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SYNOPSIS

The Coogee Air Polluticn Study (CAPS) was initiated in
November 1872 to evaluate levels of air peollution over 610
“heot

Kwinana industrial ccomplex. During the period of the study

of potential residential land just north of the

&

T

§)J
®

{1 Januayy 1973 to 28 February 1974) a multidisciplinary
tesm worked under the guidance of the Coogee Air Pollution

Study Working Group.*

This "technical working group”, comprising officers from the
Department of Agriculture, Commonwealth Bureau of Meteorology
Department of Environmental Protection, Kwinana industry,
Public Health Department, State Electricity Commission and the
ﬂniversity of Western Australia carried out both regular data
llection and special experiments with the aim of evaluating
present, and predlcting future, air pollution levels over the

land in guestion.

The report of the CAPS Working Group was presented to tue
Favirenmental Protection Council on 8 May 1974 when it was
recommended “.... that, at this stage, no residential develop-
ment take place within the land defined by the Cooges Air
Pollution Study and comprising Cockburn locations 1843 and
1738".

ki

The EPC further recommended ".... that research be carrvied out

Q_\

to define buffer zones which should be develcped and maintaine
around the Kwinana industyrial area and the Woodman Point

treatment plant?.

In concurring with the EPC recommendations the Environmental
Protection Authority agreed that research to define bulfer
zones should be extended to include all industrial areas and

other sources of air pollution.

* Perscanel directly involved in the Coogee Air Pollution
1i

.sted in the Appendix to this Rr:po.;w
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IHT20DPUCTIONn

The Coogee Air Pollution Study (CAPS) had its genesis in a
proposal'put forward by the Industrial Lands Development

Authority in 1970 to have some 610 hectare of land just to
the north of the Kwinana industrial area zoned residential.

The area in question is defined more fully in Figures 1 to 3.

Figure 1 indicates the locality and size of the CAPS area in
relation to both the Kwinana industrial area and the coastal

plain on which the Perth metropolitan area is situated.

Figure 2 shows the CAPS area in more detail as it relates to

the various industries.

Figure 3 shows the CAPS area itself, its topography and the

distribution of monitoring sites.

It is interesting to reflect back on some of the early
history of this area, for it appears that as early as 1829
there was a proposal for residential development in the
Coogee area. Amongst the new settlements planned by Captain

James Stirling in 1829 was the Town of Clarence, near

" Woodman Point on the shore of Cockburn Sound. It is not

clear how big the proposed settlement was to be but from
some reports it could have been intended as the major
settlement of the Colony. There is no doubt therefore that
the area now under study was intended to be part of the Town

of Clarence.

In fact, the proposed Town of Clarence never grew beyond

the tent stage, the greener pastures of the Swan Valley
holding by far the greater attraction for the early settlers.
The only reminder we have today of the plans of Caprtain
Stirling is the name of Clarence which lives on in the

Clarence Railway siding on the Fremantle-Kwinana line.-



In retrospect it is not hard to see why the early planners
chose the Coogee area as a potential townsite, for it lies
adjacent to the magnificent expanse of Cockburn Sound and
itself is a pleasantly undulating wooded area bounded on

the western side by a limestone ridge. Present day planners
have also been aware of the potential of this site, as
evidenced by the plans for residential development that have
been put forward. Moreover, in view of the apparent unsuita-
bility of the area for industrial development (because of

the topography) housing development apnpeared to some to bhe an

attractive alternative.

From another development point of view the Coogee area is
attractive as it presently exists. The Metropolitan Water
Board's siting of its waste water treatment plant at Woodman
Point was in large part determined by the industrial zoning
of the CAPS area and the presence of other "odour producing"”
industries to the north. The industrial area (both occupied
and unoccupied) was seen as an area where people would only
be present during working hours and would not therefore be

subject to odours during evenings, nights and mornincs.

However, the present proposal to rezone the land for residen-
tial development resulted in objections from various sources,
including industry and some local government authorities. In
particular, the Air Pollution Control Council (APCC) revorted un-
favourably on the project. The opinion of the Council was

that the locations covering the area should remain as buffer
zones between the Kwinana industrial area and residential

areas further north.

The APCC considered that odours and dust from existing
industries and possible future industries could be sources
of huisancef The Council noted that winds blowing over the
locations from the south were prevalent for 20% of the time
and that the topography had the potential to accentuate
pollutant levels. Accidental emission of a toxic pollutant

was also considered a potential hazard to any residential



development. The accidental release of hydrated sulphur
trioxide which occurred in February 1972 was cited in the

report as an example.

The APCC further noted that a sulphur dioxide monitoring
site* (established by the State Electricity Commission)
near to the southern boundary of the area had already
recorded ground level concentrations of sulphur dioxide
approaching the maximum acceptable standards set by the
Environmental Protection Agency in the United States of

(1)

America

At the commencement of the Coogee Air Pollution Study no
ambient sulphur dioxide standards had been set for Austra-
lia, the United States EPA standards being taken only as

a guideline.**

* The site referred to above is 2 km northeast of the SEC
Kwinana power station and 0.5 km south of the Cooagee
area. The maximum twenty-four hour average in 19,2
was 230 microgram per cubic metre (9 parts per hundred
million - pphm) while the average over ten months was
65 microgram per cubic metre (2.5 pphm).

** The United States EPA standards are as follow:

"Primary standard, designed to protect the Public Health:

a) 80 microgram per cubic metre (3 pphm) annual
arithmetic mean

b) 365 microgram per cubic metre (14 pphm) as a maximum
twenty-four hour concentration not to be exceeded
more than once a year.

Secondary standard, designed to protect Public Welfare
from any known or anticipated adverse effects of pollu-
tant. This includes effects on soil, water, vegetation,
materials, animals, weather, visibility and persoanal
comfort and well being:

{cont'd over)



More recently the Environmental Health Committee of the
National Health and Medical Research Council has recommended
that the World Health Organisation air guality long term

(2)

goals
Australia.***

be adopted as guidelines for air quality in

The problem of whether the land should be zoned residential
was referred to the Environmental Protection Council by the

Director of Environmental Protection. After discussing the

* % a) 60 microgram per cubic metre (2 pphm) annual
arithmetic mean

b) 260 microgram per cubic metre (10 pphm) maximum
twenty-four hour concentration not to be exceeded
more than once a year.

c) 1300 microgram per cubic metre (50 pphm) as a
maximum three hour concentration not to be
exceeded more than once a year."

***  WHO Recommended Long Term Goals

In presenting the levels below the WHO "committee speci-
fically urged that the table should not be considered

independently of the accompanying text." (2)

"Pollutant and measuring method Limiting level

Sulfur oxides @) British standard Annual mean 60 micro-
procedure (P) gram per cubic metre.

98%(0) of observations
below 200 microgram
per cubic metre.

Suspended (a) British standard Annual mean 40 micro-
particulates procedure (P gram per cubic metre.
98%(c) of observations

below 120 microgram
per cubic metre.

a) Values of sulfur dioxide and suspended particulates
apply only in conjunction with one another.

b) Methods are not those necessarily recommended but
indicate those on which these units have been based.
Where other methods are used an appropriate adjust-
ment may be necessary.

c) The permisgible 2% of observations over this limit
may not fall on consecutive days."



matter fully the EPC in its report recommended that no
decision should be made about rezoning the land as resi-
dential until a study had been made of the actual levels
of pollution over the 610 hectare in question. This
recommendation was endorsed by the Environmental
Protection Authority and on 2 October 1972 was agreed

to by Cabinet.

Following Cabinet's decision to defer the rezoning of the
land a plan was put forward by the Minister for Environ-
mental Protection to implcment the sucagested study.

It was proposed that an ad hoc working group be established
at a senior level to formulate definitive programmes for
the air pollution studies over a period of one year. This

recommendation was accepted by Cabinet on 23 October 1972.

The Coogee Air Pollution Study was thus initiated and its
guidelines were determined by a working group of senior
representatives from the Department of Environmental
Protection, the Public Health Department, the Commonwealth
Bureau of Meteorology, the State Electricity Commission,
the Department of Agriculture, the Industrial Lands
Development Authority and representatives of Kwinana

industry.

This senior working group has been responsible for the
policy guidance of the study while day to day management
has been under the control of a technical working group
comprising officers from the various bodies mentioned above
and the University of Western Australia. The senior
working group has been chaired by the Director of Environ-
mental Protection while the technical working group was
co-ordinated and chaired by an officer of the Department

of Environmental Protection. (Participating personnel are

listed in the Appendix.)



The primary objectives of CAPS were to measure and evaluate
present air pollution levels and to predict possible future
levels over the area of land which was under consideration

for residential development.

However, it was also recognised at the outset of CAPS that

the knowledge gained during the study would be of benefit

to metropolitan planning in the future. For example, it was
hoped that ,predictive models could be developed for applica-
tion in other areas of future development, that basic knowledge
of the interaction of air flows, topography and pollutant
distributions would be gained, that basic data that could be
used to verify theoretical models used for calculating stack
heights and pollutant distributions over wider areas would be
obtained and that some correlation between levels of pollutants
in vegetation and ground level concentrations of pollutants

might be determined.

At the conclusion of the study it is pleasing to note that
some of these "spin off" aims have been achieved, in that
basic knowledge about the areas discussed above has kzen
obtained. These facets are amplified and discussed more

fully in the body of this report. Moreover, in retrospect,
the study has also delineated areas in which more work should
have been done but which in many cases was not logistically
possible to carry out. However, the co-operative teamwork

and techniques developed in the CAPS work will enable accurate

costing and manpower estimates to be made for future studies.

The roles of the authorities involved in CAPS have been as

follow:

Department of Environmental Protection - co-ordination,

liaison and review as necessary.

Public Health Department - monitoring of sulphur dioxide, smoke

and dust levels.



Department of Agriculture - monitoring of native and intro-

duced vegetation in an attempt to correlate levels of
pollutants measured in plants with those obtained at

chemical monitoring sites.

State Electricity Commission - operation of additional sulphur

dioxide monitoring sites and use of the Kwinana power station
in controlled experiments.

Commonwealth Bureau of Meteorology - regular collection of

meteorological data; definition of atmospheric conditions
relevant to the study area, and predictions of times of

suitable meteorological conditions for controlled experiments.

Industrial Lands Development Authority - to be in a position

to put the Coogee measurements into perspective against
proposed development of the total area and its commercial

value.

Kwinana Industry - technical liaison and input of data relating

to stack emissions.

In addition staff members of the University of Westerr

Australia have been involved in particular experimenis and

in an advisory capacity. The Government Chemical Laboratories

have also carried out much behind the scenes work in the

analysis of samples collected during the study.

The report now presents the results of the fourteen month

study which took place from 1 January 1973 to 28 February 1974.
The intent of the report is to present the data collected and
its evaluation in as complete a form as possible, but at the
same time to state the essential results and conclusions

clearly and concisely.

For this reason, the report is presented at two levzls.

The first level is contained in the SUMMARY AND RECOMMENDATIONS,
in which the results of the study are summarised, the important
areas highlighted and recommendations made, The second level

is contained in the DISCUSSION OF DATA, in which the results of



the study are presented and discussed in more detail. This
section attempts to present the bulk of the data collected
during CAPS and the methods of evaluation used in arriving

at the final conclusions. A third level is embodied in the
data collected and the experience gained by the participants
in the Study. All of this data on which the Report is based
is freely available-to interested parties, either through

the Western Australian Department of Environmental Protection
or through direct contact with the relevant participants.

[e5]



2. SUMMARY AND RECOMMENDATIONS

2.1 Terms of Reference

On 23 October 1972 State Cabinet approved the formation
of an ad hoc working group to formulate a definitive
programme for an air pollution study over a period of
twelve months, to ensure that Cabinet would be

provided with a complete and accurate statement about
air pollution levels in the area proposed for

residential development.

2.2 Air Pollution

2,2.1 Health Standards

At present no health standards or guidelines
exist in Australia for ambient levels of suvlphur
dioxide and particulates

Sulphur dioxide health standards and criteria in
various other countries are summarised in Table
25 and discussed on pages 3 and 4 of the

Introduction and Section 3.7.3 of this report

The United States Environmental Protection Agency
standards (page 3) have been used as guidelines

in Western Australia. As stated in the intro-
duction (page 4) the Environmental Health Committee
of the National Health and Medical Research Council
has recommended that the World Health Organisation
air quality long term goals be adopted as guide-

lines for air quality in Australia.



2.2.2

2.2.3

10

- Meteorology

Collection of meteorological data was seen as

central to the Coogee Air Pollution Study.

Over the study period, wind speed and direction
have been measured at five sites while temperature
and rainfall have been measured at a sixth site.
Results from this monitoring are discussed in

Section 3.1 and summarised in Figures 4 to 20.

It is emphasised that these measurements do not
represent an average year (as discussed in Sub-
section 3.1.2 and in the conclusions, Subsection
3.13.2). It is thus imperative that due care be
taken in any attempt to extrapolate this data to

yield an average or extreme case.
The conclusions drawn from the study and the

summary given below have been framed in this

context.

Measured Levels

Over the period of the Coogee Air Pollution Study
(January 1973 to February 1974) sulphur dioxide
ground level concentrations have been measured at
thirteen twenty-four hour monitoring sites and
two continuous recording monitoring sites (see
Fig.3). Smoke levels have beern measured at

seven of these sites (PHD monitors 1 to 7).

The results of sulphur dioxide and smoke monitor-
ing are summarised in Tables 1, 2 and 12 to 23.
Tables 1 and 2 contain the essential data relating



2.2.4

il

to the highest levels recorded during the study.
Table 1 lists- the seven highest sulphur dioxide
(and the associated smoke level) ground level
concentrations while Table 2 lists firstly, the
three highest sulphur dioxide levels over half an
hour, three hours and twenty-four hours as well
as the maximum monthly and the yearly average for
the continuous recording sites, and secondly, the
maximum twenty-four hour average, the maximum one
month average and the yearly mean for each twenty-

four hour site.

All of the levels of sulphur dioxide and smoke
measured within the study area fall well below
those health standards recommended by the United
States EPA and the long term goals recommended as
guidelines by the World Health Organisation. At
one site just outside the CAPS area (monitoring
site 2, 300 m southwest of Mt Brown) there were
four days when the United States EPA twenty-four
hour secondary standard was exceeded (see Table 1).

Dust levels over the CAPS area, as measured by CERL
dust gauges (Section 3.3) were acceptable when
compared to other areas in the metropolitan region.
Two dust gauges outside the area indicated levels

of dust that could give rise to complaints.

Projected Levels

PART B of Section 3 (Sections. 3.8 to 3.12) of this

Report describes an attempt to mathematically model

~ground level concentrations of sulphur dioxide

over the CAPS area. Although the model did not
accurately predict ground level concentrations of
sulphur dioxide it did suggest that in the event of
increases in eleectric power output, the conversion

of all industries to fuel oil and the operation of



2.3 Other

2.3.1

a large iron and steel industry in Kwinana,
ground level concentrations of sulphur dioxide
could be expected to treble throughout the CAPS

area.

This forecast is dependent on meteorological
factors observed in the 12 months study period;
therefore as the weather pattern in subsequent

years will vary so will this factor.

It should be noted that at the present time use
of alternative fuels such as natural gas and
coal is under active consideration, particularly
in the light of the world shortage of fuel oil.

Odours

The question of odours is discussed in Section
3.7.4.1, Odours from several Kwinana industries
and the Metropolitan Water Board's waste water
treatment plant at Woodman Point were apparent
over the CAPS area at various times during the
study. Persistent odours from industry were most

obvious at the southern boundary.

The potential for odour from the Woodman Point
plant is considered at least as serious as that
at the Subiaco plant. It is the opinion of the
Metropolitan Water Board that this problem cannot
be eliminated or even considerably reduced in the

future.

12



2.3.2

Noise
As discussed in Section 3.7.4.2 noise levels

over the CAPS area do not appear to be higher

than is general in residential areas.

Accidental Emissions

Examination of the data presented in this
Report indicates that, given appropriate
weather conditions, the CAPS area could be
subject to "fallout" from accidental release

of a toxic pollutant, if such an event occurred.

It is noted that Kwinana industries have a co-
operative arrangement presently existing so
that if an accidental emission of a toxic
pollutant occurred, rapid action (commensurate
with the nature and extent of the release)
would be taken.

Aesthetic Considerations

As noted in Section 3.,7.4.4 industrial emissions
cause impairment to the clarity of the skies. 1In
an area (such as the CAPS area) repeatedly subject
to such intrusions they may arouse in residents

adverse comment unrelated to health aspects.

The introduction of major new industries emitting
gaseous effluents which could combine with
presently existing pollutants to form new sources
of particulate matter, could materially affect
the clarity of the sky.
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Recommendations

After discussion and endorsement of the report of the
CAPS working group the Western Australian Environmental

Protection Council on 8 May 1974 agreed to the following:

"The Environmental Protection Council:

NOTING that there are presently no formally adopted
standards or guidelines in Australia for ambient levels
of sulphur dioxide and particulates, but that the World

Health Organisation long term goals are the leading

"guidelines for formulating such a policy:

NOTING the conclusions of the Coogee Air Pollution Study;
in particular, the probability that the weather during
the study period was not representative of an extreme for
air pollution, the levelc of sulphur dioxide measured at
the southern end of the area and the potential of the
loodman Point waste water treatment plant for emission

of odours, and in view of the possibility that expansion
of industry using fuel oil would lead to increased

levels of sulphur dioxide over the area in question:

RECOMMENDS that, at this stage, no residential develop-
ment take place within the land defined by the Coogee

Air Pollution Study and comprising Cockburn locations
1843 and 1738.

The EPC desires to convey to Hon lMinister for Conserva-
tion and Environment that a review of the potential for
residential development of this area be undertaken when-
ever the natural gas resources available to Western
Australia are established and their use in the Kwinana

industrial area determined.
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The EPC further RECOMMENDS that research be carried
out to define buffer zones which should be developed
and maintained around the Kwinana industrial area and
the Woodman Point treatment plant. Such research to
be defined through continual collaboration of the
CAPS group.

The EPC RESOLVES to advise Hon Minister for Conserva-
tion and Environment that it desires to convey to the
industries and the Federal Government and State
Government instrumentalities involved in the Coogee
Air Pollution Study, an expression of appreciation for
their willing participation in a study which should
lead to optimum planning of air pollution management

associated with industrial sites in Western Australia."

The Western Australian Environmental Protection Authority
in endorsing both the CAPS report and the deliberations

of the EPC said that it regarded the Coogee Air Pollution
Study as a prototype for comprehensive studies in

advanced air pollution planning associated with industrial
sites and agreed that future studies of this type should
be encouraged.

In concurring with the EPC recommendations the EPA agreed

that research to define buffer zones should be extended

and therefore =

"RECOMMENDS that further research be carried out to

define buffer zones that should be developed around
industrial areas and other sources of air pollution.
Such research to be defined through continued collabo-

ration of the CAPS group."
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DISCUSSION OF DATA

PREAMBLE

As stated in the introduction to this report various moni-
toring programmes have been undertaken by several State
instrumentalities as part of the Coogee Air Pollution Study.
These programmes, their rationale and methodology are
discussed in greater depth in the appendices to this Report.

This section embodies the results of the complete study.
The various facets of the study are considered in turn and
the data obtained are presented in summarised form. Some
inter-relationships between the parts of the study are then
discussed and predictions about the effect of variations in
industrial output (from the Kwinana industrial area) on

ground level concentrations of pollutants are made.

PART A deals in turn with each phase of the study. The
results of monitoring are summarised, the emission levels
of sulphur dioxide from industry are tabulated and the
implications of the controlled experiments that have been
carried out are discussed. Finally, some of the inter-
relationships between the different facets of the study are
presented and the relevance of this data to health and

environmental standards is discussed.

PART B is concerned with model simulation of the ground

level concentrations of sulphur dioxide under varying sets
of emission conditions. A model relating ground level
concentration of sulphur dioxide to source emission has

been adapted using data obtained during the Coogee Air
Pollution Study. Predictions of possible future ground

level concentrations of sulphur dioxide are made assuming
certain changes in the emission levels of Kwinana industries.

These results are discussed in the light of the present



pattern of industrial development and likely patterns of
future development,

In PART C conclusions are drawn in the light of the

evidence produced by the Coogee Air Pollution Study.

17
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PART A - THE CAPS PROGRAMME

Locations were chosen to monitor meteorological data,
sulphur dioxide ground level concentrations, smoke and
dust levels, and levels of sulphur, alumina and chloride

in introduced and native vegetation.

The monitoring sites were not confined specifically to
the study area but were sited with regard to possible
topographic effects and logistic constraints (see Fig.3).
Results from locations outside the area have been inte-
grated into the overall study with due regard being taken

of their siting.

3.1 Meteorological

From the outset of CAPS it was recognised that a
detailed knowledge of the meteorological conditions
was essential to any attempt to evaluate levals of
air pollution over the study area. In preliminary
discussions questions had been raised as to the
possible effects of the prevailing southwesterly
winds, the frequency of low altitude temperature
inversions and the nature of the topography on ground
level concentrations of sulphur dioxide, smoke and
dust.

Accordingly, various parts of the CAPS programme were
designed to answer these questions, the meteorologi-

cal data being seen as the connecting link.

Collection of meteorological data has been carried
out by the Bureau of Meteorology. Five Woelfle long
term recording anemometers(B).were set up. Siting
of the instruments was determined by the location of
the sulphur dioxide sampling equipment and the local

topography (see Fig.3).
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Hourly averages of wind speed and half-hourly
averages of wind direction were obtained for the
fourteen month study period. Servicing difficul-
ties encountered during the winter months and
vandalism produced some gaps in the data from

the more exposed anemometers. Thermograph and
hygrograph charts were obtained weekly from
instruments exposed in a standard Stevenson

(4)

Screen on-site and in addition a long term

pluviograph provided half-hourly rainfall totals.

3.1.1 Winds and Stability

It is quite clear that wind blowing from the
Kwinana industrial complex over the CAPS area
will be a factor affecting ground level pollu-
tion, the intensity of which will be determined
by the ability of the atmosphere to disperse
the pollution. The two major atmospheric
parameters contributing to dispersion are wind
speed and atmospheric stability.

1(5) wind flow never attains

The environmenta
steady state conditions. Variability or gusti-
ness is a feature of the turbulent wind flow
recorded near ground level. Thus, it is possible
to obtain criteria for turbulence measurement
based on the root~-mean-square value of the wind
direction variability. The wind figures

quoted in the following tables are mean wind
directions averaged over a half-hour period.
Directional fluctuations have provided the
stability figures using the technique outlined

by Pasquil (5).

Wind data collected at anemometer site A2 were
used wherever possible, as this site best satis-

fied the meteorological criteria for instrument



(6)

exposure . When site A2 was not operating

data from anemometer site Al were used.

Figures 4 to 17 are wind roses constructed

for the months January 1973 to February 1974
inclusive, using data collected at site A2 (or
site Al if site A2 was out of order). Each
wind rose indicates the percentage of wind
blowing from the given direction over the

whole month.
Figure 18 is the annual wind rose.

Figure 19 shows the percentage of wind blowing
each day in the sector extending from 170° to
230° for the whole year. This is an indication
of the percentage of tﬁe total wind flow which
blows directly across the Kwinana industrial

complex and on to the CAPS area. (See Fig.2.)

‘Figure 20 is a cumulative frequency diagram

showing the percentage of days of the year in

which the wind was blowing from the 170° to

230° sector for a given percentage of the day.

Temperature Inversions

Before the Coogee Air Pollution Study commenced
it was suggested that levels of pollution over
the area in question could be increased (over a
period of some hours) by a strong and persistent
low-level temperature inversion associated with
either a gentle southerly air movement from the
Kwinana industrial area or a light easterly
drif%7from the other industrial works to the

east .



When CAPS began it was anticipated that a more
detailed investigation of the general inversion
climatology of the area would be carried out
using slow ascent radiosondes which were being
developed in Australia. Unfortunately a delay
in the production of these radiosondes and then
technical difficulties precluded their use

during the period of the study.

However, in general, the 1973 weather patterns
favoured rapid and effective dispersion of
pollutants as illustrated by the number of Air
Dispersion Alerts issued by the Bureau of

Meteorology in 1973.%

In 1972, the first year this service was made
available, twenty-two alerts were issued com-
pared to the two in 1973. Past meteorological
data indicates that about 10 alerts could be

expected on average per year.

Supporting this evidence are earlier measure-
ments of oxides of nitrogen near the University
" of Western Australia and in Peppermint Grove.
These results showed far fewer significant
concentrations in the evening hours of 1973

when compared with data secured by the same
techniques in 1972, thus reflecting the relative

frequencies of Air Dispersion Alerts.

.3 Topography

The CAPS area, as shown in Figure 3 comprises

An Air Dispersion Alert is given when light winds
and stable conditions are expected to allow
pollutants to accumulate in the lower atmosphere
for a period of at least twelve hours(8) ., The
forecast is intended to apply over the whole
metropolitan area. !
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the western part of a shallow valley (less
than ten metre above sea level at its lowest
elevation) running parallel to the coast.
About one~third of the area is low-lying

and includes swamp areas and permanent water.

The western side is bounded by a limestone
ridge which exceeds forty metre above sea
level in places. This ridge protrudes east-
wards at the southern boundary terminating in
Mt Brown (70 metre).

Before the Coogee Air Pollution Study commenced
it had been suggested (7, 9) that at least two
local climatic effects (associated with topo-
graphy) could lead to increased pollution levels

over sections of the area in question, viz:

1) Valley Effect: Atmospheric pollutants could

accumulate in low-lying areas at night
following the drainage of cold moist air
down the surrounding slopes under calm or

very light wind conditions.

ii) Effect of Mt Brown: It was suggested that

Mt Brown could have two effects on the air
flow which would increase pollution levels
over the area. First, it could act to divert
or channel into the valley light southerly
winds, and second, it could produce downwind
eddies or downdraughts in fresh southerly
winds. From aerodynamic theory it can be
predicted that obstacles (such as Mt Brown)
disrupt the normal air flow to a level up to
three times above their height and downwind

to the order of ten times their height(lO)a
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As a result of these suggestions several con-
trolled experiments were carried out during

CAPS and monitoring equipment was set up at a
special site to the north of Mt Brown to see
if any effect could be detected and guantified
(see Fig.3, site 7). The experiments which

were carried out indicated that topography does
have a role in the distribution of air pollution
over the CAPS area. They are described in

Section 3.6.

Monitoring of Sulphur Dioxide and Smoke

Monitoring of sulphur dioxide and smoke has been carried out
by the Clean Air Section of the Public Health Department

and of sulphur dioxide alone by the State Electricity
Commission. As shown on Figure 3 there are thirteen sites¥®
at which monitoring has been carried out on a twenty-four
hour basis; seven of these sites have been operated by

the Public Health Department while the remaining six have

been operated by the State Electricity Commission.

All sites, except site 7, are based on a grid established

by the Public Health Department(ll)a Site 7 which commenced
operation in July 1973 was specially set up to determine
whether It Brown caused any increase in ground level

concentrations in its northern lee.

* Data from twelve of the thirteen sites noted above
are recorded in figures and tables in this report. The
thirteenth site (517) was located in the grounds of a
small industry. Data from this site showed the
influence of the adjacent low-level sulphur dioxide
emission source and operation of the site was discon-
tinued in July 1973.
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In addition, two continuous sulphur dioxide monitors
have been operated by the Public Health Department at
the sites shown on Figure 3. These permit a time

resolution to approximately five minutes.

Sulphur dioxide has been measured by the West-Gaeke
colorimetric method which has been accepted by the

United States Environmental Protection Agency as a
standard method(lz).

Smoke is measured by the British Standard method(l3).

It should be noted that this method is designed to

enable the concentration of smoke in a sample of air

to be obtained in terms of a standard smoke, from
observation of the darkness of the stain produced when
the air is filtered through white paper. Hence, the
method is limited in that a change in the colour of

the smoke (ie the measured smoke level) may occur without
any change in the quantity of smoke emitted, or con-
versely the absolute cuantity of smolke may cliange without

any apparent change in the "measured level”.

In this context, airborne matter which is light in

colour will give a much lower smoke reading than the
"standard smoke" although the absolute quantity of

material may be as great or greater than the standard smoke.

Figures 21 to 32 show graphically the levels of sulphur
dioxide that have been recorded from January 1973 to
February 1974 for each of the twelve twenty-four hour
monitors. Each figure in this series records the level
of sulphur dioxide in microgram per cubic metre for each

day of the period.

Figures 33 to 44 are in turn cumulative frequency
diagrams for each of the twelve twenty-four hour

sulphur dioxide monitors.



Table 1 lists the seven highest ground level concentra-
tions of sulphur dioxide and the associated smoke
concentrations for each site. Therne seven values
represent the two percent of days noted in the World
Health Organisation guidelines for long term‘goals(z),
for which the ground level concentration of sulphur
dioxide should not exceed 200 microgram per cubic metre.
It should be noted that the associated smoke levels are

extremely low in comparison to the 1/HO long term goals.

Table 2 lists firstly, the three highest sulphur dioxide
levels over half and hour, three hours and twenty-four
hours as well as the maximum monthly and the yearly
average for the continuous recording sites, and secondly,
the maximum twenty-—-four hour average, the maximum one
month average and the yearly mean for each twenty-four
hour site.

llonitoring of Dust

Dust has been monitored at five sites (see Fig.3) ly
the Public Health Department using CERL directional dust
(14)

gauges . The CERL gauge is designed to collect wind-
borne dust from each gquadrant.

Results for each gauge are expressed as “total dirtiness”.
Total dirtiness represents the soiling effect of particu-
late matter (including natural dust, vegetation debris,
etc) which is blown to the location of the CERL directio-
nal dust gauge. The gauge collects the dust from all
directions by means of four collectors facing north,
south, east and vest. The dust collected for a given
time (one month in the case of CAPS) is measured using an
optical obscuration method, whereby the amcunt of dust
which obscures the intensity of a previously calibrated
light path is computed. Pure water is taken as a
reference level of zero. Table 3 below, lists the

annual average values for total dirtiness obtained over
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the Perth metropolitan area in 1972 .

The figures in

brackets are the highest monthly values for each site.

Those figures marked with an asterisk were associated with

complaints which when investigated were found to be

justified.

TABLE 3

Total Dirtiness Figures for the Metropolitan Area 1972

CERL CLASSIFICATION OF AREA
Dust Gauge
Site Residential | Commercial | Industrial
City Beach 1.5 (2.0)
East Perth 1.4 (2.1)
Lathlain Park 1.9 (2.5)
Welshpool
Site 1 2.1 ( 4.7)
Site 2 2.3 ( 3.1)
Site 3 2.2 ( 2.3)
Kewdale
Site 1 3.3 ( 3.5)
Site 2 2.7 ( 3.2)
Site 3 3.1 { 4.6)
Perth Airport 2.2 (3.9)
Naval Base 3.1 ( 4.5)
Maddington
Site 1 7.7 (19.0)*
Site 2 4.9 ( 8.6)*
Gosnells 3.3 ( 6.4)
Rivervale 2.9 (4.5)*%
Jandakot
Site 1 3.0 ( 4.4)
Site 2 9.0 (12.7)
Site 3 6.1 (10.6)
Site 4 3.5

( 5.8)

In the context of Table 3 it appears that a total

dirtiness level that might result in a complaint

in one area (residential or commercial) may not have

the  same effect in another area (industrial).
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The results from sampling during the Coogee Air Pollution
Study are summarised in Tables 4 to 8. 1In most cases the
levels of total dirtiness are acceptable, both in compari-
son to the metropolitan area as a whole and for the nature
of the Coogee area as it presently exists. The exceptions
were the months of January, February and March at the
Naval Base gauge and January and February at the gauge
located at site 2, where the total dirtiness readings

were such that complaints could be expected. It should

be noted that both of these sites are outside the CAPS

area (see Fig.3).
In addition to total dirtiness, CERL dust gauge samples

have been analysed for iron oxide and aluminium., These

results are summarised in Tables 4 to 8.

3.3.1 High Volume Sampling

It is known that particulate matter of around five
micron (5’p) or less is potentially harmfnrl to

(15). Further,

humans from a health point of view
the harmful effect pollutants may be enhanced by

the presence of particulate matter in this size range.

The synergistic effects of sulphur dioxide with
smoke are well known from United Kingdom studies(l6)
and the synergistic effect of sulphur dioxide with
other particulate matter has also been reviewed and
described(l6’ 18). The World Health Organisation
long term goals also emphasise the relationship

(2)

between particulate matter and sulphur dioxide .

At the outset of CAPS it was recognised that some
information about particulate size and dust loading
was necessary to identify any potential synergistic
effect; for example, between sulphur dioxide and

alumina dust.
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In the current study particulate size could not
be determined from the smoke or dust measurements

described above.

Accordingly, attempts were made using high volume
samplers and MRE gravimetric dust samplers to
obtain levels of total dust and the proportion
and nature of the dust below five micron in size,

but these were unsuccessful.

Further research would be required to obtain
sufficiently accurate data to determine if there
were sufficient particles in the necessary size
range to allow for the possibility of a synergis-
tic effect.

Vegetation Survey

Chemical monitoring of sulphur dioxide and smoke, as
described in Section 3.2, is limited in terms of the
coverage it can give by problems of logistics and expense.
Accordingly, when the Coogee Air Pollution Study was
initiated a vegetation survey was undertaken in an attempt

to extend monitoring in greater depth over the area.

The basic aim of the survey was to estimate the average,

or long term sulphur dioxide levels at various locations

in the CAPS area by measuring the sulphur content of
vegetation and correlating these values with measured
sulphur dioxide levels at chemical monitoring sites.
Sampling of both native vegetation and introduced species
(the latter to minimise variations due to soil) was carried
out on a three monthly basis during the period of the study.
Leaf samples were analysed (washed and unwashed) for

chloride, aluminium and sulphur.
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Methods and Techniques

a) Native Vegetation: Twenty sites were

selected (see Fig.45) using the State Electricity
Commission Kwinana power station as a reference
point. Depending on availability, the leaves of
Blackboy (Xanthorrea predssii), Banksia (Banksia
attenuata), Tuart (Eucalypitus gomphocephala) and
Jarrah (Eucalyptus marginata) were sampled every
three months and analysed for chloride, sulphur
and aluminium. Only Blackboy and Banksia were
found on all sites. Jarrah and Tuart were both
prone to insect attack and leaf fall and both
exhibited marked bursts of new growth, which
characteristics made them unsuitable for sampling.
Control was achieved by sampling all species at a
site distant from the Kwinana industrial complex
(site 20).

b) Introduced Vegetation (Maritime Pine - Pinus

pinasten) : Transplants were dug up in December
1972 from a seedbed and grown in cans in a nursery
until stabilised. The young pines were then placed
in the field (March 1973) in groups of five, at the
twenty sites selected for vegetation sampling. Leaf
samples were analysed as for native vegetation.

Controls were taken from nursery stabilised pines.

Results

From experience in the field and the laboratory it
became apparent that Blackboy was the preferred
bbtanical species of those tested to measure levels
of pollution at a particular site. Blackboy is a
slow growing evergreen and thus accumulates

pollutants over a considerable period of time. It
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was easy to sample quickly and accurately and
did not present problems in washing. All of the
other species tested exhibited shortcomings to

some degree.

Banksia leaves were often sticky and difficult to
wash while Tuart and Jarrah were prone to insect
attack and leaf fall as mentioned above. In
retrospect, the choice of young Pinus pinasten
proved unsatisfactory as the young plants contin-
nally exhibited new growth which in many cases had
to be sampled due to lack of more mature material.
As a result analyses were variable and showed no
observable correlation or trend. This experience
indicates that more mature pines should be used in

an experiment such as was carried out for CAPS.

Accordingly, results of sampling are presented only
for Blackboy and Banksia in Tables 9 and 10. Dis-
cussion of the relationship of pollutant levels
measured in vegetation, to those measured at
chemical monitoring sites is contained in Section
3.7.2.

The following comments are made on the analytical

results (Blackboy figures only) .
a) Sulphur: These results may be graded as below:

i) Very low - under 0.10% sulphur (average)
Sites = V2 and V12 which are exposed to the
sea and V20 which is well to the south of
the CAPS area.

ii) Low - between 0.10 and 0.12% sulphur (average)
Sites - V1 which is exposed to the sea, V13,
V14, V15 and V15A which are in the middle of
the CAPS area and V18.
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iii) Medium - between 0.12 and 0.14% sulphur
(average)
Sites - V8 and V10 which are not exposed to

prevailing southwest winds.

iv) High - between 0.14 and 0.16% sulphur (average)
Sites - V3, V4, V5, V6 and V11l which are all in
the path of the prevailing wind and at the
southern end of the CAPS area; V7, V9 V16
and V17.

V) Very High - above 0.16% sulphur (average)
Site - V19, 1300 m northeast of the CAPS area.

b) Chloride: High and consistent figures have been
obtained where plants are exposed to the open sea
and where sea spray and salt are most obviously
responsible. Sites such as V1, V2, V3, V8, V11l and
V16 show this trend. The possibility of the
emission of industrial chloride cannot be ruled out.
However, in the leaves of vegetation sampled, levels
of chloride could have been raised by the presence
of industrial pollutants, and conversely, the
presence of chloride could have been a factor in in-
creased levels of industrial pollutants. In turn,
combinations of these factors with or without the
addition of insect attack (and other natural condi-
tions) may be responsible for some of the vegetation
damage that is apparent in the area. More specific
research would be needed before damage to vegetation

could be linked to industrial pollution.

c) Alumina: It was assumed that the aluminium
analysed was mainly due to alumina dust and not to
contamination from other sources. Then, a combina-
tion of dust from ship loading and the alumina works
itself seems responsible for the relatively high
levels at sitesV1, v2, v3, V4, V5 and V11l.
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The effect of alumina on vegetation is not known

although this particulate material is alkaline

(pH

10.4) and contains about 0.35% of water

soluble salts.

Conclusions

i)

ii)

iii)

Blackboy tips (sampled at the recently mature
stage) were found to be the most satisfactory
plant indicator to measure the effect of long
term levels of sulphur dioxide on vegetation.
Correlation of the levels of sulphur measured
in Blackboy with ground level concentrations
of sulphur dioxide is considered more fully in
Section 3.7.2,

Generally, the sulphur content of plant samples
decreased with increasing distance from the
Kwinana industrial complex. In addition, the
effects of two secondary sulphur dioxide emission
sources was shown by analysis of vegetation for

sulphur.

Valuable experience in the methods and techniques
of vegetation sampling and analysis was gained.
This experience could be applied in future pollu-

tion studies.

Industrial Emissions

As shown on Figure 2 a total of eight industries, having

between them fourteen emission sources, willingly contributed

information to the Coogee Air Pollution Study. The data

obtained from the industries included the total output of

sulphur dioxide per half hour from each source as well as
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data relating to the condition of the flue gases. The
depth of information obtained in this way allowed the
use of modelling techniques to predict possible future
ground level concentrations of sulphur dioxide. These

results are discussed in PART B of this section.

Information as to the rate of emission of particulate
matter was not obtained as measurements are not available

at the present time.

Figure 46 shows graphically the total output of sulphur
dioxide per day over the fourteen months of the study

for all industries south of the CAPS area while Figures
47 to 49 show the daily emission rates for three of the

emission sources nearest to the CAPS area.

Table 11 lists the average daily emission of sulphur
dioxide for each of the eight industries for the whole
period of the study as well as the average daily emission
for each month of the study. The table thus gives an
indication of the average amount of sulphur dioxide emitted
by each industry as well as the way in which this amount

varied during the year.

Controlled Experiments

3.6.1 Smoke Trail Experiments

As indicated in earlier discussion (see Section
3.1.3), it had been suggested that Mt Brown could
modify air flow to increase ground level concentra-

tions of pollutants over part of the CAPS area.

In an attempt to qualitatively determine the effect
of Mt Brown on air flow two experiments were

carried out as part of CAPS. The aim of the
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experiments was to detect downwind disturbances
in the airflow pattern (by the use of smoke trails)
which could indicate possible increases in ground

level concentrations of pollutants.

The first experiment, carried out on 7 December
1972, involved the emission of puffs of black

smoke from one of the State Electricity Commission
Kwinana power station stacks. Each puff was of
approximately thirty seconds duration, a total of
five being emitted at two minute intervals.
Beginning at the time of emission of the second
puff, coloured smoke flares were set off from the
top and bottom of Mt Brown. The complete exercise
was photographed with still and movie cameras from

six vantage point (see Fig.50).

This first experiment was rather inconclusive
although a general downward movement of the puffs
of smoke was observed both before and, more
markedly, after Mt Brown, while the smoke from
the flares slioired a strong tendency to follow the

topography.

A second experiment, carried out on 21 March 1973,
was more informative. This time a single contin-
uous plume of black smoke of three minutes duration
was released from the SEC power station stack
followed by the consecutive release of smoke

flares at 300 m, 240 m, 180m, 120 m and 60 m

above Mt Brown. Again, still and movie cameras
were used to record the downwind movement of the

smoke and flares.

Figure 51 is a composite representation of the

behaviour of the smoke plume and the flares, being
made up from the series of photographs taken from
a position on Garden Island at right angles to the

direction of wind flow.
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In Figure 52 typical mountain flow patterns are
depicted. The wind profile experienced at South
Coogee during the experiment described above is
shown in the final diagram, 6. Winds increased
in strength in the levels above the summit of Mt
Brown in much the same way as shown in the third
diagram, 3. However, wind speeds were lighter
and a wind flow pattern resembling a combination
of the second and third diagrams would have been

expected.

The results of the experiment, especially the
continuous smoke plume tended to show the sinu-
soidal effect of the third diagram in Figure 52.
The smoke flares also showed the disturbed flow
pattern at lower levels as indicated in the second
diagram. Turbulence in the smoke plume (as in

the first experiment) appeared to occur both

before and after Mt Brown.

In general, the results of the experiment showed
agreement with the accepted theory of airflow over
an obstruction; ie a degree of turbulence and
abnormal vertical motion as confirmed by photo-
graphs, and added weight to the suggestion that
increased levels of air pollution might occur over
part of the CAPS area.

Tracer Experiments

At the outset of the Coogee Air Pollution study it

was recognised that it would be relatively straight
forward to collect data about particular levels of
pollutants in particular places and furtner, to
associate these levels with particular sets of meteo-
rological conditions. However, it was also recognised

that it would not be nearly so straightforward to
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determine accurately just which source, or
combination of sources, was responsible for

these levels.

One method by which it was hoped such correla-
tions could be carried out was mathematical
modelling. Such modelling has been completed and
is described in PART B of this section. However,
no logistically practicable model can completely
replicate the real conditions and further, any
model that is used must be verified against real

data if it is to be meaningful.

Therefore, it was decided to use chemical tracers
to define the fallout pattern of pollutants from
the various industries. In this method a volatile
chemical is injected into a stack under normal
load conditions and a number of air samples are
collected downwind of the stack before, during and
after the period the chemical is being emitted.
The air samples are then analysed for the presence
of the chemical, which should be such as can be
detected in extremely small concentrations. A
contour map of the chemical fallout can then be

produced from the results of the analysis.

A substantial amount of work has been carried out
overseas on chemical tracers and their use to de-
fine pollutant fallout(zo' 21). In the present
study it was intended to carry out a trial experi-
ment to see if the method could be applied cuccegg-
fully in the Western Australian situation and

then to proceed with further full-scale experiments

as practicable,

Ideally, a single chemical tracer could be used
under varying sets of weather conditions to define

dispersion from several sources, and combinations
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of tracers could be used at the same time from
several sources to define the contribution of each
source to the overall ground level concentrations

of pollutants.

In practice this total plan could not be achieved
over the study period, mainly due to logistical
difficulties and the vagaries of the weather.
Nevertheless, the work that was carried out was
informative and pointed to the importance and use=-
fulness of this method for future air monitoring

work.

After completion of a successful trial experiment
to define and test the method, one full scale
experiment was carried out. In this experiment
sixty-five kilogram of "Freon 11" (tri~-chlorofluo-
romethane) were used as the chemical tracer, being
released from one of the State Electricity Kwinana
power station stacks over a period of twenty
minutes on the afternoon of 5 December 1973, Air
samples were collected at sixty-six sites on a
predetermined grid covering the CAPS area and its
surrounds. The samples were collected over a period
of four minutes at six ninute intervals, the first

sample being taken ag a control before the release

¥

he "Preon".

(%)
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Analysis of the collected air samples was carried
out using gas chromatographic facilities at the
School of Chemistry, University of Western Australia.
Measurements of wind speed and direction were made
at a number of altitudes before, during and after
the experiment by officers of the Bureau of Meteoro-

logy using theodolite tracked balloons.

The results of the experiment are shown in Figure 53.

The contour lines on Figure 53 are a visual best fit



to the data obtained and represent lines of equal

ground level concentration of the "Freon" as

detected, Due to logistical constraints it was

not possible to carry out the tracer experiment

at a time when the wind was blowing directely over

the CAPS area. Nevertheless, certain conclusions

can be drawn from the results that were obtained.

i)

ii)

iii)

iv)

The maximum ground level concentration
observed for the "Freon" fell within the
range of theoretical predictions for the
maximum ground level concentration of sulphur

dioxide emitted under similar conditions.

Perturbations in the concentration contours
south and north of Mt Brown further confirmed
the suggestion that topography at the southern
end of the CAPS area plays a part in determi-

ning ground level concentrations of pollutants.

Comparison of the results obtained with theo-
retical contours predicted by the mathematical
model used in PART B of this section gives
close agreement. The theoretical ground level
contours for the tracer experiment are shown

on the overlay to Figure 53.

A general conclusion is that chemical tracers
are a useful and informative environmental
aid that can be successfully applied in the

Western Australian industrial situation.



3.7 Discussion of Results

3.7.1 Correlation of Ground Level Concentrations of
Sulphur Dioxide with Wind Conditions

Tables 12 to 23 give for each twenty-four hour
monitor the five highest readings and the highest
reading for each month of sulphur dioxide and smoke.
(It should be noted that monitors numbered 501 to
517 have not been equipped to measure smoke.) Each
table lists the percentage of wind blowing from the
sector 170° to 230° (ie the sector in which the wind
will blow from Kwinana industry over the CAPS area),
the highest percentage of wind for the day and its
direction, the average velocity and stability for
each of the above directions, and the percentage calm
for the day.

These tables give a gqualitative idea of the relation-
ship of ground level concentration and wird. In

PART B of this section a mathematical moclel has been
used in an attempt to more precisely correlate ground
level concentration, wind and industrial output of

sulphur dioxide.

Nevertheless, several useful comments can be made on

the data as it is presented in Tables 12 to 23.

i) The highest twenty-four hour ground level
concentrations of sulphur dioxide during the
period of the study, occurred at the southern
end of the CAPS area, and were recorded on days
(most often in the months November to March)
when the predominant wind direction was in the
170° to 230° sector.
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The maximum twenty-four hour value of 283
microgram per cubic metre was recorded at

site 2 (300 m southwest of Mt Brown; see
Fig.3). This site had six days on which the
twenty-four hour sulphur dioxide value exceeded
200 microgram per cubic metre. The State
Electricity Commission site mentioned earlier
(see site 501, Introduction, page 3) had three
days on which the twenty-four hour sulphur
dioxide value exceeded 100 microgram per cubic
metre, the maximum of 189 being recorded in
December 1973.

The maximum value recorded on the CAPS area was
126 microgram per cubic metre at site 7 (350 m
northeast of Mt Brown). Other values greater
than 100, were recorded at sites 1 and 3 out-
side the CAPS area and site 4 within the CAPS

area (see Fig.3 and Table 1).

Twenty—-four hour ground level concertrations of
sulphur dioxide recorded at sites further to
the north (see Fig.3, sites 4, 5, 6, 514, 515
and 516) can be attributed to a combination of
industry to the south and northeast of the CAPS

areda.

The maximum value recorded at these sites was
111 microgram per cubic metre at site 4, which
is on top of the coastal limestone ridge (eleva-

tion above sea level approximately 30 m).

The maximum value recorded in the northern arc
of monitors was 67 microgram per cubic metre at
site 516 which is 600 m northeast of the

northeastern corner of the CAPS area.
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Correlation of Vegetation Survey Results with
Ground Level Concentrations of Sulphur Digxide

Table 24 lists for comparison the annual mean sulphur
dioxide concentration and the average percentage of
sulphur measured in Blackboy, for each monitoring

site at which data is available.

Figure 45 contains a visual representation of the
sulphur and sulphur dioxide levels listed in Table
24, There is an obvious relationship between the

two and in fact the coefficient of linear correlation
is 0.85 (0.94 if site 2 is excluded).

Sampling of vegetation (in particular Blackboy) has
therefore proved a satisfactory indicator of atmos-
pheric sulphur dioxide. The method could be extended
to give a more detailed coverage of the CAPS area or

it could be applied in other areas.

Relationship of Measured Sulphur Dioxide Levels to
Health Standards

Table 25 lists some of the ambient air standards and
criteria for sulphur dioxide that have been adopted
in other countries. The following notes apply to
this Table.

i) All figures are in microgram per cubic metre
with the relevant value in parts per hundred
million given in brackets. All standards are
not to be exceeded more than once per year

unless otherwise noted below.

ii) The World Health Organisation figure of 60 micro-
gram per cubic metre ig geen s a long term goal.

An additional goal of ninety=-eight percent of
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iv)

v)

vi)
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observations less than 200 microgram per
(2)

cubic metre in a year is also recommended ’

(see also Introduction page 4).

The United States EPA standards are given as
both "primary" and "secondary" standards(l).
Under the Clean Air Amendments of 1970, primary
standards to protect public health are required
by 1975. More stringent standards, to protect
aesthetics, property and vegetation (secondary
standards) must be achieved within a "reasonable

time", as determined by the US EPA(ZZ).

The USSR short term standard refers to a single

incident.

The Swedish short term standard refers to the
half hour average which can be exceeded fifteen
times per month. The twenty-four hour average

can be exceeded only once per month.

The Japanese short term standard is the maximum
value of hourly measurements, while the twenty-
four hour level is the maximum daily average of

hourly measurements.,

It is apparent from examination of Table 25 that

standards can vary quite considerably from country to

country. As noted in the Introduction to this Report
(page 3) the United States EPA standards have been

used as guidelines for Western Australia. More

recently it has been suggested that the World Health

Organisation long term goals may be recommended for

use as guidelines for air quality in Australia

(page 4).

Tables 1 and 2 can be used to compare the measured

ground level concentrations of sulphur dioxide over
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the CAPS area @uring the period of the study)
with the standards and criteria noted in Table
25. It is clear from examination of these

tables that the maximum levels measured on and
around the CAPS area during the fourteen months
of the study were well below both the United
States EPA standards and the World Health Organi-
sation long term goals, with the exception of one
site. This was site 2 which was situated 300 m
southwest of Mt Brown and just outside the CAPS

areae.

As has already been noted (page 40) the maximum
twenty~four hour value obtained at this site was
283 microgram per cubic metre. As listed in Table
1 there were four days on which the twenty-four
hour ground level concentration of sulphur dioxide
exceeded the United States EPA secondary standard
and six days when the twenty-four hour ground level
concentration of sulphur dioxide exceeded 200
microgram per cubic metre (for comparison to the

WHO long term goal).
Predictions of possible future ground level concen-

trations of sulphur dioxide are given in PART B of

this section.

Other Significant Areas Considered

3.7,4.1 Odours

Officers involved in the Coogee Air
Pollution Study visited the area, both
individually and as a "panel" in the day-
time and at night, during the study pericd.

It is well known that the human nose is
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extremely sensitive to certain odours and

can often detect concentrations substan-
tially below those detectable by physical

or chemical means. In this sense it was
appropriate that it was people who considered

at first hand the question of odours,

The conclusions drawn as a result of these

visits are that:

i) Several distinct odours are noticeable
at the southern end of the CAPS area when
the wind is blowing from the industrial
complex. These are the so-called "alkali
smell" (which is most often noticeable)
from the alumina refinery, a "hydrocarbon"
odour from the oil refinery, a "phenolic"
odour from a chemical company manufacturing
weedicides, and infrequent odours attribu-

table to other industries.

ii) It was the experience of observing
officers that sensitivity to these odours
did not decrease over periods of several

hours.

iii) A more complete picture of the

extent of "odour penetration" into the CAPS
area is given by observations of techni-
cians who have been servicing meonitoring
equipment regularly. The majority of these
observations have been made in the early

morning.

The "alkali smell" has been most noticeable
during light winds from the south and south-
west and has been experienced as far as
monitoring site 7 and occasionally at

monitoring site 6.
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The "oil refinery smell”™ was noticed on
cccasions at site 2 again in south and
southwest winds while a "sulphur dioxide
smeil”™ has been observed at sites 2, 7
and 3. On a single occasion the same
smell was noted at site 5 while an

sasterly wind was blowing.

Infrequently a "sewage smell" was cbserved
at sites 5 and 6 with northerly winds and
once under calm conditions a "superphos-

phate smell" was noted at site 5.

The Woodman Point waste water treatment
plant which lies 900 m north of the north-
west corner of the CAPS area has been

(26)

suggested as a possible source of odours .

Sewage from this treatment plant has a
potential for odour greater than otherx
metropolitan sewage treatment works since
the sewage to be treated is pumped long
distances (as far away as Guildford) and
undergoes some anaerobic decomposition in

tyransit.

Generally, odour problems associated with
treatment plants are worst in the evenings
and early hours of the morning., Seasonally

they are worst in the autumn and spring.

The Woodman Point plant at its present
stage of development has reached approxi-
mately ten pervcent of its full potential
develcpment. More complete eliminaticon of
cdour problems would involve the total
encliosure cf much of the plant and extrac-

tion and burning of gases. Not only would
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this be financially prohibitive but
complete success could not be guaranteed

irrespective of the amount of money spent.

The Metropolitan Water Board has received
complaints concerning unpleasant odours

from as far away as Hamilton Hill, although
these odours have not been specifically
linked to the Woodman Point plant. However,
from the Board's experience with other
metropolitan plants such complaints could

be associated with the Woodman Point plant.

A new "odour burner" will be operating at
the Woodman Point treatment works in the
near future. While the Board is hoping
that considerable improvement will result
it certainly will not eliminate all odour

sources.

3.7.4.2 Noise

Both Cockburn and Rockingham Roads are busy
routes for cars and heavy haulage transport.
However, Cockburn Road to the west is shiel-
ded from the CAPS area to some extent by a
limestone ridge while Rockingham Road to the
east is at present bordered by large trees

and scrub.

Subjective comment from departmental officers
who have worked regularly in the area (both
early in the morning and during the day) is
that present traffic noise levels are not

unusually high.
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Industrial noise is not apparent over the

CAPS area except occasionally at the extreme
southern end when the wind is blowing from

the industrial complex.

Accidental Emissions

In the report of the Air Pollution Control
)

Council(9 it was considered that acciden-
tal emission of a toxic pollutant would be
a potential hazard to the residents of the
proposed housing development at South
Coogee. As an example, the APCC cited
the accidental release of sulphur trioxide

which occurred in February 1972,

The general gquestion of hazard to neigh-
bourhoods from the large scale use and
storage of toxic flammable substances is
discussed at length in the Report of the
Committee on Safety and Health (chaired by
Lord Robens and presented to the English
Parliament in 1972)(27),

In the present study no direct attempt was
made to ascertain the effect of, or poten-
tial for, an accidental emission of a toxic
pollutant. However, it is evident from an
examination of the data presented in this
Report, that in the event of an accidental
emission of a toxic pollutant occurring
(without regard to the probability of such
an occurrence), given the appropriate
weather conditions, the CAPS area would be
subject to "fallout".

The extent and effect of such fallout could

only be determined if the amount and nature
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of the emission was known. In this
context mathematical models, such as the
one described in PART B of this section,
could be used to predict ground level
concentrations of an emission of toxic

pollutant.

3.7.4.4 Aesthetic Considerations

In a community sense, Perth citizens are
proud of and sensitive about the brilliance
and clarity of our skies. Emissions from
industry, both the visible plumes from the
stacks and the general haze associated with
the industrial processes cause deterioration
in this characteristically Western Australian

attraction.

Long lasting visible plumes from major
industrial sources are caused by either or
both, water droplets condensed around
sulphur dioxide and sulphur trioxide
nucleii and very finely divided solid
particles which do not settle rapidly
enough to be recorded by dust gauges. Very
finely divided solid material, especially
when strongly coloured or in a particular
size range which has maximum optical

effects, can produce very persistent trails.

Whether these persistent plumes are
aesthetically objectionable is to some
degree a matter for individual taste. How-
ever, in an area repeatedly subject to such
intrusions they may arouse from residents

adverse comment unrelated to health aspects,
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Acid Smuts

The removal of soot from industrial chimneys
by blowing steam through them is a potential
source of acid smuts. Under suitable meteo-
rological conditions these smuts could be
carried into the CAPS area and would be
expected to be a cause of complaint from

residents.
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PART B MATHEMATICAL MODELLING

The Model

A climatological mathematical dispersion model was
chosen to determine and predict long term (seasonal or
annual) pollutant concentrations at the seven, twenty-
four hour sulphur dioxide monitoring sites (see Fig.3,
sites 1 to 7) operated during CAPS by the Public Health
Department. Validation of the model was possible by
comparing the measured ground level concentrations of
sulphur dioxide with those predicted by the model.
Average emission rates from the point sources and a
frequency distribution combining wind direction, wind

speed and stability were the basic input to the model.

The atmospheric diffusion model used in this study was
based on a model developed by Martin and Tickvart(zg),
Basic output is in the form of a calculated long term

average ground level pollutant concentration.

Pasquill diffusion equations(zg) were used to calculate
the downwind ground level concentrations from a set of
point sources. Briggs' plume rise formula* was used to
calculate the effective stack height (the height at which

the plume centre line becomes horizontal).

* The effective stack height (hg) is the sum of the
physical stack height and the plume rise. Plume
rise_is calculated using Briggs' plume rise formu-

lae (30),
An = 1.erY/3 471, x%/3
where : F = 3.7. lO_SQH (metre seconds)
Ah = plume rise
u = wind speed
X = downwind distance

Qg = heat output of stack (cal.sec™ 1)
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Although change in wind direction is a continuous
function over a long period, for computation purposes
discrete wind directions of 45° (corresponding to an
eight-point compass) were used. Then, for seasonal or
longer periods, all wind directions within a given 45°
sector are assumed to occur with equal frequency.
Consequently air pollutants must be assumed to be
uniformly distributed in the horizontal within the

sector under consideration.

When a receptor is to one side of the receptor centre line
the ground level concentration is composed of proportional
contributions from both the sector containing the receptor
and the nearest adjacent sector. The average ground level
concentration at a receptor, due to all the sources 1is
then given by a process of summation of the contributions
of all the emission sources, taking into account the

variability of the wind.

Data Input

3.9.1 Grid and Point Sources

Sources and receptors were located by X - Y
coordinates referred to a rectangular grid having
its origin at an arbitrary point approximately ten

miles southwest of Rockingham.

3.9.2 Meteorological Parameters

Wind direction, speed and stability data were
prepared in the form of a function which gave the
joint frequency of occurrence of a wind direction
sector k, with a wind speed class 1 and a stability

index m.
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Stability categories: Three stability

categories, representing Turners classes

B, C and D(Bl) were used. These were
obtained from Pasquills categories(zg) as
shown below:
Pasquill Turner Model Category
1
B
2
C
5
6
7 D 3
8
9
Wind speed class: The representative wind

speed for each class was taken as the mid-
interval value for each of the six classes

shown below:

Wind Speed Speed Interval Class Wind Speed

Class (m/sec) (m/sec)

1 - 1.6 0.67

2 2.1 - 3.2 2,46

3 . - 5.4 4.47

4 - 8.6 6.93

5 9.1 - 11.3 9.61

6 > 11.3 12.52
Dispersion Functions: An analytical approx-
imation to the curves of Pasquill(zg) and
Gifford(32) for the vertical dispersion
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functions g~y (/Dn) was made using an
empirical power law of the form:

G_Z (ﬂ]) = a./Onb

The variables a and b for the stability
classifications were obtained from Turner's
"Workbook of Atmospheric Dispersion

Estimates"(3l).

Emission Data

Average monthly and yearly emissions of sulphur
dioxide were calculated from the hourly emission data

available for each of the sources.

3.10 Limitations of the Model

3.10.1

3.10.2

3.10.3

The model used in this study was originally
developed for point sources on a flat terrain and
for distances of travel of no more than 10 kilo-
metre. Hence, plume travel over distances greater
than this cannot be accurately accounted for,

especially in the case of rough terrain.

Only surface meteorological data was used for
input to the model. Vertical wind and temperature

soundings were not available.

Little is known about the mixing height over the
coastal strip. Thus, the values used for mixing
depth in the modelling are best available estimates

only.



3.10.4 The sea breeze regime was difficult to model,
due to the wide variation of vertical diffusion
co-efficients from those predicted. Hence, in the
case of the sea breeze the applied values could be

significantly in error.

3.11 Results

Results of modelling are summarised in Figs. 54 to 61.
Figs. 54 to 60 show the calculated and measured average
monthly ground level concentrations of sulphur dioxide
for the Public Health Department monitoring sites (Fig.3,
sites 1 to 7) for the year March 1973 to February 1974.
Fig.61 shows the calculated and measured annual mean
ground level concentration and two predictions of future

levels.

For the first precdiction all major industries in the
Kwinana and Coogee area are assumed to be using oil at
3.5% sulphur content, except the State Electricity
Commission Kwinana power station which is rated at a
generating capacity of 880 megawatts and using 2.5%

sulphur oil.

The second prediction assumes the operation of a large
iron and steel works in the Kwinana area, and all the
major industries to be using oil at 3.5% sulphur content,
except the SEC power station which is projected to 2000

megawatts using 2.5% sulphur oil.

3.11.1 "Freon" Release Tracer Experiment

As noted in Section 3.6.2 a tracer experiment was
carried out as part of CAPS. This experiment was
modelled using the dispersion parameters which were

applied in the model discussed above.
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At the time of the tracer experiment meteorolo-
gical measurements were made of temperature and
wind velocity to an altitude of 500 metre. Thus,
in this case, data input for modelling was complete
and predictions of ground level concentration

profiles could be reliably prepared.

These theoretical "contours" are presented as an

overlay to Fig.53.

3.12 Conclusions

Despite the limitations noted above, the model was devel-
oped to a degree where it was used to predict the effect
of increased emissions of sulphur dioxide over the CAPS
area. These predictions (see Fig.61l) indicate that levels
of sulphur dioxide could treble over the CAPS area in the
future, given the assumptions made about fuel usage and

industrial expansion (see 3.11).

The model would need to be further refined before it could
be used to accurately predict short term and long term
ground level concentrations under all seasonal conditions.

The following conclusions are drawn in this context.

3.12.1 Results obtained from the model in its present
stage of development indicate that it is unlikely
that ground level concentrations can be modelled
from emission data and surface meteorology on a

short term basis. Vertical wind speed and tempera-

ture profiles are needed before this can reliably

be attempted. In addition,; a more detailed know-
ledge of the behaviour of the sea breeze is required
as this represents a major proportion of the input
to the model.
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3.12.2 It is recognised that the stability classes used
in the prototype model were over-simplified, and a

more extensive classification is proposed.

3.12.3 4s° sectors, at first believed to simulate the
variability of the local winds, are possibly too
large for all wind conditions, and variable sector
angles to suit different meteorological conditions

are being considered.

3.12.4 1In general, results predicted from the model will
be low as the plume rise was calculated using

surface wind data.

3.12.5 A more detailed knowledge of air movements in the
region of Mt Brown is necessary to explain the
consistently high readings of sulphur dioxide
(greater than those predicted - especially from
October to May) obtained at monitoring site 2 and
to a lesser extent at monitoring site 7 (see Fig.3).
Consideration of topography could also be important
in this context as the model does not take this

variable into account at the present time.

3.12.6 Even though the model is only at an early stage of
development it has provided useful information about
dispersion of pollutants in the Kwinana area. With
further refinement and adequate input data it should
prove an important tool in future air pollution

management,
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PART C CONCLUSIONS

3.13 The following conclusions, on which recommendations may

be made,

3.13.1

3.13.2

3.13.3

have been drawn from the study.

Atmospheric sulphur dioxide pollution has
approached the figure for ground level concen-
trations recommended by the World Health
Organisation as a long term goal and exceeded

the United States EPA secondary,standard at
monitoring site 2 outside the éAPé area. The

WHO criteria take into consideration both

sulphur dioxide and smoke. Smoke levels measured
during the study at site 2 are exceptionally low
when compared to those experienced in the

northern hemisphere.

All measurements at monitoring sites within the

CAPS area have been well below these criteria.

Meteorological observations in the year of the
study could not be classed as "average" and

almost certainly do not represent an extreme

potential for air pollution. It is thus con-

sidered possible that the WHO recommended levels
for sulphur dioxide may be exceeded within an

area south of an arc centred on the 180 m stack

of the State Electricity Commission Kwinana power
station (as a reference point) and passing through
monitoring site 7, thus including the extreme

southern part of the CAPS area.

Although computer modelling of the conditions
prevailing in the area could not accurately

predict ground level concentration of sulphur



3.13.4

3.13.5

3.13.6

dioxide it does suggest that in the event of
increases in power output using fuel oil, the
conversion of all industries to fuel o0il and

the operation of a large iron and steel industry
in Kwinana, ground level concentrations of sulphur
dioxide can be expected to treble throughout the
CAPS area.

The use of alternative fuels (such as natural gas
and coal) which are under active consideration at

the present time could lower this projected rise.

There is no evidence to suggest that sulphur dioxide
pollution levels in the northern half of the area

are likely to exceed the WHO recommended levels.

Sharp increases in ground level concentration with
increasing altitude are predicted by all dispersion
formulae. Measurements made during the study at

monitoring sites 2 and 4 tend to support this theory.

The moderately dense vegetation surrounding
stations 3 and 6 has apparently reduced the ground
level concentration of sulphur dioxide below that
which would be expected, and consequently levels
could rise on clearing of vegetation for residen-

tial development.

Unpleasant odours from Kwinana industries and a
nearby waste water treatment works are present in
the area for some of the time. The offensiveness
of the odours has been observed to persist over

several hours.



3.13.7 There is a possibility of acid smuts being carried

into the area from the burning of fuel oil.

3.13.8 Noise levels in the area do not appear to be

higher than is general in residential areas.

3.13.9 Knowledge, expertise and techniques have been
developed which will have wide-ranging applications
for future air pollution studies. However, it has
become apparent during the course of CAPS that
future studies of this nature will require speci-

fic manpower, instrumentation and monetary budgets.
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TABLE 1 -

Seven highest sulpliur dioxide and associated smoke concentrations

for each sulphur dioxide monitoring site
microgram per cubic metre).

(both values are in

MONITORING SITE 513 MONITORING SITE 1 IMONITORING SITE 2
Date 502 Smoke Date 502 Smoke Date SO? Smoke
3.1.74 52 - 13.12.73 112 0 3.1.74 283 0
15.1.74 46 - 29.12.73 79 0 4.1.74 272 G
11.9.73 43 - 4.1.73 75 0 14.11.73 269 0
17.11.73 42 - 11.9.73 69 0 g§.2.74 262 6
17.10.73 41 - 5.1.73 64 0 2.1.74 251 10
18.11.73 35 - 2.1.74 64 0 9.2.74 223
31.3.73 35 - 1.1.73 63 0 8.1.74 195

MOWITORING SITE 3 FIONITORING SITE 501 MONITORING SITE 7
15.8.73 115 0 26.12.73 189 - 26.1.74 126 0
26.1.74 114 2 4.12.73 141 - 3.1.74 112 0
31.8.73 100 6] 19.12.73 113 - 23.1.74 63 0
20.2.74 95 G 27.1.73 100 - 31.3.73 62 -
2.2.73 86 1 2.2.73 100 - 14.11.73 60 0]
7.1.74 71 0 3.2.73 100 - 18.11.73 58 0
1.2.73 69 0 13.11.73 95 - 17.11.73 54 3

.« Cont'd




TABLLD 1 -

(cont'd)

POJITORING SITLE 4 HOWITORING SITE 5 HONITORING SITE 6
vate 1 COZ Smole Date 802 Smoke Date 802 Smoke
31.3.73 111 1 31.3.73 62 - 24.1.73 61 -
3.1.74 58 2 14.11.73 60 0 25.1.73 36 -
14.11.73 54 0 26.1.73 44 1 31.1.73 31 0
18.1.74 51 0 11.1.73 36 0 4.1.73 29 0
30.11.73 48 1 10.1.73 34 1 27.1.73 22 0
17.10.73 A7 0 14.2.74 34 0 26.1.73 21 -
29.12.73 45 0 6.4.73 32 0 12.10.73 21 0

HOWITORILG SITE 514 MONITORING SITE 51 MONITORING SITE 516
15.1.74 81 - 17.1.74 57 - 6.1.74 67 -
11.1.74 77 - 12.12.73 52 - 16.1.74 64 -
31.12.73 76 - 6.1.74 38 - 24.12.73 57 -
26.1.74 72 - 16.1.74 37 - 31.12.73 55 -
23.1.74 69 - 21.3.73 36 - 22.12.73 53 -
21.1.74 46 - 30.7.73 35 - 4.1.74 53 -
5.1.74 46 - 24.12.73 35 - 28.3.73 52 -

€9



TABLE 2 - Maximum recorded
per cubic metre)

éulphur dioxide concentrations (microgram
January 1973 to February 1974.

Average taken for eight months

. Continuous Ealf hour Three hours Twenty-four hours One month One Year
Monitor ilarch "73-February '74
1056 (5.10.73) 492 (5.10.73) 116 (5.10.73) 35 20 g+
1701 788 (23.12.73) | 444 (5.1.74) 76 (5.1.74) :
| 740 (5.1.74) | 404 (9.12.73) 73 (18.1.74) January 1974
158 (19.3.73) 94 (8.3.73) 16 (17.10.73) 5
702 156 (7.3.73) 85 (4.3.73) 14 (4.3.73) . 1.2*%*
134 (4.3.73) 73 (7.3.73) 13 (8.3.73) Harch 1973
Twenty-four | 5,5 2 3 501 7 4 5 6 514 ; 515 516
hour monitor g
Twenty-four 52 | 112 283 115 189 26 111 62 61 81 57 67
hours 3.1 74il3. 2.7313.1.74{15.8.7326.12.73{26.1.74{31.3.73131.3.73{24.1.73{15.1.74{17.1.74{6.1.74
|
One 12 |35 125 |29 |55 26 15 15 12 32 11 21
month Jan'74!D c '73 | Jan'74|Jan'73 Dec '73 | Jan '74 |Dec '73|Feb '74 |Jan '73|Jan '74|Jan '74|Jan '74
]
One Year i
(vlarch '73 5.7 | 8.5 32.0 7.8 16.7 10.7 7.6 6.2 3.5 6.9 4.1 9.0
- Feb '74) !
* Average taken for five months
* %
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TABLE 4
CERL DUST GAUGE - NAVAL BASE

TOTAL PERCENTAGE PERCENTAGE

DIRTINESS Aly03 Fe,03
January 4.3 43.4 =
1973
February 4.2 17.8 -
March 6.9 - -
April - - -
May - - -
June 3.5 36.5 7.1
July 1.1 3.6 1.7
August 2.5 1.7 2.5
September 1.3 13.8 5.6
October - - -
November 3.2 35.0 4.0
December 2.1 32.3 5.2
January 8.5 - -
1974
February 5.9 47.5 4.6




TABLE 5
CERL DUST GAUGE - MONITORING SITE NO.2

TOTAL PERCENTAGE PERCENTAGE
DIRTINESS Al,03 Fe,03
January - -
1973
February - -
March - -
April - -
May 3.2 18.5 2.2
June 3.2 29.9 6.7
July 4.0 5.7 1.1
August 2.2 6.5 1.4
September 2.2 30.0 5.4
October 2.8 10.8 4.7
November 3.1 26.3 6.5
December 1.8 37.2 11.5
January 9.3 7.8 13.5
1974
February 3.9 30.2 13.4




TABLE 6
CERL DUST GAUGE - MONITORING SITE NO.4

TOTAL PERCENTAGE PERCENTAGE

DIRTINESS A1203 FeZO3
January - - -
1973
February - - -
March - - -
April - - -
HMay 2.6 13.3 5.1
June 1.3 24,2 4.4
July 1.8 2.5 1.7
August 0.5 0.8 1.1
September 1.5 3.0 2.5
October 2.5 5.0 3.8
November 1.6 9.3 13.3
December 0.9 4.5 8.9
January 3.9 3.0 6.1
1974
February 1.1 10.7 5.9
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TABLE 7
CERL DUST GAUGE - MONITORING SITE NO.7

TOTAL PERCENTAGE PERCENTAGE

DIRTINESS A1203 Fe203
January - - -
1973
February - - -
March - - -
April - - -
May 2.6 - -
June 1.3 - -
July 1.8 - -
August 0.5 2.7 1.6
September 1.5 4,8 1.4
October 2.5 5.3 2.9
November 1.6 4.2 1.1
December 0.9 33.0 8.8
January 3.9 6.7 14.3
1974
February 1.1 19.8 9.2
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TABLE 8
CERL DUST GAUGE - MONITORING SITE NO.701

TOTAL PERCENTAGE PERCENTAGE

DIRTINESS Al203 FeZOB
January - - -
1973
February - - -
March - - -
April - - -
May - - -
June 1.2 32.1 6.5
July 1.4 4.1 2.4
August 1.1 2.6 4,2
September 1.2 5.8 3.4
October 3.6 5.8 4.9
November 1.9 12.7 6.2
December 1.6 12.8 9.0
January 3.2 4.9 14.4
1974
February 1.7 9.0 13.9
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TABLE 9 - Vegetation Survey - Blackboy Tips

(Xanthornea phedssd),

Washed samples reported.

70

SAMPLED FEBRUARY 1973

SAMPLED JUNE 1973

SITE
NO. Chloride| SulphuriAluminium Chloride| Sulphur |{Aluminium
% 3 ppm % % ppm
1 1.65 0.10 870 0.80 0.05 330
2 1.34 0.04 760 0.98 0.04 640
3 1.72 0.18 3,000 0.63 0.12 1,600
4 0.71 0.12 1,000 0.61 0.12 790
5 0.89 0.14 1,100 0.55 0.17 1,000
6 0.49 0.18 730 0.57 0.16" 790
7 1.04 0.22 130 0.65 0.12 150
8 0.97 0.12 330 0.73 0.09 530
9 0.59 0.12 140 0.71 0.15 200
10 0.69 0.10 130 0.67 0.14 160
11 1.40 0.09 1,400 0.95 0.23 820
12 1.14 0.06 410 1.43 0.09 460
13 0.81 0.07 250 0.87 0.13 160
14 0.68 0.09 130 0.43 0.13 140
15 1.36 0.11 380 0.75 0.09 240
15A 1.08 0.15 560 0.35 0.11 550
16 0.85 0.15 290 0.75 0.14 460
17 1.16 0.15 250 0.89 0.16 220
18 0.51 0.05 90 0.71 0.13 170
19 0.43 0.19 120 0.73 0.24 220
20 0.93 0.09 130 0.61 0.08 80
SAMPLED SEPTEMBER 1973 SAMPLED JANUARY 1974
1 1.89 0.11 870 1.14 0.18 610
2 0.65 0.04 1,800 0.89 0.08 820
3 0.79 0.12 2,000 0.71 0.15 1,100
4 0.55 0.16 870 0.83 0.18 720
5 0.59 0.09 620 1.06 0.18 340
6 0.71 0.17 1,300 - - -
7 0.59 0.13 190 0.73 0.17 100
8 0.77 0.17 940 1.06 0.16 460
9 0,61 0.16 150 0.85 0.21 180
10 0.48 0.13 160 0.69 0.15 140
11 1.05 0.11 1,000 0.93 0.17 700
12 1.25 0.09 210 0.93 0.05 220
13 0.71 0.16 80 1.01 0.09 130
14 0.48 0.08 80 1.06 0.11 130
15 0.79 0.14 200 0.63 0.15 290
15A 1.35 0.04 250 0.97 0.13 160
16 0.91 0.14 240 1.14 0.16 380
17 1.25 0.12 280 0.87 0.15 210
! 18 0.87 0.09 150 0.89 0.16 160
119 0.67 0.22 180 0.83 0.18 120
0 20 0.81 0.05 70 0.86 0.06 60




TABLE 10 - Vegetation Survey - Narrow Leafed Banksia

(Banksia attenuaia).

71

Washed samples reported.

SAMPLED FEBRUARY 1973

SAMPLED JUNE 1973

SITE
NO. Chloride| Sulphur| Aluminium Chloride |Sulphur|{Aluminium
3 3 ppm 3 % rpm
1 0.43 0.06 2,300 0.37 0.07 1,100
2 0.58 0.03 2,500 0.39 0.08 2,100
3 0.71 0.13 4,200 0.71 0.10 1,800
4 0.41 |-0.27 1,300 0.24 0.16 1,300
5 0.73 0.14 1,200 0.26 0.07 2,400
6 0.26 0.09 4,000 0.33 0.06 1,800
7 0.45 0.21 710 0.45 0.14 770
8 0.77 0.12 330 0.67 0.08 1,700
9 0.57 0.15 200 0.37 0.11 990
10 0.35 0.27 360 0.41 0.15 390
11 0.75 0.07 1,600 0.39 0.15 1,200
12 0.51 0.03 240 0.61 0.05 1,200
13 0.57 0.05 140 0.35 0.09 160
14 0.53 0.21 1,600 0.49 0.17 1,200
15 - - - - - -
15a 0.77 0.15 570 0.35 0.11 550
16 0.45 0.09 710 0.70 0.12 1,100
17 - - - - - -
18 0.51 0.10 400 0.30 0.19 920
19 0.41 0.20 290 0.32 0.28 620
20 0.93 0.13 420 0.73 0,19 570
SAMPLED SEPTEMBER 1973 | SAMPLED JANUARY 1974
: E
1 0.28 0.07 1,100 . 0.63 0.06 1,100
2 0.28 0.12 3,900 | 0.32 0.11 3,000
3 0.67 0.11 2,600 . 0.51 0.20 3,000
4 0.16 0.20 1,900 . 0.18 0.17 1,500
5 0.22 0.07 5,100 ! 0.20 0.23 680
6 0.48 0.14 5,300 | 0.88 0.18 3,300
7 0.28 0.13 990 ' 0.59 0.11 670
.8 0.30 0.20 1,500 \0.67 0.24 800
9 0.24 0.17 920 ! - - -
;10 0.10 0.18 410 L 0.34 0.19 420
11 0.46 0.04 4,400 L 0.49 0.23 2,700
12 0.40 0.06 1,000 L 0.41 0.08 790
13 0.20 0.12 270 . 0.36 0.15 210
14 0.38 0.13 2,400 . 0.81 0.14 1,800
15 - - - - - -
15A 0.24 0.06 330 0.41 0.15 800
16 0.26 0.10 1,400 0.29 0.09 640
17 - - - - - -
18 0.05 0.23 1,200 . 0.52 0.20 1,300
19 0.38 0.29 380 . 0.32 0.27 330
20 0.18 0.15 560 [ 0.54 0.09 340
4 ;




TABLE 11 - Average

output of sulphur dioxide per day (tonnes) for each industry,

for the study period and for each month of the study period (January
1973 to February 1974)
DAILY DAILY AVERAGE OUTPUT OF SULPHUR DIOXIDE FOR EACH MONTH
INDUSTRY | 2VERAGL
FOR JAN | FEB | MARCH | APRIL| MAY | JUNE | JULY | AUG | SEPT| OCT |NOV | DEC |JAN |FEB
STUDY -
1973 1974
\ PLRIOD
1 31.2 23.3|16.3| 17.1 |25.5 | 25.0 | 32.7 |36.2| 33.8| 40.6| 35.0 |34.1| 30.3 |38.3 |43.1
2 14.3 14.2 | 8.3| 9.5 113.3 | 20.9 [18.6 |{15.7 |18.4| 6.6| 9.7 |16.8|19.0 |19.6 | 9.1
3 8.2 7.2 | 5.6 8.2 8.3 8.2 | 8.2 | 8.5 9.4|10.3|12.0 |10.1| 7.3 | 6.8 | 4.0
4 56.5 39.3 | 54.5|52.9 |65.6 | 59.2 |61.2 |55.4|79.4|58.0|60.8 |58.9 |60.0 {51.3 |34.6
5 2.4 2.1 | 0.8} 3.9 3.9 2.4 | 2.0 | 1.3 | 4.0| 2.0| 0.9 | 2.2 { 2.9 | 2.6 | 1.9
6 9.7 9.1 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7
7 2.1 1.2 0.6 1.5 1.3 2.5 1.8 2.8 2.8 3.0 4.2 3.0 1.8 1.2 1.7
8 7.9 5.3 6.2 4.8 7.6 7.5 6.1 |11.2 8.7 8.0 |10.4 7.0 9.9 9.1 8.8

L




TARLE 12

Monitoring Sie

Councontrations

513 = Covreiation o8 Gronnad

ol

Sulphae

L.ovel
Diovide soid Wind Conditions

“ DALLY WIND I\ SECTOR

TOTAL BLGHEST AVERAGE VELOCITY (m/.éec)/}h\.}()]t STABILITY
DATE GLC* | SMOKE- - R B ANCAVAY 0-1000
170 RO L 90 00 20 ANV 110 e i . kA 170 180 190 200 210 220 230
FIVE HIGHEST READINGS FOR STUDY PERTOD
8uy 8. 9.3 _—112.1 70.3 z
18, . 6.9 )
3.1.74 52 - 2.1 18.7] 8.3| 6.2| 18.71 6.2 - 60.2 - 210° 7 5 A T A L
Th09 53 .9 6. 5.0 6.6 9.3 10, 8.4 |-
15.1.74 b6 - 2.1 2.1 1o.h 8:31 22.91 th.6} - 60.h - 2109 4
. 1802 b2 770 S ; 8.0 . 8.0 - = - -
] - h.2 o2 2.1 - - - 12.6 - 190 o
11.9.73 43 2.1 P2y : 70 L.3 EN P 7.0 7.0 5.2 f
17.11,73 42 - h.2 .31 104 - 2,11 22,0 12,51 60.4 - 220° 22.9 5 4 L v 4 L
: o L.,s5 5.5 T.0 8.8 9.0 - -
17.10.730 41 - 12.5] 4.2 12.5] 10.4] 8.3} - - 47.9 - 1607 27.1 6 6 I 9 6
HIGHEST READTNG FFOR FACH MONTH
= 7.0 .2 L7 7.5 . 8.0 A 87 .
- - 2.1 18.7] 31.2 h,2 2.1 22,9 81.2 - 200°  31.2 3 5 A
31.1.73 7 o - BN .0 5.2 6.3 - 8.3 4 8.0 . 9.1 14
- 4.2 3. . 3. L.2 1.2 .0 - 230 31.2 4 4 5
5.2.73 22 T >, 14 18,7 8.3 3 3 77 5 = " - g - — — —
- .8l h.2] 2.1] 16.74 68.8 6.2 190° 22.9 5 4 I Iy
31.3.73 35 - 2.1 22.9] 20 i A4 6 0 - = s 5 =5 =
5.%.73 24 - 2.1 - 8.3 31.20 2.1 ho2) 12,5 60.4 - 200° 31.2 5 5 I L K L

- o 7.0 3.0 - 5.0 5.0 y 7.5
13.5.73 12 - 5.3 h.2 - G.30 Guel 6.2 W.d 3704 - 1ho" 16.7 5 A 3 3 2 L
Out of | Order - p- - - = .0 4.0 -

7 12 - - - - - 2.1 2,1 - b2 6.2 4o 20,8 3 3
12:7:7) 5 L0 5.0 . L.o 5.3 6.8 -
6.8.73 31 - 8.3} 8.3 8.3 2. 6.2) 12,5 - bs.7 - 507 16.7 5 4 A 3 i

P 180‘; b2 7. 745 - 3.0 - 3.0 = / -
- 2.1 4,2 L2 2,1 - - - 12. - 190 i )
11.9.73 43 3 TS 5.5 8.0 8.8 9.0 - -
. 1 - 12.5) h.2| 12.5/ 10,4 8.3 - - 7.9 - 160 27.1 6 6 L 9 6
17.10.73 ' 5 ° 3.0 I, 5.4 - 7.0 y 5.2
17.11.773 L2 — L.2 8.3] 10.4 - 2.1 22,90 125 60.4 - 220 22.9 5 L L A A L
5 0 Z.5 2.5 4.0 Lo 5.0 L8
14120794 32 - 2.1 o2l 8.3] 2.1 10.4] 6.2 12.4 45.8 - 2h0°  20.0 A L e L A
TBOU g - BN %.9 8.5 5.3 y/ 0. =
3.1.74 52 - 2.1} 18.7] 8.3 6.20 18.7 6.3 - 60.2 - 2100 . L 3 L L
Oout of ] Order
* GLC - Ground level concentration of sulphur

>

Suwoke - microgsram per cubic melre

dioxide in microgram per cubic metre

€L



TABLE 13 NMonitoringg Site 1 — Coircicrion ol Ground Loevel

Conecentritions of sSulphur Diovide and Wind Conditions
% DATLY WIND I\ SECTOR TOTAL ' TGHEST % AVERAGE VELOCITY (m/sec)/MAJon STABILITY
DATE GLC* | SMOKE~*» L70m2500] % CALM | oiuo0 .
170 180 .90 200 210 220 20 PV ) v 170 180 190 200 210 220 230
FIVE HIGHEST READINGS FOR STUDY PERTOD
- o B A .5 5.0 .7 7.0 7.0 6.0
.12, 112 0 10,41 8.3 6.2 12.51 4.2} 2.1] 8.3 52.0 - 240% 22,9 9 4 6 6 9
12.12.73 ! o 2.0 3.2 5.2 6.0 7.5 - 8.3 A 8.8
- 22 L U2 8., 16.7 120.8 85.4 - 180 22.9 9 5 9 6 9
29.12.731 79 0 2,1]22.9] 104 4 2 7 2 TIOT 370 50 5.0 ) - 7.5 8.0
4.1.73 75 0 2.1 h.2] 4.2 6.2) - 8.3012.5 | 17.5 - 130° : 4 4 4 4 4 b
o 7.0 7.5 8.0 8.0, - - -
1.9, 6 0 2.1 4.2 4.2 2.1 - - - 12,6 - 180 L,2 4 L 4 L
11.9:73 k4 . o 5.V 6.8 8.2 8.8 9.7 8.9 -
2,1.74 64 0 L,21 16.7] 22.9 8.3 6.2 29.2! - 87.5 - 220 29.2 = 4 L 1 A L 14
HIGHEST READING FOR EACH MONTH
1207 16 3.0 5.0 5.0 6.3 - 7.5 8.0
4,1.73 75 ) 2.1 b2 b2 6.2] - 2.3{12.5 37.5 - 130° -7 L L L 4 4
Oout of ]Order /
“110° N6 3. 2.0 2.5 .0O—~"17.2 8.0 8.0
11.3.73 37 0 6.3 2,14 8.2| 8.3 10.4l n.o| s.2 ] k5.7 - 1400 - 5 9 6 6 L §
- 3.2 3.8 2 - y 5.0
1h b ,73 8 o] - 10.4] 20.8] 12.5) - 2.1 4.2 50,0 - 190° 20.8 L I L A
° - _ - - - - -
5. 5. 6 - N e e 0.0 - 270°_43.7 =
5.73 ' 0T — — - —~ - - /
16.6.73 5 - - - - - - - - 0.0 - 300 .
o - - - - - - -
2 _ _ _ _ _ N _ ~ 0.0 ~ 30 25.0 //
2772 0 37 2.0 "] 2.0 = 5.0 ) 50
28.8.73 35 6 G.21 h.2 Lo 2t - 2.1 2,118.3 27.11 2.1 160 10.4 5 6 5 4oL L
7. 7.5 8.0 8.0 _ / —
11.9.73 69 0 2.1| 4.2 ho2{ 2.1 - - - 12.6 - 180° 4.2 A 4 L A
‘ o 2.0712:2-713:2 21 2.9 7| e 5
3.10.73 26 0 2,1 33.31 t1o.4} 18.7]| 6.2 L.2| 8.3 83.2 — 180 33.3 9
o 3. 3. 3.8 5. 5. y 7.0
16.11.73 6 0 14,6 6.2] 10.4 h.2 8.3 8.3 18.7 70.7 - 230 18.7 5 5 i I A 5 4
° 3.4 L.s5 5.0 L, f 7.9 7. 6.8 p’
. 11 0 10.4 8. 6.2{ 12. h,2 2.1 8. 52.0 — 240 22,9 L 9 4 [ 9
13,1273 2 = > 2 5.0 16.8 8.2 8.8 9.7 8.9 -
2.1.74 64 0 L.,2| 16.7| 22.9 8.3 6.2{ 29,21 - 87.5 - 220° 29.2 L I L L L
° y 6.5 7.5 9.0 11.0 9.8 9.6
9.2.74 19 0 12.5| 25,0 L.2 2.1 h.2] 29.20 10.4 87.6 - 220 29,2 5 5 1 L Ly L L
* GLC - Ground level concentration of sulphur dioxide in micronram per cubic metre
i Smoke - microgram per cubic metre

VL



TAHL T

ftoring Site 2

- Cosretantion ot
Coccontrations of Sulphmr Diovide o Wind Conditions

Grroiig

% DATLY WIND I\ SECTOR TOTAL ) HLGHEST < AVERAGE VELOCITY (m/scc)/MAJOR STABILITY
DATE GLC* | SMOKE*~* - o meof W ocary et
’ 170 1 8o | 9o | 200 | 210 o | 170-230° 0-3060° 180 190 200 210
FIVE HTGHEST READINGS FOR STUDY PEHIOD
- 180° 8.7 6.9 8.51‘ 9.3[‘t 12, -
L7k 28 o] 2.1} 18,71 8.3] 6.2 18.7 - 60.2 - 210° - .
3.1.7k 3 - 570 6.0 8.3 T 9.9 -
b . 2 14,6 2, 47.9 - 120 18.7 [N n
4o1.74 272 0 8.3] 4.2] 8.3] 6 ! 7 575 ) 7.0 T
= o e L L A
1h,11. 26 [¢] 2.50 31.2{ 1th.6 4.2} 37.5 - 100.0 - 210 37.5 _
s 73 9 » . - 6.3 8.0 ! 7.9 g
. 2.1 - 14.6 L 21 27.1 2.1 83.4 - 220 33.3 5 : ¢
8.2.74 | 262 6 - T8 53 T8 5T
- .
2.1.7h 251 10 h.2] 16,7 22.9 8.3 6.2 - 87.5 - 220 29.2 L L i
HIGHEST READING FOR EACH MONTH
o - 4.0 k4, 7.0 8.7
24.,1.73 122 0 h.2l 12.5 4.2l 6,2 16.7 52.1 - 130 18,7 L L L
Out of PDrder
° p L.o 2. b ! . .
0] 4.2 6.2 6,2 4.2 [ 37.5 - 130 16.7 9
26.3.73 37 > - 3 s 5
5.4.73 38 0 2.1 - B.3] 31.2] 2.1 12.5] 6o.4 - 200° 13.2 5 1 I
_ - - 3,
25.5.73 23 0 hoz2| - - - h.2 - 10.5 - 130 12.5 =
OQut of | Order 575 ) ) -
10.7.73 13 0 ool 2010 2.1 2.0 - - 18.8 - 160° 22.9 5 4
Qut of j Order
o - 2, 3. b, -
20.9. N - 16,7 4.2 2.1 14.6 41,8 20.8 230 12.5 o) L [
20:9:7 2 I.5 5.5 8.0 8.8 9.0
17.10.79F 70 0 2.50 4.2 12.5/ 10,4 8.3 - b7.9 - 1600 27.1 5 A 9 6
.3 5. 6.9 9.0 71.0
14,11.,79 269 0 2.5 31.2] 1h4.6 L.2l 37.5 - 100.0 - 2109 37.5 N L L L
2.0 3. 5. 6.0 7.
29.12.74 151 0 2,1} 22.9} 10.4 .2 3.3 20,8 85.4 - 1809 22.9 "9 9 5 5
, 1800 6. 8, 9.3 12,1
3.1.74 283 0 2.1y 18.71 8.3 6.4 18.7 - 60.2 - 5100 18.7 " A " L
: o -~ 6.3 8.0 7.
8.2.7h 262 6 2.1 - 14.6 L. 27.1 2.1 83.54 - 220 33.3 3 f i f
* G(GLC -~ Ground level concentration of sulphur dioxide in microgram per cubic metre
*x Smoke - microfram per cubic metre

SL



TANLE 15

Moni toring:

Site 3

- Correintion of

Ground Level

Coacentration:s of Sulplmr Diosxide aad Wind Condi tions

» % DATLY WIND I\ =SECTOR TOTAL % ' HLGHEST AVERAGE VELOCITY (m/scc)/MAJOR STADILITY
DATE GLC* SMOKE™> ¥ T 170mng00 | % can Om1000
170 1 80 .90 200 2100 o 10 - ' i 170 t 80 190 200 210 220 230
|
FIVE HIGHEST READINGS FOR STUDY PERTOD
N 5.6 7.5 8.2 11.0 1.0 -
15.8.73 115 0 2.1 104 16,71 10.4 2.1 h.2| - 45,9 - 190° 16.7 5 5 4 4 L
2100 2 - . 6.4 8.5 9.9 10.4 -
26.1.74 | 114 2 - 12.5( 20.8| 8.3| 29.2] 29.2| - 100 - 2000 29 I I 4 L
3.0 .0 5.0 - .0 L, 3.k
31.8.73 100 0 2,11 12.5 2.1 - 10.4 1 14,61 10.4] 52.1 - 240° 18.7 L 3 3 L 4
o 3.8 4.3 7.3 9.0 10. - -
20.2.74 95 0 104 8.3) 22,9 10.4] 1.7 93,7 - 2107  h1.7 5 5 4 4
: o - 5.0 5.0 5.0 - - 7.0
2.2.73 86 1 - .2 2.1 2.1 - - 56.2{ 64.6 - 230 56.2 3 3 3 4
HTGHIEST READING FOR FEACH MONTH
- 3.0 L.2 .7 7.5 8.0 8,
- 2 . 1.2 L,2 N Y 81.2 - 200" 31.2 = L Iy A A
31.1.73 66 0 .1 18.71 31.2 il 2.1 2.9 - < =5 =5 =5 < < .-
2.2.73 86 1 - ho2y 2.1 2.1 - - 56.2] 64.6 ~ 230° 56.2 ! )
18.3.77 64 0 - - - - - - - 0.0 - 120° 25.0 - - " - g ”
o 2.0 2.0 2.0 2.0 - 2.0 4,0
18.4.73 34 - 2.1 2.1 2.1 2.1 - 2.1} h.2l 1b4.,7 2.1 1107 16,7 ) 3 5 A I
° - 3.0 3.7 - - 3.0 / 5.0
26.5.73 10 1 2.1 6.2 - - 2.1 - L. 14,6 - ho" 12.5 5 5 A
30.6.73 5 0 - - - - - - - 0.0 - 280° 37.5 - /
- - - - L.o .0 -
15.7.73 1 2 - - - - 2010z - b.2 6.2 40° 20.8 : 5 5
* o 4.0 5.6 7.5 8.2 11.0 11.0 - -
15.8.73 { 115 0 2.1 104 16.7| 104 2.1 4.2} - 45.9 - 1907 16.7 e L A I A
o k.2 b. 5. 6.3 7.0 7.0 -
3.9.73 Lé 0 10.4] 14,6 b2 8.3 6.21 12.5 - 56.2 - 180" 14.6 ) A A i 5
° 2, 3.0 2.0 - 4,0 4.0_. 3.7
11.10.73 12 o] L,2 2.1 .2 - 8.3 4.2{ 6.2 29,2 18.7 80" 1h.6 [ L A L L
o 2 6.3 7. 9. 9.0 1T, y/ =
10,11,.73 25 2 31.2) 16,7 12.5| 2.1 16,7] 20.0f - | 100.0 - 1707 31. Ty A I I L
1.5 2.6 2.2 3.5 6.3 8.2 9.0
26.12.73 68 2 h,2| 10,4} 12.5] 12.5| 6.2| 10.4] 4,2 60.4 - 240° 29.2 ~ 9 9 [ L 9 L 6
210 29.2 - 5. 6.0 8.5 9.9 10.4 -
26, 1.74 | 114 2 - 12.5| 20.8] 8.3] 29.2] 29.21 - ] 100 - 220 : 4 [ 5 4ol L
° 3.8 h.3 7.3 9.0 10,4 — =
20.2.74 95 0 10.4 8.3| 22.9| 10.4} 41.3 - - 93.7 - 210° 41.7 5 5 5 [A A
* (LC = Ground level concoentration of sulphur dioxide in microgrian per cubic metre ;
X

Smoke - wmicrogriat per cubic metre




TABLE 16

- Coirreintion ol
Conrcontrations

Grouna
aad Wina Conditions

DATE

GLC*

% DAILY WIND 1\ SBCToR

HIGHEST %

AVERAGE VELOCITY _(m/scc)/\XAJOR STABILITY

* %

GLC ~ Ground level concentration of sulphur dioxide in microgram per cubic metre

sSmoke -~ microgram per cubic metre

170 180 [0 200 210 180 190 200 230
FIVE HIGHEST READINGS FOR STUDY PERIOD
- 2.6 2.2 3.5 9.0
., 1041 12,51 12.5 6.2 29.2 9 6 L 9 U
26.12.73] 189 | y 5 5 = = — - - - <
L 2. L 2. b2l 4.2 33.3 4 4
h.,12.73 141 2 10.4 2. i | - e — =
19,12, 113 6.2 12.5) 18.7 6.2 3.3 22.9 9 4 9 9 )
: = 5.0 5.2 8.3 9.0
27.1.73 100 2,11 10.41) 271 6.2 2.1 1.2 L A L A L
5.0 5.0 5.0 7.0
2.2.73 100 - 4.2 2.1 2,1 - 56.2 3 73
1T GHEST READING EACH MONTH
5.0 5.2 8.7 9.0 -
2 10.4] 27.1 6.2 2.1 1.2 4 4 4
27.1.73 100 t 7 > p = = =5 = .
- - b2 2.1 2.1 - 2] 56.2 5 3 3
. 2.2.73 100 ' 3.7 2.2 2.9 7.9 <
82 6. 1.6 20.8| 16.7] 14.6 2 20.8 9 9 9 8
15.3.73 > ; N 3.5 5.0 5.0
13,4.73 56 o411 18.7) 16.7 2.1 2.1 18.7 5 L 3 L L
- 3.7 - - 32
2,1 6.2 - - 2.1 12.5 5 5
20:0:15 2 : = TS TT5 7.8 -
. - 4.2 4,21 10.4 16.7 o’ 4 4
23.6.73 18 ¢ _ 7.0 _ 11.0
6 2.1 - 2.1 - 8.3 16.7 L I I
R i I'NG) 5.0 - R -
2 12.5 2.1 - 10.4 18.7 3 -3
31.8.73 39 5 - = - T
17.9. 2 - - 31.2) 16.7 31.2 4 6 6
7:9.73 3 - = = = =
27.10,73 59 ~ - - - - 39.6 6
- - - 7.6 9.3 10.9 12.0 .
13,11, 5 - 20,8 16.71 16.7] 14.6 29.2 N I n
3.11.731 95 7.3 7.2 3.5 8.0
26.12.73 189 b, 1041 12.5] 12.5 6.2 29.2 9 6 A 6
4.0 5, 7 7.1
18.1.74 88 - 2.1 37.5] 8.3 h.2 29.2 3 L 4 I
5.3 5.0 7.0 _
22.2.74 61 8.3 6.2 2.1 2.1 - 35.4 5 5 4
*

LL




TADLE

17 :

Monttorings Site 7
Concentrations of

Sulvhur Dioxide

= Corrclation of' Ground Level
and Wind Conditions

Monitoring Site 7 commenced operation in July 1973

WIND 1\ SECTOR FOTAL R —— AVERAGE VELOCITY (m/sec)/MAJOR STABILITY
DATE GLC* SMOK I« ~ ] LTO- 1500 0="160° ;
200 2o 120 / ’ 180 190 200 210 220 2
FIVE IIGHEST READINGS FOR
o 2709, 5 5.3 6.4_~"18.5 V 0.4 -
26.1.74 126 [o} 12.5 8.3] 29.2 |29.2 100-,0 2209 . A A A 3 Iy
TR0 18 6.9 8.5 9.3 12.1 0.3 -
3.1.74 112 0 6.2118.7 | 6.2 60.2 21.0° -7 —~3 4 [ 4 4
o - - 6.0 6.5 6 8
17.9.73 63 0 31.2] 16.7 112.5 64,6 200" 31.2 & I
o Lh.5 6.0 6.7 8.0 7.6 6
23,1.74 63 0 6.21 2.1]35.4 72.8 220" 35.h4 b b ‘ b b 4
: Lol 6.8 7.5 7.7 7.1 7
18.11.73] 58 0 L2l 6.2131.2 79.1 220° 31.2 5 | 4L 4 b i
NITGHEST READTNG FOR FACIH MONTIH *¥
40° 20.8 B B J h-9 40 Lo
15.7. 8 2 - 2.1 2.1 L.2 . 3
5.7.73 N .0 5,0 - .o /i;z,z’, 3 7
- ! 52, 240 18. 3 3
31.8.73 40 1 2. 10.4 ] 14.6 52.1 - 7 < 3 = - o = =
9. 6 0 31.21 16.7] 12.5 6h .6 200" " 31.2 I 6 6 6
17:9:73 2 o 2.7 3.2 3.1 2.0 5.0 5
3.10.73 32 0 2 18.7( 6.2] 4.2 83.2 1807 33.3 6 9 I 4 6 6
o . 4.k 6.8 7.5 ! 7. ! 7.1 ! 7 T
11, 8 0 4.2 6.2 1.2 79.1 220 31.2 L L
e - DA A A
“P0.12.74 48 0 8.3 4.2| 16.7 85.4 230° 18.7 1y 9 6 6 G A
2109 29 .2 . 6.4 8.5 9.9 10.4 -
26.1.74 126 0 8.3] 29.2] 29.2 100.0 2200 . L N I N
1) 5.0 5.5 5.0 5.3 6.0
2.2.7k4 36 0 2l 4,20 6.2{ 8.3 51.9 170° 18.7 2 : - > /3
i
GLC ~ Ground level concentration of sulphur dioxide in microgriun per cubic metre
Smoke - microgram per cubic metre

8L



TABLI 18: Moni toring Site b4 - Coirciantion ol‘.(h‘ou::(l Ln\‘cl'
) Councentrations of Sulphur Dioxide inwi Wind Conditions
- e Jors % DATLY WIND I\ =ECTOR TOTAL 7% < onin HLGHEST % AVERAGE VELOCITY (m/sgc)/MAJoR STADILITY
* MOKE** ~0="10° o CALD : o
DA v SHOR 170 180 | oo | 200 | 210 | oeo | oo | 170-2009L R C 0-200 170 180 190 200 210 220 230
FIVE HIGHEST READINGS FOR STUDY PERIOD v .
o . B.0 0 .0 549 7.0 8.0 5.7
31.3.73 | 111 1 2.1 2.1 2.11 33.31 6.2] 2.1} 12.5 60.4 6.2 _ 2007 33.3 5 L [ L L
= 1807 5 o [5-0 6.9 8.5 - 9.3 - 2.7 - 10.3 b
1] 18. 8. 6.2 18.7 6.2 - 60,2 - 210° - Iy 3
3.1.7h 58 2 2 7 3 1o = D LR B -
0 12, 1.2 14.6 L,11 37.5 - - 100,0 - 210 37.5 Iy
14.11.73] sk 213 : &0 — 5.3 7.5~[8.0 8.0 7.4
18.1.74 51 e - 2.1 37.5] 8.3 4.2 25,0] 16.7] 93.8 - 190° 37.5 3 b + It 4 I
- o - 16.3 7.8 9.0 9.0 11,4 11.0 -
30.11.73 48 1 31.2] 16,7 12.5 2.1 16.7 20.8 - 100.0 - 170 31.2 L L N L L N
HIGHEST READING FOR EACH MONTH
2007 3.0 3.0 3.0 .7 3.0 5.0 1
26.1.73 38 0 2.1 2] 2.0 14,60 2.1] 12.5] 1h.6] 50,1 4,2 2900 14-6 5 5 5 L L A A
ol foreer o .0 L.o L,o 2 7.0 - 8.0 - 5.7
1 2.1 2.1 2.1 33.3 6.2 2.1 12.5 60.4 6.2 200 33.3 5 Iy )
SRR 5 0 z 5.3 5 ) 7R 777
5.4.73 35 o] 2.1 - 8.3] 31.2 2.1 L.,2f 12,4 60.4 - 200 31.2 [ 5 5 I L L
. 10° ¢ 3.0 3.0 - 5.0 5.0 5.7 7-5 "
13.5.73 b 0 8.31 k.2t - 8.3] 6.2 6.2] h.2} 37.4 - 1407 16.7 5 L 3 3 >
° 5.0 5.7 6.7 y A 6.0 /
12.6.73 5 o] ho2i 43,71 14,6 6.2 10.4 2.1 - 81.2 - 180" 43,7 L L Iy A A 3
- R 7.0 ;V 5.0 6.0 - p 5.8 -
10.7.73 3 0 h.2 2.1 2.1 2.1 - 8.3 - 18.8 - 160 22,9 5 5 5 I L
- - - - 2.0 - -
o
16.8. 20 0 - - - - 2.1 - - 2.1 - 70 31.2 2
73 N 2.8 L5 5.3 6.0 7.3 / -
29.9.73 28 0 8.3 8.31 16,71 14.6] 12.5 - - 60 .14 29,2 90 29,2 9 i 6 9 6
) o 4.5 5.5 8.0 . 8.8 9.0 1 - -
17.10. Ly ¢! 12.5 h,2 8. 10,4 8.3] - - 47.9 - 160° 27.1 6 6 9
7 73 3 . L.3 5.2 6.9 yn.o _// -
14.11.73 54 0 12.51 31.2| 1h.6 .2l 37.5 - - 100.0 - 210 37.5 3 A L I A
S 229 Z.0 3.2 L) 5.0 - 75 = 83 - BB 5
0 2.1 22.9} 10. .2 8.3] 16.7] 20.8 85.4 - 180 2. 9 5 9
29.12.73] 45 B T I5.0 5.9 8.5 9.3 1221 A 10.3 b
L.1.74 8 2 2.1} 18.7 8.3 6.2 18.7 6.2 - 60,2 - 21.0° . 3 A L
2 L > ° L.o 6.7 8.3 9.0 9.8 9.6 =1 =
10,2.74 Lo 0 6.2 2.5] 18.7 8.3 10.4] 20.8/ - 66,9 - 2200 20.8 5 5 A L A L
* GLC - Ground level concentration of sulphur dioxide in niicrogram per cubic metre
**  Smoke - microgram per cubic metre

6L




- Corrciation of Ground Lovel

TABLE 19 @ Moaitorvia: site 5
Concentrations of sulphur Dioxide and Wind Coaditions
% DATLY WIND IN SECTOR TOTAL % ] NIGHEST % AVERAGE VELOCITY (m/scc)/MAJOR STABILITY
DATE GLC* SMOKE** 170-200) % CALM 0-160°
170 18O | .90 200 1o 000 130 [t - 170 180 190 200 210 220 230
FIVE HIGHEST READINGS FOR STUDY PERTIOD
o 3.0 L.,0 . 4.0 5.9 7.0 8.0 u 5.7 7
.3, - 2.1 2.1 2.1} 33.3 6.2 2,11 12.5] 60.4 6.2 200 33.3 5 4 4 )
21270 &2 o 4.3 5.2 6.9 9.0 11.0 - -
' . . 4,6 .2 . - - J100.0 - 210°  137.5 L Iy 4 4 4 '
1h.11.73 60 0 12,5{ 31.2{ 1 4 37.5 3500 e PO 370 3.0 T - SN - 5.0 - T -
1 2.1 2.1 2.11 14,6 2,11 12.51 14.6] 50.1 k,2 230° M 5 >
e R - 3.7 5.0 6.0 8.5~ |11.5 8.9
11.1.73 36 0 - 12.5 20.8] 16.7] 8.3 8.3] 29.2[ 95.8 - 230° 29.2 b L 4 4 b 4
o - - 4.3 5.6 7.3, 8.0 8.6
10.1.73 34 1 - - 33.3] 14.6f 8.3 2.1 20.8 79.1 - 1907 33.3 ; 5 5 I W 7
HIGHEST READTNG FOR FEACH MONTH- °
2007 14.6 3.0 3.0 3.0 !0.7 3.0 6.0 L]
26.1.73 Iy 1 2.1 2.1 2.1 1h.6] 2.1] 12.5] 4.9 50.1 h.2 230° . 5 5 5 4 4 b b
Out of jOrder . . o 3.0 .0 4.0 5.9 " .0 8.0 ! 5.7 l;
. 2.1 2.1 2,11 33.3 6,2 2.1l 12.4 60. .2 200 33.3 5 N L L
31.3.73 62 - 775 3.0 4.0 .0 . 6/ 8.0
6.4.73 32 o] 12.5 6.2 6.2 2.1 2.1 6.2 4.2 39.5 - 240 16.7 A 5 5 I K L
10° 6 3.0 3.0 - 5.0 5.0 5.7 7.5 T
. _ . - 140 16.7 5 4 3 3
13.5.73 27 0 8.3] 4.2 8.3 6.2] 6.2] L.2| 45 4
Out of | Order 4 // < = 20/
31.7.73 1 26 0 - - - - - 2.1 2.1 b2 L.2 30° 25,0 / 5 | >3
Out f ] Order »
— ° - - - 6.4 6. y 8,0
17.9.73 16 - - - - 31.20 16.7) 12.58 4.2 64.6 - 200 31.2 A € ¢ €
23.10.7% 7 fe) - - - - - - - 0.0 2.1 2600 39.6 - J
o .9 5. 6. 9. 11. - -
14.11,74 60 0 12.5{ 31.2[ 14.6] 4.2 { 37.5 - | - | 100.0 - 210" 37.5 4 /{ 4 4 y /
gut of | order /
Qut £} ord
- 2 = o 5.0 5.0 6,0 8.0 7.3 6.5 -
1h.2.74 3 0 2.1 2.1 L.,21 8.3 18.71 50.0 - 85.4 - 220 50,0 L A L g L L
* GLC - Ground level concentration of sulphur dioxide in microgram per cubic metre
*%  Smoke - microgriun per cubie motre

08




TABLE 20 Monitorius Site 6 ~ Corrceintion of Ground level
Concentr-tion: of Sulphur Dioxide and Wind Conditions
a‘ " WIN SECT . /ERAGE VE 1 '
% DAILY WIND TN SECTOR TOTAL % HIGHEST % AVERAGE VELOCITY (m/secb/kAJOR STABILITY
DATE GLC* SMOKE** - - c~o-n00) % cALM 0= 1600
170 1RO S90 {200 | 210 T} 20 30 ‘ - ’ 170 180 190 200 210 220 230
FIVE HIGHEST READINGS FOR STUDY PERTOD
= - - ° 18 - L,0 k.5 7.0 T 8.7 7 10.5 7 9.0
- - L.2{ 12, 5.2 6.2 8.31]16.7] 51.9 - 130 18.7 A 5
24.1.73 61 5 - 5o = T (Wi - - 8.0 l& 706
.1 - 6.2 6.2 - 2.1 104} 27.0 - 100" 20.8 | 1
25.1.73 | 36 ° 2 l o 200° 312 T 3.0 ] k.2 LT T | 8|8
.1, 1 0 - 2.1} 18.7] 31.2 .21 2.1T] 22.9 1. - . -
2! LE 2 1200 16.7 3.0 5.0 5,0 6.3 - 7.5 h 8.0 h
b.1.73 29 o vo1 ] s.2| b.2| 6.2 - 8.2 | 12.5| 37.5 - 130° b 4
° 5.0 5,0 5.2 8.3, 10.0 9.5 9.0
27.1.73 22 - 2,14 10.4| 27.1 6.2{ 2.1 4,2{ 31.2] 83.3 - 230 31.2 A L L A L L T
HYGHEST READING FOR EACH MONTH
° - 4,0 .5 7.0 8.7 10.5 9.0
24 .1.73 61 - - L.2.1 12.5 k2l 6.2 8.3} 16.7] 51.9 - 130° 18.7 A ~ 5 [A (///,ﬁ/;l////i" L
Out of [Order ;; 50 ) B! T - 5.2 6.3 - -
14,3, 21 0 - 8.3 4.2] 6.2} 10.4] 10.4| 8.3 - 47.8 4.2 290" 20.8 6 6 9 ()
= 0 25.0 |- - - - - ‘;;,/”' ;/,//4'
23.4.73 16 0 - - - - - - - 0.0 - 310° . .
° 2.0 2.3 3.0 5.0 = 6.5 5.
6.5.73 10 - 2,1 8.3 2.1] 10.4 - 8.3 th.6 45.8 - 100 29.2' 5 5 A [A L 2
Out of §Order _ /
o — - - - — - -
~ _ _ _ _ 6.7 //
2.7.73 L - - - 0.0 8.3 110° 1
o 4.0 5.0 5.3 b.g~1 5. 6.8 /
6.8,73 1 o} 8.3 8.3 8.3] 2.1 6.2 12,5 - 45.7 - 507 16.7 5 3 4 3 b
6 90° 9.2 4.8 4.0 y 7.0 8.1 . = =
[ 8. 2,1) 10,4} 10,4} 25,0} - - 56.2 - 29. 9 A 9 9
29.9.73 13 3 , N - ~ - - 3.3 - 5.7 - ko -
.10, 21 6 - - - - 6.2] 43.71 16,F 66,6 - 220 43,7 i -
12.10.73 T o 570 P 6.2 - g. y p
28.11.73 12 6.2] 20.8{ 27.1 - 25,0| 20.8 - 99.9 - 190" 27.1 5 y - A A
9(76,24) 2700 2.5 2.3 —~1 1.5 2.0 5.7 7.0 8.0
12.73 8. 0 8.3 u.2| s.2 | 4.2l 12,5 8.3 4.2 50.0 - 240° .5 9 p f % %
s 5 570 5.8 99 5.3 97 ) -
2.1.74 19 0 L.2! 16.7f 22.9 8.3 6.2 29.2 - 87.5 - 220" 29.2 L L 4 4
o jif;//’ 4.0 6.0 - 7.0 6.4 6.0
23.,2.74 16 0 8.3 2.1 L,2 - 2.1 14,6 2.1 33.4 - 80 16.7 5 5 5 L L L
* GLC - Ground l(‘\'voi concentriation off sulphur dioxide in micx*o,";.r;:m per cublie meotre
* Smoke - micro;rrio poer cithie melre
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TAMLE 21

Moaitoring Site
Concentrations

514 — Corrciation o Grou:nd
ol sulyphur Dioxvide

i

Loevel

Wind Conditvions

% DATLY WIND 1IN SECTOR

o TOTAL % | . HIGHEST % AVERAGE VELOCITY (m/sccpﬁmJon STABILITY
DATE GLC* SMOKE~* ! i 170-27309) % CALM 0-160°
170 180 190 00 210 0o 230 - 170 180 190 200 210 220 230
FIVE HIGHEST READINGS FOR STUDY PERTOD
140° 2 6.0 5.0 6.6 9.8 10. 8.4 -~
15.1.74 81 - 2.1 2.1] 10.4) 8.3f 22.9] 14,6 - 50.4 - 210° 22.9 I L L I L
o 3.0 3.8 5.5 = 6.0 7.2 5.0
11.1.74 - 2.1} 10.4 8.3 - h.2{27.1 2.1l 54.2 - 220" 27.1 5 5 5 4
: Z ° = 3.0 2.0 k.o 5.2 6.0 6.0
31.12.73} 76 - - y.21 8.3 2.1} 10.4] 2.1 6.2] 33.3 - 100° 22.9 A 6 g I 4
2709 - 5.3 6.4 8.5 9.9 10.4 -
. o P . . ) 220° 29.2 Iy [ n In Iy
26.1.74 72 - - 12.5] 20.¢ 8.3 29.2] 29.2 - 100.0 ~
o 4.0 4.5 6.0 6.7 8.0 7.6 6.0
23.1.74 69 - 2.1 2.3 18.7 6.2 2.11 35.4 8.3 81.1 - 220 35.4 A |3 4 I L 4 i
HYGHEST READING FOR FACH MONTH
o - 3.0 4.2 L.7 7.5 - 8.0 - 8.7 .
- - 2.14 18,7 31.2| 4.2| 2.1) 22,9/ 58.3 - 200" 31.2 5 = A X
21172 7 = = o) . T3 7.0 770 7.0
7.2.73 35 - - 2.1] 25,0] 27.1 2.1 2,11 12.5 70.9 - 200° 27.i 5 57 5 % W %
— o z 5.0 5.0 6.0 73 5.0 873
1.3.73 27 - - 8.3 L.2 4.2 6.2) 10.4| 16,74 50.0 - 130" 25.0 9 3 9 4 A 9
: o, 3.5 3.0 L.o k.0 6.0 6.7 8.0
6.4.73 24 - 12.5] 6.2] -6.2] 2.1] 2.1] 6.2} 4,4 39.5 - 240" 16.7 A 5 5 A A % L.
o 3.0 3.0 - 5.0 5.0 5.7 7.5
13.5.73 . _ 8.30 u.2l - 8.3 6.2] 6.2] x.2| 37.4 - 1407 16.7 5 A 3 3 2 b
} ° L.o_~1TL.¢ L0 5.0 03 - 2.0
25.6,7 L - h.2 2.1 2.1 2.1 6.2 - 2.1 16.8 - 80" 18.7 5 L A
5 = =
11.7.73 8 - - -1 - - - - - 0.0 - 50° 22.9 /
- 900 1@ 6 4,0 6.0
21.8.73 th - h.2 2,11 104 2.1 104l 2.3 - 37.5 - 1609 : It 3
: 1809, . 7.0 7.5
s h.2
11.5.73 43 - 2.1 hoat hn 2.7 - f - - - i90° P s
. - 1 - 1.5
4.10.73 10 - - L0 L6 1 i N - h,2 ; P
\ . - N o ; 4, 5
28,111,750 3h . S0 IS | R - 25,00 20.5 - o - | T =
§ H 3
» ; o , LT EEPU R = : 3.0~
31.12,7 76 - - ~t D s . [NV 2,1 v 3 o j,
T ST 5.0
15,074 81 - 2.1 2,00 10.4 o2n.el1hlo - GOk - ; big 2249 //E
Out of { Order | ; L
*  GLC ~ Ground level concentraution of sxxlp‘.‘mr dioxide i3l microgrum per cubic metre
©
* Smoke - microgrim per cubiec metre L




TADLE 22 1 Monitorivg Site 515 « Correlation of Ground Level

Concentration: of Sulphur Dioxide and Wind Couditions
% DAILY WIND I\ =ECTOR POTAL % ) HIGHEST % AVERAGE VELOCYTY (m/scc)A(AJOR STABILITY
DATE GLC* SMOKE*+ ; FT0-2509) SUCALM 0="160° ‘
1 170 180 190 00 210 200 10 e S 170 180 190 200 210 220 230
FIVE HTGIEST READINGS FOR STUDY PERTOD . -
- T T 14,0 .2 5.0 .0 5.0 6.0 -
17.1.70 57 - 10,40 12.5] 2.1 2.1 2.1| 20.8] - 50.0 - 220° 20.8 4 L b 4 4 4 /
o 3.8 2.0 1.7 T.0 =1 - 63 7 6.3
- . 2.1 2.1 6.2 - h.2f 12.5 37.5 - 250 25.0 6 A L
12.12.73 52 10.4 o ez = = 5 . =5
6.1.74 38 - 12,50 h,2{ 2.1 ho2i  2.,1) 10.4] h.2{ 39,7 - 80° 22.9 A A 4 L L I
o . - e - - - - -
16.1.74 | 37 - o R e - | -] o0 - 120° 41,7 /

'7 2.0 - 3.0 L.3 6.0 6.0 6.0
21.3.73 36 - 4,2 - 2.10 6.2 2.1 =z2.1{10.4| =27.1 - 80° 20.2 6 9 I 9 L
HIGHEST RIEADING FOR- BEACIH MONTH : .

o 2.0 - 3.0 4.3 6.0 6.0 6.0
21.3.73 36 - 4.2 - 2.1 6.2 2.1 2.1} 10.4 27.1 - 80" 29.2 6 9 I 9 L 6
o k.o - 3.3 L5 - 6.%-7.0 . %
- 2.1 - 8.31 31.2 2,1 L.,2l12.5 60.4 - 200 31.2 5 5
5.4.73 19 - 2.0 2.3 3.0 5.0 - 6.5 5.4
6.5.73 I - 2.1 8.3 2.1 10.4 - 8.9 1h.6 L45.8 - 100 29.2 5 5 L I L
- R 1T10Y 18.7 5.5 5.8 - - - / -
24,6.73 1 - 12,5 18,74 - - - - - 31.2 - 180° . L -
° 6 7.0 - 7. - 8. i 9. . %
30.7.73 35 - 2.1 - 2.1 - 8.3 16.7 10.h4 39.6 ~ 220" 16.7 gl L ”
j - T 3. - - I, L, b,
26.8.73 8 - - 2] - - 2.1 6.412.5] 22.9 - 60° 22.9 /{ / L 4 /{
] [o] 3.0 3-7 5-0 7-0 7-0 - 7-0
28.9.73 5 - w2l 6.2 2. 2.4 2.0 - 2.3} 19.0 - 3107 33.3 -6 9 4 9 4 6
N o - -, - L, 5. 5. 5.0
19.10.7] 12 - - - - 4.9 - h.2 b3 2. 12.6 - - 100 22.9 6 6 9 A
’ o 3. L, 5. - 7 7 5.2
. 2 - 4,20 8.3 10.4 - 2.1 22,9 12.5} 60.4 - 220 22,9 = L i L I I U
17.11.7] 3 : - R 3.8 2.0 Tad 4.0 - 6.3 6.3
12,1273 52 - 10.4] 2.1] 2.1 6.2] - h.2l12.5] 37.5 | - __250° 25,0 | ~76 4 b 6 ’ — 6 b
} o . ;4.0 5.2 5.0 5.0 5.0 y -
17.1, 74 57 ~ . J10.4} 12.5 2.1 2.1} 2,1] 20.8 - 50.0 - . 2207 .20.8 -} 4 : A [ L e [ ’
5.2.74 33 - - - - - - - - 0.0 - 120° 62.5 ’i_ _ _ _ . § _
i
]
* GLC -~ Ground level concentration of sulphur dioxide in micropsram per cubic metre

Smokn - microgram per cubic motroe

£8



TADBLE 23

Monitorinms Site 5316 - Correlation of Ground Level

Concentrations of Sulphur Dioxide

and Wind Co:wditions

% DATLY WIND IN SECTOR TOTAL % R AVERAGE VELOCITY (m/sch/hAJOR STABILITY
DATE GLC* | SMOKEx* . t70-1300] 7 CALM 0-160° )
170 180 .00 | oo | 10 | 2zo 230 e ’ 170 180 190 200 210 220 230
FIVE NIGHEST READINGS FOR STUDY PERTOD ,
e 5 3.7 5.5 6.0 6.0 6.0 ok 5.0
6.1.7h 67 ~ 12.5 L2 2,1 4,2 2.1 10.4 h.2{ 39.7 - 80 22.9 I Y L A I i
- - - - - - - - 0.0 - 120° 41,7 _ _ _
16.1.74 64 00° 292 3.0 - 3.0 5.0 7 6.5 7-0
- - h.2| - 2.1 6.2 8.3{ UL.2{ 25.0 - . = 9
2h.,12,73 57 - - = 3.0 2.0 L.o 5.2 6.0 6.0
31.12.73 55 - - 4.2 8.3 2.1] 10.4 2.1 6.2 33.3 - 100 22.9 It 9 6 . 9
° 3.0 3.2 2.0 2.5 bt 6.0 4.5
22.12.73 53 - h.2] 12.5 L.,2| 20.8} 18,7 h.2 8.31 72.9 - 200 20.8 6 6 9 L 6 9
HTGHEST BEADTNG I'OR_FACH MONTH
o 2.0 1.0 - - - - -
28.3.73 | 52 - 2| el o L o | o] - | -] w2 - 110° 31.2 g 5 ; -
° 4.0 - 3.3 k.5 A lf;Esz’ 7.0 . 7.7 .
2 - . 21 241 h,2{ 12, 60 .4 - 200" 31.2
5.4.73 20 - 2.1 8.31 31 = - 550 = 5.0 5.0 LI
13.5.73 4 - 8.3 h.2| - 8.3 6.2| 6.2| 4.2 37.4 - 1407 16.7 5 3 3 2 4
= ° 5.0 5.7 6.7 7.0 7.4 6.0 7.0
12.6.73 3 — 4.2y 43,71 1h.6 6.2 10.4 2.1 2.1 83.3 - 180% 43,7 L L 3 L
- . - - - - - 0.0 8.3 40° 27.1 |~ _ ,//”/”
5.7.73 2 - — o) 55 7 B2 11,0110 /
15.8.73 15 - 2,1 10.4] 16.7] 10.4 2.1 4,2 - k5,9 - 190 16.7 5 5 A L A L
. A 180: n.o |7-0 7.5 - .0 8.0 . /;///,/ p -
- 2.1 4.2 b.2{ 2. - - - 2, - 190 .
11.9.73 12 S ~ = y 1.0 5.0 5.0 5.0
19.10.73 29 - - - - o2t bzl 2.1 2.4 12.6 - 1007 29.2 6 6 9
2 o 3.0 . 5.0 - 7.0 7-9 5.2
17.11.7% b1 - L.2y 8.3] 10.47 - 2.1 22.9/12.5] 60.h4 - 220" 22.9 P A 4 A
o - 3.0 - 3.0 5.0 6.5 7.0
24,112,773 57 - - b2 - 2.1 6.2 8.2 4.2 25.0 - 1007 29.2 9 5 5
3.7 5. 6.0 6.0 5.0 [ B0
6.1.7k 67 - 12.5 h.2 2.1 Lh.,2 2.1 10.4 4.2 39.7 - 80° 22.9 A I L 4 4 ‘,/"1:'
o] — - - — - - -
17.2.74 ) 45 - - - - - - - - 0.0 - 1107 35.4
* GLC = Ground level coucentration of =ulphur dioxide in micropram per cubic metre
**  Smoke - microgram per cubic metre .
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TABLE 24 - Annual mean sulphur dioxide concentration
and average percentage of sulphur
measured in Blackboy tips (Xanthorrea
preissii) at sulphur dioxide monitoring

sites
MONITORING . ANNUAL MEAN AVERAGE
SITE S02 SULPHUR
(microgram per cubic %
metre)
513 5.7 0.11
1 8.5 0.05
2 32.0 0.14
3 7.8 0.145
501 16.7 0.145
7 10.7 0.15
4 7.6 0.07
5 6.2 0.11
6 3.5 0.10
514 6.9 0.10
516 9.0 0.11
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TABLE 25 - Health standards and criteria for sulphur dioxide.

Figures are given in microgram per cubic metre
(pants per hundred miLlion]).

SOURCE

SHORT TERM

THREE HOUR

TWENTY-FOUR
HOUR

ONE MONTH

ANNUAL

World Health
Organisation

(2)

United States
Environmental
Protection
Agency (1

1300 (50)

365
260

—
—r )

Sweden(24)

650 (25)

260 (10)

130 (15)

Union of Soviet
Socialist
Republics(ZB)
{USSR)

500 (18.7)

150 (5.6)

Japan(25)

267 (10}

107 (4)
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FIG 1 : Coogee Air Pollution Study — Location
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FIG 2 : Coogee Air Pollution Study — Relationship to Industrial Area
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FIG 3: Coogee Air Poliution Study ~
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FIG 4: Wind Rose - January 1973
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The length of the bars shows the percentage of the whole
month during which the wind blew from the indicated direction
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FIG 5: Wind Rose - February 1973

The length of the bars shows the percentage of the whole
month during which the wind blew from the indicated direction
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i FIG 6: Wind Rose - March 1973

The length of the bars shows the percentage of the whole
month during which the wind blew from the indicated direction
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FIG 7: Wind Rose - April 1973

The length of the bars shows the percentage of the whole
month during which the wind blew from the indicated direction
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FIG 8: Wind Rose- May 1973
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FIG 9i Wind Rose- June 1973
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FIG 10 Wind Rose - July 1973

The length of the bars shows the percentage of the whole
month during which the wind blew from the indicated direction
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FIG II: Wind Rose - August 1973
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FIG 12: Wind Rose September 1973

The length of the bars shows the percentage of the whole
month during which the wind blew from the indicated direction
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FIG 13: Wind Rose - October 1973
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The length of the bars shows *he percentage of the whole
month during which *he wind blew from the indicated direction
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FIG 14: Wind Rose November 1973
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FIG 15: Wind Rose - December 1973

The length of the bars shows the percentage of the whole
month during which *he wind vlew from the indicated direction
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FIG 16: Wind Rose - January 1974

The length of the bars shows the percentage of the whole
month during which the wind blew from the indicated direction






FIG I8: Annual Wind Rose - March 1973 to February 1974
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Number of days

FIG 20: Cumulative Frequency Diagram
Percentage of wind blowing from [70°-230° sector
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Sulphur Dioxide - Microgram per cubic metre

Suiphur Dioxide - Microgram per cubic metre
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Suiphur Dioxide - Microgram per cubic metre

Sulphur Dioxide - Microgram per cubic metre
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FIG: 29

Monitoring Site No. 6
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FiG 33 ° Cumulative Freguency Diogrom‘
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Percehroge of aays during study period

Percentage of days during study period

FIG 35: Cumulative Frequency Diagram
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Percentage of goys during study period

Percentage of aays during study period

FIG 37: Cumulative Frequency Diagram
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Percentage of aays during study period

uring study period

Percentage of aays

ist. January 1973 to 28th. February 1974

FIG 39: Cumulative Frequency Diagram
Monitoring Site No.4
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FIG 40: Cumuiative Frequency Diagram
Monitoring Site No.5
100 M e 42t
] . 989 -
TE0) 983
90 501
80 340
753
N 70
o
I
5 60| 621 255
2
°
uw 80
£
g 40 17C
2
n 30
[
@
= 20 las
e
Qo
2
<
o 10
9
2
10 20 30 40 B0 70 100 200 300
Sulphur dioxide microgram per cubic metre

116

days

Number of

of days

Number



FIG 4| Cumulative Frequency Diagram
Monitoring Site No.6
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FIG 42 Cumulative Frequency Diagram
Monitoring Site No 514
100 428
80} :
8o
93 340
<
o '5'3 70 700
oD
b e
) 255
3
Dy ke
59
% 4 80
eE
5 8 40 4170
©
(o
A o
s‘m 30
o~
L
© = 20 8%
QL [
o
g%
g S 10
go o
10 20 30 40 80 70 100 200 300
Sulphur dioxide microgram per cubic metre

of days

Number

Number of days



FIG 43 Cumulative Frequency Diagram 118
Monitoring Site No.515
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FIG 45: Vegetation TSp;nq‘lg
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Sulphur Dioxide - Tonnes
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FIG: 46

Total Daily Output of
Sulphur Dioxide for all industries South of CAPS. Area
January 1973 to February 1974
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FIG: 47 Total Daily Output of Sulphur
Dioxide for industry |
January 1973 to February 1974

FIG 48 Total Daily Output of Sulphur
Dioxide for industry 2
January 1973 to February 1974
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FIG 53 : Ground Level Contours Obtained from Tracer Experiment
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( microgram per cubic metre )

FIG. 54
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FIG. 56
Monitoring Site No. 3
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