. EPA research shows
that, together, area based sources and motor vehicles are the largest single contributor to
Adelaide’s air pollution (Ciuk 2002). Industry must also continue playing its part in reducing
emissions.

An integrated and comprehensive response that addresses all emission sources is the most
effective approach. The EPA thus continues to focus on:

e the move to cleaner production by industry

e the extent to which we use vehicles

e the way vehicles are maintained and the quality of fuels they use
e choices of heating in the home.

We all need to do things differently if we want to improve air quality.
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