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A VIEW TO THE FUTURE 

' One of the Coogee Air Pollution Study stations monitoring 
sulphur dioxide level s north of the Kwinana industri al 
complex . 

* Smoke patte rns from colourPd fl a res lowered from a 
helicopter were recorded to check the eff ect of Mt Brown 
on the flow of Kwinana chimney emiss ions. 

* Children from the Bungaree Pr imary School at Rockingha 
were included in a task fo rce to take ai r samples during 
tracer experiments. 
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To, 

THE HON SIR CHARLES COURT, MLA 
PREMIER OF WESTERN AUSTRALIA 

COOGEE AIR POLLUTION STUDY 

I have pleasure in forwarding co yuu a copy of the report 
resulting from the Coogee Air Pollution Scudy (CAPS). CAPS 
was set up by the Environmental Protection 
endorsed by the Environmental Proreccion A 
Cabinet. 

Council 
ho.rJ y 

and ~-las 

and 

The study originated from the fact chat the State Goveznment 
through its Industrial Lands Development Authority, possesses 
some 1500 acres (610 ha) of land p esent.ly z.on,:'d .industria1 
a t th e nor th e .r n en d of th e 1< w i cUj a 1 n ,j us c .. i a i 1 e g i on . 

The question arose and was prese ed Loche Envit nmental 
Protection Council and the Env ronmental P oc0 tlon AuLhocit~ 
as to whether this land should be .rezoned from ;n ~st1ia1 t_ 
urban. In other words, therE.' was the unusuaJ s.i u;:1 ion ,,lhe:E: 
t:.he environmental bodies had to decide ,vhethe1 people would .be 
placed near industry whereas in geners 
centres as to whether industry should 

t.. e p.1_1!_>] .t 1.~ cont ov::71:-: _1 

:-~ ::::: a .: p -:-;:; o 1J L e 

The study has been prepared as a resuJ of c 

industry, Commonwealth and State Government 
the University of Western Austraiia. It a 
scientific grounds and with technical ba k­
present and the potential future pos~cion ~ 1 

air pollution in the 1500 a zes q es ion. 

It goes further than that, of course, be u ~ ~s as 
pilot study concerning the intezact1on of va ious so 
air pollution with human welfare, it makes iacommendd ions 
to research which should be undertaken :n the£ t ·e 

CAPS has been a unique study in As 
pollution manag·ement. .Inds2d .- th'? sp.1 J. , ✓ 

exhJbi.ted bet.,.teen the var1. us part.2 . .i.p !:.s iD J-1 

the s t u d y a u g e rs ,v e 11 t' o £: ch e f ,; t z ,s, o f en v 2 r '·· m ,, '. ~\ 
management in Western Ausrra ia. 

Brian "T 
iJ " 

CHAIRMA.N 
O'Brien 

COOGEE AIR POLLUTION STUDY 
WORKING GROUP 

May 1974 



SYNOPSIS 

The Coogee Air Pollution Study (CAPS) was initiated in 

November 1972 to evaluate levels of air pollution over 610 

hectare of potential residential land just north of the 

Kwinana ind11st1:tal complexo During the period of the study 

(1 January 19/3 to 28 February 1974) a multidisciplinary 

team worked under the guidance of the Coogee Air Pollution 

Study Workin,g G.roup. * 

'This ''technical working group", comprising officers from the 

Department oi Agriculture, Commonwealth Bureau of Meteorologyr 

Department En 11.ironmental Protection r Kwinana industry, 

Publ Health Department, State Electricity Commission and the 

University of Western Australia carried out both regular data 

collection and special experiments with the aim of evaluating 

present, and predicting future, air pollution levels over the 

land in question. 

'l'he t the CAPS Wo:rking Group was presented to L1e 

Err-.:ironment a1 Protection Council on 8 May 197 4 when it was 

recommended '' that, at this stager no r·esidential develop-· 

ment take place within the land defined by the Coogee Air 

Pollution Study and comprising Cockburn locations 1843 and 

1738", 
• 

The EPC fuL"t.her recornmended " •• o " that research be ca:cr:ied out 

to define b11ffex zones which should be developed and maintained 

around the Kwinana indust:r:ial area and the Woodman Point 

treatment pLs.nt 11
• 

In concucring with the EPC recommendations the·Envi.ronmental 

Protection Authority agreed that research to define bu[Eer 

zon~s should be extended to include all industrial areas and 

other sources of air pollution. 

* Pe:cson.nel directly involved in the Coogee Air Pollution 

Study are listed in the Appendix to this Report. 
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1. E17.:::.0DUC'::'IOIJ 

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 a~ 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 Capcain 

Stirling is the name of Clarence which lives on in the 

Clarence Railway siding on the Fremantle-Kwinana line. 

1 



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 appearec~ to ::;one to iJe an 

«3.ttractive al tcrnat:i ve. 

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 morninss. 

2 

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 (A~CC} reported 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 nuisance~ 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 

America ( 1 ) . 

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 Cooqee 
area. The maximum twenty-four hour average in 1912 
was 230 microgram per cubic metre (9 parts per h"•mdred 
million - pphm) while the average over ten months was 
65 microgram per cubic metre (2c5 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 personal 
comfort and well being: 

{cont 1 d over) 

3 



More recently the Environmental Health Committee of the 

National Health and Medical Research Council has recommended 

that the World Health Organisation air quality long term 

goals( 2 ) be adopted as guidelines for air quality in 

Australia.*** 

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 

Sulfur oxides(a) 

Suspended 
particulates(a) 

British stqndard 
procedure (b} 

British standard 
procedure(b) 

Limiting level 

Annual mean 60 micro­
gram per cubic metre. 

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

Annual mean 40 micro­
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 permissible 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 implement the suggested 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 Commissjon, 

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. 

listed in the Appendix.) 

(Participating personnel are 

5 



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. 

~owever, it was also recognised at the outset of CAPS that 

the knowledge gained during the study would be of benefit 

6 

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 ceen 

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. 

7 

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 Wester~ 

Australia have been involved in particu1ar experimen~_s 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 tuo levals. 

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. 

8 



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 svlphur 

dioxide and particulates 

Sulphur dioxide health standards and criteria in 

various other countries are summarised in Table 

25 and discussed on pages 3 and~ of the 

Introduction and Section 3.7.3 of this report 

9 

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 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. 

2.2.3 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 

t:: .. irteen twenty-four hour monitoring sites and 

ti:m continuous recording monitoring sites (see 

Fig.3). Smoke levels have bee~ 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 t0 23. 

Tables 1 and 2 contain the essential data relating 

10 



to the highest levels recordeJ 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. 

Li 

All of the levels of sulphur dioxide and smoke 

measured within the study area fall ,;1ell 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-fnur 

hour secondary standard was exceeded (see TaJle 1). 

Dust levels over the CAPS area, as measured by CERL 

dust gauges (Section 3. 3) v1ere 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. 

2.2.4 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 electric power output, the conversion 

of all industries to fuel oil and the operation of 



2.3 Other 

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. 

2.3.1 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. 

2.3.3 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. 

2.3.4 Aesthetic Considerations 

As noted in Section 3.7.4.4 industrial emissions 

cause impairment to the clarity of the skies. In 

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. 



2 • 4 Recommendations 

After discussion and endorsement of the report of the 

CAPS working group the Western Australian Environmental 

Protection Council on 8 nay 1974 agreed to the following: 

11 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 t'Jorld 

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 

Woodman Point waste water treatment plant for emiss.::.on 

of odours, and in view of the possibility that expdnsion 

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 Minister 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. 

14 



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." 
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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." 



3. 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 lev~ls 

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 Bis 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 

lS 



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. 
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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 
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From the outset of CAPS it was recognised that a 

detailed knowledge of the meteorological conditions 

was essential to any attempt to evaluate lev~ls 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( 3 ) 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). 



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 

Screen( 4 ) on-site and in addition a long term 

pluviograph provided half-hourly rainfall totals. 

3.1.1 Winds and Stability 
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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. 

The environmental (S) wind flow never attains 

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 Pasquill (S). 

Wind data collected at anemometer site A2 were 

used wherever possible, as this site best satis­

fied the meteorological criteria for instrument 



exposure( 6 ). When site A2 was not operating 

data from anemometer site Al were used. 

Figures 4 to 17 are wind roses constructed 
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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 f~om 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 the 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 didgram 

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. 

3.1.2 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 

drift from the other industrial works to the 

east( 7 ). 



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 Grovei 

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. 

3.1.3 Topography 

* 

The CAPS area, as shown in Figure 3 comprises 

An Air Dispersion Alert is given when light ~inds 
and'stable conditions are expected to allow 
pollu~ants to accumulate in the lower atmosphere 
for a period of at least twelve hours(B). The 
forecast is intended to apply over the whole 
metropolitan area. 



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). 
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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: 

i) Valley Effect: Atmospheric pollutants could 

accumulate in low-lying areas at night 

following the drainage of cold mo~st 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). 
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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 quantified 

(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. 

3.2 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 operat8d 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). Site 7 which commenced 

operation in July 1973 was specially set up to determine 

whether l-lt 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. 



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 
(12) 

standard method . 

Smoke is measured by the British Standard method(l 3 ). 

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. Henc~ the 

method is limited in that a change in the colour of 
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the smoke (ie the measured smoke level) may occur without 

any change in the quantity of smoke emitted, or con­

versely the absolute c:uantity o"f cmo];:c may c:.1ange i.lithout 

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 Januar~ 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. 



Tru~le 1 lists the seven highest ground level concentra­

tions of sulphur dioxide and the associated smoke 

concentrations for each site. r:..1:,8;]e seven values 

represent the two percent of days noted in the World 

Health Organisation guidelines for long term goals( 2), 

for which the ground level concentration of sulphur 

dioxide should not exceed 200 microgram per CQbic metre. 

It should be noted that the associated smoke levels are 

extremely low in comparison to the HHO 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. 

3. 3 I-lonitoring of Dust 

Dust has been monitored at five sites (see Fig.3) l:-y 

the Public Health Department using CERL directional dust 

gauges(l4 ). The CERL gauge is designed to collect wind­

borne dust from each quadrant. 

Results for each gauge are expressed as 0 total c.~i:ct.iness 11
• 

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 uest. The dust collected for a given 

time {one month in the case of CAPS) is measured using an 

optical obscuration method, whereby the amoEn-:.:. of dust 

which obscures the intensity of a previously calibrated 

light path is computed. Pure ~:1ater is taken as a 

reference level of zero. Table 3 below, lists th2 

annual average values for total dirtiness obtained over 



the Perth metropolitan area in 1972(l9 ). 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 I 4.6) \ 

Perth Airport 2.2 ( 3. 9) 

Naval Base 3.1 ( 4.5) 

Madding ton 
Site 1 7.7 (19.0)* 
Site 2 4.9 ( 8. 6) * 

Gosnells i 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 

th~ 1 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. In 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 )l) or less is potentially harmf1\l to 

humans from a health point of view(lS). Further, 

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(l 6 ) 

and the synergistic effect of sulphur dioxide with 

other particulate matter has also been reviewed and 

described(l 6 , 18 ). The World Health Organisation 

long term goals also emphasise the relationship 

between particulate matter and sulphur dioxide( 2 ). 

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 di0xide 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. 

3.4 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 an<l sulphur. 
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3.4.1 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 (Xantho~~ea p~ei-0-0ii), Banksia (Bank-0ia 

attenuata), Tuart (Eucalyptu-0 gomphocephala) and 

Jarrah (Eucalyptu-0 ma~ginata) 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 - Pinu-0 

pina-0te~): Transplants were dug up in DPcember 

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. 

3.4.2 Results 

From experience in the field and the laboratory it 

became apparent that Blackboy was the preferred 

botanical 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 



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. 

30 

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 Plnu~ plna~te~ 

proved unsatisfactory as the young plants contin­

ually 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 trende 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 Vl2 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 - Vl which is exposed to the sea, Vl3, 

Vl4, VlS and VlSA which are in the middle of 

the CAPS area and Vl8. 



iii) Medium - between 0.12 and 0.14% sulphur 

(average) 

Sites - V8 and Vl0 which are not exposed to 

prevailing southwest winds. 
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iv) High - between 0.14 and 0.16% sulphur (average) 

Sites - V3, V4, VS, V6 and Vll which are all in 

the path of the prevailing wind and at the 

southern end of the CAPS area; V7, V9 Vl6 

and Vl7. 

v) Very High - above 0ol6% sulphur (average) 

Site - Vl9, 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 Vl, V2, V3, V8, Vll and 

Vl6 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 sites Vl, V2, V3, V4, VS and Vll. 



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. 

3.4.3 Conclusions 
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i) 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. 

ii) Generally, the sulphur content of plant samples 

decreased with increasing distance from the 

Kwinana industrial complex. In addition, the 

effects of two secondary sulphur dioYide emission 

sources was shown by analysis of vegetation for 

sulphur. 

iii) Valuable experience in the methods and techniques 

of vegetation sampling and analysis was gained. 

This experience could be applied in future pollu­

tion studies. 

3.5 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 dS well as 



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. 
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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 dioxjde emitted 

by each industry as well as the way in which this amount 

varied during the year. 

3.6 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.SO). 

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 o~:m:·ec1 a strong tendency to follm1 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. 



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. 
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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. 

3.6.2 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 aiso recognised 

that it would not be nearly so straightforward to 



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. 
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A substantial amount of work has been carried out 

overseas on chemical tracers and their use to de­

fine pollutant fallout( 20, 21 ). In the present 

study it was intended to carry out a trial experi­

ment to see if the method could be applied Cilccess­

full7 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 



37 

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 £our minutes at. six r.1inute intervals; the first 

sample I1eing taken as a control !Jefore t:1e release 

of the "Freon". 

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 

::8 

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) 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. 

ii) 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. 

iii) Comparison of the results obtained v:ith theo­

retical contours predicted by the mathematical 

model used in PART B of this section gives 

close agreemento The theoretical ground level 

contours for the tracer experiment are shown 

on the overlay to Figure 53. 

iv) 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 

39 

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 qualitative idea of the relation­

ship of ground level concentration and wird. In 

PART B of this section a mathematical mot:!el 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. 



The maximum twenty-four hour value of 283 

microgram per cubic metre was recorded at 
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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). 

ii) Twenty-four hour ground level conceEtrations 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 

area. 

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. 



3.7.2 Correlation of Vegetation Survey Results with 
Ground Level Concentrations of Sulphur Dioxide 

1-1 

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. 

3.7.3 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

gra.r,1 per cu1)ic Lletre · is seen as a long term goal. 

ll...:n ac~ditional goal of ninety·-eigl.-lt percer:.t of 
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observations less than 200 microgram per 

cubic metre in a year is also recommended( 2 ), 

(see also Introduction page 4). 

iii) 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 r;::?A <22 ). 

iv) The USSR short term standard refers to a single 

incident. 

v) 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. 

vi) 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 



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 
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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 

area. 

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, 

3.7.4 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 peLiod, 

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 monitoring 

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 

occasions at site 2 again in south and 

southwest winds while a "sulphur dioxide 

smell" has been observed at sites 2, 7 

and 3. On a single occasion the same 

smell was noted at site 5 while an 

easterl.y wind was blowing. 

Infrequently a 11 sewage smell" was observed 

at sites 5 and 6 with northerly winds and 

once under calm conditions a "supe:rphos­

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 

d . bl f. d ( 2 6 ) suggeste as a possi e source o o ours . 

Sewage from this treatment plant has a 

potential for odour greater than other 

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 

transit. 

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 percent of its full potential 

developmento More complete elimination of 

odour problems would involve the total 

enclosure of 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 futureo While the Board is hoping 

that considerable improvement will result 

it certainly will not eliminate all odour 

sources. 

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 19720 

The general question 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 II fallout 11 
., 

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. 

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 

attractiono 

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 materialf 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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3.7.4.5 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. 



PART B MATHEMATICAL MODELLING 

3.8 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( 28 ). 

Basic output is in the form of a calculated long term 

average ground level pollutant concentration. 

·11 d. f . . ( 29 > d 1 Pasqui if usion equations were use to ca culate 

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 (hs) is the sum of the 
physical stack height and the plume rise. Plume 
rise is calculated using Briggs' plume rise formu­
lae<30): 

~h = 1. 6Fl/3. u -1. x2/3 

\vhere F = 3.7. 10-5 
QH (metre seconds) 

~h = plume rise 

u = wind speed 

X = downwind distance 

QH = 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 is 

then given by a process of summation of the contributions 

of all the emission sources, taking into account the 

variability of the wind. 

3.9 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 arbit.rary 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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3.9.2.1 Stability categories: Three stability 

categories, representing Turners classes 
( 31) B, C and D · · were used. These were 

bt . d f . 11 . <29 ) o aine rom Pasqui s categories as 

shown below: 

Pasquill 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Turner Model Category 

1 
B 

2 
C 

D 3 

3.9.2.2 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 0 1.6 0.67 

2 201 3.2 2.46 

3 3.7 5.4 4.47 

4 5.9 806 6.93 

5 9.1 - 11.3 9.61 

6 > l.L3 12,52 

3.9.2.3 Dispersion Functions: An analytical approx­

imation to the curves of Pasqui11< 29 ) and 

Gifford( 32 ) for the vertical dispersion 



functions 0-z >°11) was made using an 
empirical power law of the form: 
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The variables a and b for the stability 

classifications were obtained from Turner's 

"Workbook of Atmospheric Dispersion 

Estimates" (3l). 

3.9.3 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 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. 

3.10.2 Only surface meteorological data was used for 

input to the model. Vertical wind and temperature 

soundings were not available. 

3.10.3 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. 
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3.10.4 The sea breeze regime was difficult to mofel, 

3.11 Results 

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. 

Results of modelling are summarised in Figs. 5~ to Gl. 

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 predicti6n 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 oilo 

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.61) 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 mode 1. 
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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 45° 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 In 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, 



PART C CONCLUSIONS 

3.13 The following conclusions, on which recommendations may 

be made, have been drawn from the study. 

3.13.1 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 CAPS 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. 

3.13.2 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 
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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. 

3.13.3 Although computer modelling of the conditions 

prevailing in the area could not accurately 

predict ground level concentration of sulphur 



dioxide it does suggest that in the event of 

increases in power output using fuel oil, the 

conversion of all industries to fuel oil and 
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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. 

3.13.4 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. 

3.13.5 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. 

3.13.6 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. 
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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 sulpl:ur dioxide and associated smoke concentrations 
for each sulphur dioxide monitoring site (botl1 values are in 
microgram per cubic metre). 

:10NI'I'ORING SI'l'E 513 ?!ONITORING SITE l I1ONITORING SITE 2 

Date so
2 

Smoke Date so
2 

I 3. 1. 74 52 - 13.12.73 112 

15.1.74 46 - 29.12.73 79 

11.9.73 I 43 - 4.1.73 75 I 

i 

17.11.73 ! 42 - 11.9.73 69 

17.10.73 ' 41 - 5.1.73 64 

18.11.73 ' 35 2.1.74 64 -
31.3.73 35 - 1.1.73 63 

1-lONITORING SITE 3 llONITORING SITE 501 

I 15.8.73 ! 115 0 26.12.73 189 
I 

26.1.74 114 2 4.12.73 141 

31.8.73 100 0 19.12.73 113 

20.2.74 95 0 27.1.73 100 

2.2.73 86 1 2.2.73 100 

7.1.74 71 0 3.2.73 100 

1. 2. 73 69 0 13.11.73 95 

Smoke 

0 

0 

0 

0 

0 

0 

0 

-
-
-
-
-
-
-

Date so
2 Smoke 

3.1.74 283 0 

4.1.74 272 0 

14 .11. 7 3 269 0 

8.2.74 262 6 

2.1.74 251 10 

9.2.74 223 4 

8.1.74 195 1 

AONITORING SITE 7 

26.1.74 

3.1.74 

23.1.74 

31.3.73 

14.11.73 

18.11.73 

17.11.73 

126 

112 

63 

62 

60 

58 

54 

0 

0 

0 

-
0 

0 

3 

• • • Cont'd m 
N 



'i'AbLL 1 - (cont'd) 

I''.mH'l1ORIHG SITE 4 r:mJITORING SITE 5 

r 

Date ~02 SmoJ-::e Date SO2 

31.3.73 111 1 31.3.73 62 

3.1.74 58 2 14 .11. 7 3 60 

14. 11. 7 3 54 0 26.1.73 44 

18.1.74 51 0 11.1.73 36 

30.11.73 48 1 10.1. 73 34 

17.10.73 ,17 0 14.2.74 34 

29.12.73 45 0 6.4.73 32 

l10lH'i'ORilfu SI'I'E 514 MONITORING SITE 515 

! 

15.1.74 81 - 17. 1. 74 57 

11.1.74 77 - 12.12.73 52 

31.12.73 76 - 6. 1. 74 38 

26. 1. 74 72 - 16. 1. 74 37 

23.1.74 69 - 21.3.73 36 

21.1.74 46 - 30.7.73 35 

5 .1. 74 46 - 24.12.73 35 

: 

Smoke 

-
0 

1 

0 

1 

0 

0 

-
-
-
-
-
-
-

NONITORING SITE 6 

Date SO 2 Smoke 

24.1.73 61 -
25.1.73 36 -
31.1. 73 31 0 

4.1.73 29 0 

27.1.73 22 0 

26.1.73 21 -
12.10.73 21 0 

MONITORING SITE 516 

6 .1. 74 67 -
16.1. 74 64 -
24.12.73 57 -
31.12.73 55 -
22.12.73 53 -
4 .1. 74 53 -
28.3.73 52 -

°' w 



Continuous 
I Monitor 
l 

I 
! 701 

702 

Twenty-four 
hour monitor 

Twenty-four 
hours 

One 
month 

One Year 
(darch '7 3 

- Feb '74) 

* 
** 

TABLE 2 - Maximum recorded sulphur dioxide concentrations (microgram 
per cubic metre) January 1973 to February 1974. 

Half hour Three hours Twenty-four hours One month One Year 
I•1arch 11 7 3-February '7 4 

1056 (5.10.73) 
788 (23.12.73) 
740 (5.1.74) 

158 (19.3.73) 
156 (7.3.73) 
134 (4.3.73) 

513 1 

492 (5.10.73) 
444 (5.1. 74) 
404 (9.12.73) 

94 (8.3.73) 
85 (4.3.73) 
73 (7.3.73) 

2 3 501 

116 (5.10.73) 
76 (5.1. 74) 
73 (18.1.74) 

16 (17.10.73) 
14 (4.3.73) 
13 (8.3.73) 

7 

35 22.8* 
January 1974 

5 

Harch 1973 1.2** 

4 5 6 514 515 516 

52 : 112 283 1115 I 189 
3-:T. 74 /13.12. 73 3:r.-74 15.8.7326.12. 73 

126 I 111 I 62 I 61 I 81 I 57 I 67 
26.1.74 31.3.73 31.3.73 2°4--:-1.73 15.1.74 17°:"l.74 6-:-I".74 

I ! 
12 I 35 l 125 29 55 26 15 15 12 32 11 21 

Jan' 74 / Dec '73 j Jan' 74IJan' 73 lnec '73 
I 

Jan '741Dec '731Feb '74 !Jan '73 !Jan '741Jan '74I Jan '74 

5.7 8.5 I 32. o 7.8 16.7 

Average taken for five months 

Average taken for eight months 

10.7 7.6 6.2 3.5 6.9 4.1 9.0 

O"I 
~ 

i 

I 
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TABLE 4 

CERL DUST GAUGE - NAVAL BASE 

TOTAL PERCENTAGE PERCENTAGE 
DIRTINESS Al203 Fe203 

January 
4.3 43.4 -197 3 

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 
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TABLE 5 

CERL DUST GAUGE - MONITORING SITE NO.2 

TOTAL PERCENTAGE PERCENTAGE 
DIRTINESS Al203 Fe203 

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 
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TABLE 6 

CERL DUST GAUGE - MONITORING SITE NO.4 

TOTAL PERCENTAGE PERCENTAGE 
DIRTINESS Al 2o3 Fe 2o3 

January - - -
1973 

February - - -
March - - -
April - - -
Hay 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 Al 2o3 Fe 2o

3 

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 Al 2 0 3 Fe 2o3 

January - - -
1973 

February - - -
March - - -
April - - -

I-1ay - - -
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 
(Xan:tholLlLe.a plLe.i-61.Si). Washed samples reported" 

SAMPLED FEBRUARY 1973 SAMPLED JUNE 1973 
SITE 
NO. Chloride Sulphur 1Aluminium Chloride Sulphur Aluminium 

% % 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 

I 
250 0.89 0.16 220 

18 0.51 0.05 90 0.71 0.13 170 
19 0.43 0.19 I 120 0.73 0.24 220 

I 
! 

20 0.93 0.09 I 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 

I 

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 14 0 
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 
19 0.67 0.22 180 0.83 0.18 120 
20 0.81 0.05 70 0. 8 6 0.06 60 

r t 
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TABLE 10 - Vegetation Survey - Narrow Leafed Banksia 
(Bank~ia attenuata~ Washed samples reported. 

SAMPLED FEBRUARY 1973 SAMPLED JUNE 1973 
SITE 

71 

NO. Chloride Sulphur Aluminium i Chloride Sulphur Aluminium 
9-
0 % ppm ! % % ppm 

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 

i 
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 I 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 SEPTEI1BER 1973 SAMPLED JANUARY 1974 

' ' 

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 0.34 0.19 420 
11 0.46 0.04 4,400 i 0.49 0.23 2,700 
12 0.40 0.06 1,000 ' 0.41 0.08 790 ' 
13 0.20 0.12 270 0. 36 0.15 210 
14 0.38 0.13 2,400 I 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 

I 

17 - - - i - - -
18 0.05 0. 2 3 1,200 0.52 0.20 1,300 
19 I 0. 38 0. 2 9 380 0. 32 0.27 330 
20 0.18 I 0.15 560 0.54 0.09 340 i I 

I 
j I I 
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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) 

Dl.ILY DAILY AVERAGE OUTPUT OF SULPHUR DIOXIDE FOR EACH MONTH 
i-;.VER;;.GL 
FOR JAN FEB MARCH APRIL MAY JUNE JULY AUG SEPT OCT NOV DEC 
STUDY 1973 
PI.:RIOD 

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 

14. 3 14.2 8. 3 9.5 13.3 20.9 18.6 15.7 18.4 6.6 9.7 16.8 19.0 

8.2 
I 7.2 5.6 8.2 8.3 8.2 8.2 8.5 9.4 10.3 12.0 10.l 7.3 
i 

56.5 I 39. 3 54.5 52.9 65.6 59.2 61. 2 55.4 79.4 58.0 60.8 58.9 60.0 
I 

2.4 I 2.1 0.8 3.9 3.9 2.4 2.0 1. 3 4.0 2.0 0.9 2.2 2.9 
i 

9.7 I 9.1 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 

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 

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 

JAN 
1974 

38.3 

19.6 

6.8 

51. 3 

2.6 

9.7 

1. 2 

9.1 

FEB 

43.1 

9.1 

4.0 

34.6 

1. 9 

9.7 

1.7 

8.8 

-..J 
N 



T.\ill.l-: 12 ;'>[ l), \ i t () I' I.;\,'',' ~ i l t' 51J - C1)i't•t•i,.t t1,.)11 ~1;' t;i·u11:.(~ Lc•\·,:-d 
Co.ic,•,iLr.iLion.; or :--:ill;ii,11· llio,.ld~~ ;,,;\I h·i11d Co:~dit~o;-:s 

",, [),\II.\" \1 I \Jl I\ :--'i·:C 1'01! 
AVERAGE VELOCITY (ni/.~cc)/'!A,/OH STAIJTLlTY 

DATE I GLC• I s:-1OKE· · TOTAi. n;_ li!(;J!l•:.-<T '.';, 
o;, C,\!.\{ 

170 11'0 • ( J 0 ·:oo :: J(l __ ':.!O .''JO 
! /U- :·;o 0 0- ·~l>Oo 

170 180 I ')0 :,oo ;, I 0 I ;!:20 I :,-;o 

I 
FTVE l!TGIIP,ST H8,\llT\C;s FOil ST! ll\' f'l'll fOll 

J .1. 74 I 52 - 2. I 

1 5. I. 71, I 46 - 2. I 

11 . 9. 73 I li3 - 2. I 

17o11o7J, h2 - Ii.:, 

17o1O.7J Ii 1 - 12.5 

IIIG!!SST HEADT\(; FOH fc.\('JI \JO,TII 

31 .1. 73 I 17 I - I -

5.2.73 22 - l+. 2 

11 'l 71 1'> - 2. 1 
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Out of Order 
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11 • 9. 7J iiJ - .? • 1 
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17.11.7~ 42 - h. :! 
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out of Order 

.. 
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1110~ 22.9 ~ ~ '.! • I 8;J 22.9 1/1 .6 - 60.!1 - 210° 
180° ii.2 ~ ~ 11.2 fio2 2 .1 - - - 1 :2. 6 - 190° 
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l1. 2 12.5 IO .11 8.3 - - 47.9 - 160° 27 .1 7< 1/ 
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ii.2 3 I. 2 
0 3X :x :,.1 18. 7 8.3 3.3 77.O - 2JO 31 .2 
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- 8. 3 J1 .2 2.1 ii .2 12 • .5 60.ii - 200° 31 .2 ~ ~ 
li ,.2 - :;.3 :: .2 6.2 !1. 2 37.4 - 1h0° 16.7 ~ ~ 

~ ~ 
- - - 2.1 2. 1 - li.2 6.2 4o 0 20.8 ~ ~ 
8.3 B.J 2,1 602 12. 5 - 45. 7 - 50° 1 6. 7 ~I~ 

4 0 ~2 li 0 2 
1 so~ 

4.2 ~ ~ 2 0 1 - - - 12.6 - 190° 

11 .2 12.5 10 04 8.J - - 47.9 - 160° 27.1 ~ ~ 
8,J 1 O.l1 - .'2 .1 22.9 12 -5 60 .11 - 220° 22.9 ~ ~ 
h·. 2 8oJ 2. 1 10.11 602 12 ._'; lt5.8 - 240° 2O.0 ~ ~ 

18.7 8 0J 6.2 18 0 7 6.2 - 60.2 
1-s-ou 

18.7 ~ ~ - 210° 

~ 
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'L\IILI•: 13 '.'-lll.,ito1·i,i:": ;--;iu~ ·1 - Coi·1·1•i,.1io11 o:· G1·01i::u Lc•\"Cl 

Co,:C(•;1l1'1Lio1t..; or ::-;11lpln11·. Dio-,id0 ;11Hi \\'jnd Co:,d.it...i.0>1s 

~:, D,\1 LY Id \ll I\ :-'H'TOH 
TOT,\L n;, !il(;m::-T "~ A\'EH,\GE VELOCITY (m/,;cc)/'IAJOR STAUILITY 

DATE GLC* S~!OKE* * ",: CAL>l 170 180 ,<)() ::oo .:10 ·:::o 2')() l 70-:,Jo 0 o-:uo 0 

l/0 180 

FIVE HIGHEST READI'.'\GS FOH ST\1DY Pr•:1non 

1J.12.7J 112 0 1 o.li 

29.12.7J 79 0 2 .1 

4.1 .7J 75 0 2.1 

11.9.73 69 0 .2.1 

2 .1 .74 '64 0 4.2 

lJH;JIGST HEADTXG FOH EAC.11 ~10\'TH 

4.1. 73 75 0 2 .1 

Out of' Order 

11.J.7J 37 0 r:. J 

14. /1. 73 8 0 -

8.5.73 6 - -

16.6.73 5 - -
19.7.73 2 - -
2fl.8.7J 35 6 G.2 

11 .9 .73 69 0 2 .1 

J.10.7J 26 0 2 .1 

16.11.73 6 0 14.6 

11.12.71 11 2 0 10.4 

2.1.7/i 64 0 4.2 

9.2.74 19 0 12. 5 

* 

8.J 6.2 12. 5 4.2 2.1 8.J 52.0 - 240° 22.9 ~ ~ 
22.9 10.L1 li.2 8.J 16.7 20.8 85.11 - 180° 22.9 ~ ~ 

I 4v~ 
16. 7 ,:X ~ 4.2 4.2 6.2 - 8.J 12.5 J7. 5 - 1 J0° 

4.2 4.2 2. 1 - - - 12.6 - 180° 4.2. 7. 1/. 
16.7 22.9 8.J 6.2 29.2 - 87.5 - 220° 29.2 5:,S.,-( 

/· 4 X 
12W 

16.7 ~ ~ 4.2 IL2 6.2 - 8.J 12. 5 37.5 - 1 J0° 

~ ~ 
2. 1 il. 2 8.J 10 .11 li.2 4.2 45. 7 

· 11 ov 
14. 6 ~ -~ - 140° 

1 o.4 20.8 12.5 - 2 .1 4.2 50.0 - 190° 20.8 ~ ~ 
- - - - - - o.o - 270° 4J.7 ~ ~ 

50v 
20.8 ~ ~ - - - - - o.o - 10° 

- - - - - - o.o - JOO 25.0 ~ ~ 
!, . 2 4.2 - 2 .1 2 .1 8.J 27. 11 2 .1 160° 1 O. 4 ;_:y; ~ 
li.2 4.2 2 .1 - - - 12.6 - 180° 4.2 ~ ~ 
JJ.J 1 o.4 18.7 6.2 4.2 8.J 8J.2 - 180° JJ.J ~ ~ 
6.2 10.li 4.2 8.J 8.J 18.7 70.7 - 2J0° 18. 7 ~ ~ 
8.J 6.2 12.5 Ii. 2 2. 1 8.J 52.0 - 240° 22 Q ~ ~ 

16.7 22.9 8.J 6.2 29.2 - 87;5 - 220° 29.2 ;,X 1~ 

25.0 4.2 2 .1 4.2 29 .2l 10.11 87.6 - 220° 29.2 ~ ~ 

GLC - (;round .lc\·el co11c0ntratiou o.f sulpli11r dioxide ln micro.,:r,lm per cubic metre 

~mokc - micro(:·r;1111 p<'r c1il,ic metre 
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T.\ ill.I•: 111 \lo.ii 101·i,1, .. : ,:-;1 t ... ~ 2 - Co.·1·1•i,.tio11 u:· (;:'1.,)t1 .. .: I c•\·t~I 

Co,:c1•;1t.1· ,lion:; or S11l;>l1111· Pio\.i,L.--' ;l1:,1 h.i11d Cu:,di t.~0.1.-. 

% DA l l.Y 1,·1 \D l \ :-:1-:cnm 
TOTAL ,,;, AVEHAGE VELOCITY (rn/soc)/MAJOR STABILITY 

DATE GLC* SMOKE H c.,; C.-\Ul 
fll(;llE~T ~;> 

170 !HO , 'JO '.!00 :: 10 -~ ~:o •·Jo I 70-.,:iu 0 o-·JGo 0 

170 !HO 

Ff VE llTGllr,;ST HEAnr:,.;r;s FOH STl'llY PJ-:11 I()\) 
... 

J. 1 • 7 1, 28J 0 2 . 1 

4 .1 .74 272 0 8.J 

1 I+ .11, 7J 269 0 12. 5 

8.2.74 262 6 2,1 

2. 1 • 74 251 10 11.2 

IIT(;ll[,;ST RF:ADT\C; FOR E,\CII ~10:-;TH 

24.1 .7J 122 0 -

Out of )rder 

26.J.7J J7 0 -

5,l1.7J JS 0 2. I 

25,5,73 2J 0 l1 ,2 

Out of Order 

10.7,73 1 J 0 lt. 2 

Out oT Order 

20.9.73 9 4 -

17.10.7 70 0 12.5 

14.11 ,T 269 0 12.5 

29.12.r 1 51 0 2.1 

J. 1 • 74 28J 0 2. 1 

8.2,7/i 262 6 2 .1 

* 

180~ 
~ ~ 18.7 8.J 6.2 18. 7 6.2 - 60.2 - 210° 18.7 4 

11. :, 8.J 6.2 1 Ii. 6 I+ .2 2 .1 !/7,9 - 120° 18,7 ~ ~ 
JI. 2 1 l1.6 11 .2 J7.5 - - 100.0 - 210° 37:5 ~ I ~ 
- 111 .6 4 '> 27. 1 JJ.J 2 .1 8J.4 - 220° JJ.J ~ J / 

16. 7 22.9 8.J 6.2 29.2 - 87.5 - 220° 29.2 t/4 1/4 
11.2 12. 5 /1. 2 6.2 8.J 16.7 52.1 - 1 JOO 18. 7 ~ ~ 

~ ~ 
l;. 2 6.2 6.2 4.2 12.5 11,2 J7,5 - 1 J0° 16.7 ~ ~ 
- 8.J J1 .2 2 .1 l1. 2 12.5 Go .11 - 200° 1J.2 ~ ~ 

- - - li .. 2 2. 1 - 10.5 - 1 J0° 12.5 ~ ~ 
~ ~ 

.2.1 ".1 2 .. 1 - 8," - 18.8 - 160° 22 ,9 ~ ~ 
~ ~ 

- 16. 7 11 .2 2 .1 11.2 1 Ii. 6 li1 .8 20.8 230° 12. 5 ~ ~ 
ii .2 12.5 10. 4 8,J - - li7.9 - 160° 27 .1 

-~ ~ 
J1 .2 111. 6 4.2 J7,5 - - 100.0 - 210° J7,5 _1/4 ~ 
22.9 10.li 11, 2 8.J 16.7 20.8 85.4 - 1 80° 22.9 ~ ~ 
1 ,~. 7 8.J 6. 18 .7 6.2 60.2 

180° 
18.7 ~ ~ - - 'J 1 ()O 

- 14 .G 4,2 27.1! JJ.J 2 .1 8J.l1 - 220° JJ.J ~ ~ 

GLC - Ground J cvcl cone en tra ti on of' su l 11hur cl ioxi<lo ln micro:,;r,lm per cubic metre 

:::imokc - micro~:·r;1111 Pl'C c1dd.c metre 
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T,\III,J-; 15: )!oni t.01·i11i':· Sit,,__~ J - Co;'J't•i:,lion 01· (;1011:Hl Le\'Cl 
Co,1c- .... •;1tr,1tio1l:> or S1111)l111r Dio\ . .id0 ;1.i<i h·i.nd Co:od.i L.i.011.-.; 

';~ DA 1 LY 1'1 \Jl I\ :-'l•:t'TOit 
TOTAL '\, II l(;JJJ,.:-'T '.'~ AVEHAGE VELOCITY (m/scc)/'!AJOR STAIHLITY 

DATE GLC* 9lOKE• • '.';, CAUi 
170 iHO ,t)() ::oo ·:10 l ! .-~o ~ .H> 170-::·io0 o-·H,o 0 

170 180 190 :200 

I 
FIVE IIIGIIEST HEADT'sGS FOH STIii)\' PUI fOll 

15.8.7J 115 0 ;1. 1 1 o.h 16.7 1().1+ 2. 1 4.2 - li5.9 190° 16.7 4~ ~ ~ l 8.3---(' 
210° 

29 .2 -~ ~ 6~ 8~ 26.1. 711 1111 2 12.5 20.8 8.3 29.2 29.2 - 100 - 220° I, h 

31.8.73 100 () 2 .1 12.5 2 .1 - 10.lr 1 I+ .6 1 o.4 52.1 240° 18.7 
j~ ~ ~ -~ 

20.2.74 95 () JO.Ii 8.3 :22, 9 1 0 .I+ li1 .7 91. 7 - 210° 41. 7 3/, ~ 7, ~ 
2.2.73 86 1 - li.2 2. 1 2.1 - - 56.2 64.6 - 230° 56.2 !/, ·;,Y, 

llf(;JIJ,;,;T Jff,\J)l '..:t; !•'OH V,\CII 'l(l\"!'11 

31 .1 .73 66 0 

2.2.7J 86 1 

18.3,73 6/i 0 

18.4,73 3/1 -

26.5.73 10 1 

30.6.7J 5 0 

15.7. 73 1 2 

15.8.7J 11 5 0 

3 .9. 73 1;6 0 

11 .10.7J 12 0 

'H) 11 7' 25 2 

26.12.73 68 2 

26.1, 74 114 2 

20.2.74 95 0 

2 .1 18.7 11 . 2 h 2 ,, 1 ?'> Q 81 .2 - 200° 11, 2 ~ ~ 
l~. 2 2, 1 2 .1 - - 56 .2 611 .6 230° 56,2 -~ ~ 

- - - - - - - o.o - 1 20° 25.0 ~ ~ 
2. ·1 2. 1 2 .1 2. 1 - 2 .1 li.2 14,7 2 .1 110° 16.7 2y,-; ~ 
2, 1 6.2 - - 2 .1 - 11.; 1/i.6 - 4o

0 
12.5 3X ~ 

- - - - - - o.o 280° 37.5 -~ ~ 
- - - - 2.1 2.1 - 4.2 6.2 L;o

0 20.8 ~ ~ 
2. 1 10. 4 16.7 10.4 2 .1 11 .2 - 115.9 - 190° 16. 7 ~ ~ 

10.11 11;.6 4.2 8.3 6.2 12.5 - 56.2 - 180° 14.6 ~ ~ 
4.2 2 .1 li.2 - 8.3 4,2 6.2 29.2 18. 7 80° 11,.6 

-~ -~ 

31. 2 16. 7 12. 5 2 .1 16.7 20.0 - 100.0 - 170° 31 .2 ~ ~ 
/4. 2 1 O,IJ 12, ~ 12.5 6.2 1 O .4 11 .2 60.4 240° 29.2 ~ ~ 

210 
29 .2 ~ ~ - 12.5 20.8 8oJ 29,2 29,2 - 1 00 - 220 

10.11 8.3 2~~. 9 10, I; 41 .3 - - 93,7 - 210° 1,1 ,7 ~ ~ 

GLC - Ground level conc<~ntrat.i.on or :-;l1l11lnt1" <lioxid0 in micro::·r;iin JK·r c11bic metre 

-;.--,. Smoke - microt:·r.am per Cl1hic lllPtrc 
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T.\!11.E 16 >:d:1:101·11i,": ::--it{~ 501 - co,·1·,< .. tio11 or C1·011::c L<-,·0] 
C011e,,.1t,r~.1t;io11:; or ::::111.;o/1!11· Dio-.id~1 ;1,.t1 h"11H1 Co::dit.io11.--. 

~{;DAILY \IL\Jl I\ :Sl•:<'H)H 
TOTAL .. ;, llfl;J!!•;:,;T ~~ AVERAGE VELOCITY {m/.scc)/'IAJOR STABILITY 

DATE GLC* SMOKE•* ~;, C\UI 
170 I 80 'l)() :•oo : 10 ·!:!O !'JO l 70-:: )0° o-·H,0° 

!/0 180 

FIVE l!IGIIEST HEA!lI'.\:GS FOil STl'llY Pl•:11 roll 

26 .12. 7J 189 - 1, .2 

li.12.73 J/11 2. I 

19. 12. 7J 11 J 6.2 

27,1.73 100 - 2. 1 

2.2.73 100 - -

llf(;llf•>'T HEADT\r; FOR E,\CII ~10\Tll 

27. 1. 7J 100 :2 • 1 

2.2.7J 100 - -

15.3.73 8,'2 - 6.2 

IJ.li.73 56 - IO.', 

26,5,73 8 - ;2 o I 

2J.6.73 18 - /1 •• ? 

10.7,73 JG - 2.1 

J1.8.7J 39 - 2 .1 

17,9. 73 23 - -

27.10.73 59 - -
13,11o7J 95 - -
26 .12. 7: 189 - 11 .2 

18.1.7/i 88 - -

22.2.7/i 61 - 8.J 

1 O .l-1 12.5 12.5 6.2 l 0.l-1 /1. 2 60.11 - 2Lw 0 
29.2 

1~ ~ 
10.4 :2 • 1 1, .2 l1 .2 12.5 JJ.J 68.8 210° 11.1 

I~ 7( 
12.5 18. 7 6.2 8.J 16.7 2 .1 70,7 - 21,0° 22.9 

2~ s ~ 
10,li 27. I 6.2 2. I li. 2 JI .2 8J.J - 2J0° J1 .2 I~ ' ~ 
l+.2 2. 1 2 .1 - - 56.2 6/i.6 - 230° 56.2 / 17' 

10.li ,,- 1 
-I• 6 .. ? 2 .1 11 • :2 11 .2 S'l.1 - 210° 11 .2 ~ i ~ 

!1 .2 2. 1 2. I - - 56.2 6/i.6 - 230° 56.2 ~ ~ 
11, .G 20.8 I:,. 7 1 I+, 6 8.J 11. 2 85.4 - 190° 20.8 ~ ~ 

11:lO~ 
18,7 ~ ~ ll'l.7 16,7 2 .1 2. 1 :2. 1 ,?.1 51, .2 - 240° J 

6.2 - - 2. 1 - /1,s 1/i.6 - 1,0° 12.5 ~ ~ 
- 11. 2 1, .2 1 o.li 12.5 16. 52 .2 - 230° 16.7 ~ i ~ 
- 2. I - 8.J 16.7 10.11 39.6 - 220° 16.7 ~ ~ 

1 :2. 5 :2 • 1 - 1 o.li 1 Ii .6 1 0. 11 52 .1 - 2h0° 18,7 ~I~ 
16. 71 

0 ~ ~ - - 31 .2 1.?. 5 h .. 2 6/.1 .6 - 200 31. 2 

- - - - 39.6 !4 .2 /1 J. 8 - 220° 
-
39,6 ~ ~ 

'>0 .8 16,7 16. 7 1 /4. 6 29.2 2. 1 100.0 
0 

~ ~ - 220 29.2 

10.li 12.5 12.5 6.2 10.1, li.2 60,11 - 240° 29.2 ~ ~ 
2. 1 J7. 5 8.J /;,2 25. C 16.7 93,8 - 2110° 29.2 ~ ~ 
6.2 2, 1 2. 1 - 35. 1 - 5'1.1 - 220° JS.Ii ~ ~ 

GLC - <~round level cone en tra ti on or su l pln1r dio xidc i 11 micro.•~r<Lm per cubic metre 

Smoke - ru.icrot:r,.rn per c11hic metre 
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DJ\TE GLC• S'IOirn• • 
170 

T,\llLE 17: ~lo:ii_torin,": Sit,, 7 - Co1·1·,,Jatio11 ot' (;ro11:,d 1,,,vel 
Concc~ntr·lLi.on; or ~!!l!)l111r D_io:-.:..idc and \,:itHI Co:iditions 

n:, DATLY Id\!) I\ :-1•:cron 
TOT,\!. ",, 

0
~ Ci\I.)l 

l!TCI:l•>.:T n;, 
0- ;(,0° 

J\ VEHJ\CE n::LOCITY (m/ see )/'tJ\JOH STADILITY 

J.'10 ; ')[) :'()() : 10 :::o :·io ! 70- :·;(1° 
! ·;·o 180 I ')0 :200 :! I 0 :!:20 2JO 

PT\"E PIGIWST HEADI;>;<;s FOH STl'llY Pl-:llT0D 

26. 1.74 126 I 0 12.5 20.8 8,3 

3, 1 .74 112 I 0 2 .1 18.7 8.3 6.2 

17.9.73 63 I 0 - , 31 .2 

23. 1.74 63 I 0 .2.1 I 8.3 I 18.7 6.2 

13.11.73 I 0 16.7 f 10.11 I 8.J Ii .2 
I l 

29,2 I 29.2 - ,100 .. 0 

18.7 I 6.2 - 60.2 

16.1__\ 12.5 11 .2 64.6 

2.1 I J;_,. Ii 8.3 72.8 

6. 2 I 31 .2 2 .1 79. 1 

?'fOU 
2200 29.2 

iso" 
18.7 210° 

200~1.2 

220° JS.Ii 

220° J1 .2 --

1/1~ 
15,:.S-<J~ 

6 _4__.,.,.-,­
./1; 

~ 
~I~~--~ 9><11~r~,-----

~;:,;71~1~1~~1~1~ 
r5?1Xl3½1XIXI~ 
b~~ 11~~Ll7l f.-5~ 7.7/j 7.1/l 7_ •• oo/ 
I~ 1/s 1/4 1/4 IL4 V 4 V4 

llT<:IJE;;T HEADT\r; VOH P.ACII '10\Tll*[H 

15.7.73 

JI .8,7J. 

17.9.73 

3.10.73 

18.11 .7J 
2~ 
/J0.12.7 

26. 1. 74 

2.2.7/; 

8 2 

40 

63 0 

32 0 

58 0 

/;8 0 

126 0 

36 0 

,? • 1 

2 .1 

16.7 

8.J 

18 .7 

..,. 

..,. * 

12.5 2 .1 

J1 .2 

:JJ,3 JO.Ii 18.7 

10.11 8.J IL2 

lli.6 111 .6 8.3 

12.5 20.8 8.3 

6.2 6. :2 /1 .2 

2 .1 

10.4 

16. 7 

6 .. '2 

6. '.) 

li.2 

29.2 

6.2 

2.1 

I I,. 6 

1 
,, e 
4,:, 

4.2 

'J1 .2 

16. 7 

29.2 

8.3 

10,4 

1f.2 

8.3 

2 .1 

18,71 

2 .1 

11, 2 6,2 ._71~1~1~~~1~ 
52 .1 

61;.6 

/412-{"133];?12-{F~~ 
~l~l~?--i15?1~~ 

--
4o

0 20,8 ---
2110° 18.7 

200° . J1 .2 --
8J.2 180° J3.J 

79. 1 220° J1 .2 

85,/1 2J0° 18.7 ~l~Z:12---:l~l~l!.X-
1 00. 0 1:::71 ~9~L2~,~~ 

51. 9 2 .1 

210 
29.2 220° 

170° 18,7 ~17.1~~~ 
7171 ~l~l~I ~I~ 
~~~,~,~~~ 
l~~l~l~l~l~I~ 
~l~l~l~l~~I~ 
l::=:=:-77I-----1~I~1~I~ 
I~ ~c:71,;;;7I~~L~ 

GLC - (;round .lcv0l concc-11 tra ti on of .su l pil11r d ioxiclc in m.lc-ro{';rnm per C"11b.i_c metre 

Smoke - microt~rarn per c,1h i.c 1!1etr0 

*** Monitoring Site 7 commenced operation in July 1973 
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T,\.111.E 18: '.\lo:ii1.ori;1,"; :-iit.c> li- - Co;·1·(•l,1iio11 o!' C1·011::<1 LP\·cl 
Co11c,•,1lr.1t.io11.; or ::;11.l1d111t" Dio,id\? ,11l(i \\".incl Co:1djtJ.o.11..'.::> 

~~ DAILY \'1).D I\ ,-;1,CTOI! 
TOTAL ?~ 11 I GI IE."T ~ AVERAGE VELOCITY (..;/scc)/MAJOR STADILITY 

DA.TE GLC* SMOKE•* <,; CAUi I 70-'.c ')0° 170 IKO ; ()() :?()() :,10 :! ~!O ,·10 0- ;(,0° 
170 IHO 

FIVE HIGHEST READIXGS FOR STlllW P1-:11 TOil 

J1 .J. 7J 111 1 2 .1 2 .. 1 2 .1 JJ.J 6.2 2 .1 12.5 6o.4 6.2 200° JJ.J ~~ ~ 
180V 

18. 7 55< ~ J.1 ,74 58 2 2.1 18.7 8.J 6.2 18,7 6.2 - 60.2 - 210° 

1 4. 11 • 7J 54 0 12.5 J1 .2 11+ .6 4. 1 J7,5 - - 1 oo.o - 210° 37.5 4~ ~ 

18 .1 .74 51 0 - 2 .1 J7,5 8.J 4.2 25.0 16.7 9J.8 - 190° 37-5 I~ / 
JO .11. 7J 48 1 J1 .2 16. 7 12.5 2. 1 16. 7 20,8 - 100.0 - 170° J1 .2 1y. y 

IITGl!EST HEADIXn FOR F.Arll ~IOXT11 

26. 1. 7J J8 0 2.1 2. I 2 .1 11;.6 2 .1 12.5 1 /1. 6 50. 1 4.2 
200~ 

1 23001-1.6 ~ ~ 
Out of Order ~ ~ 
31 .J.7J 111 1 2 .1 2 .1 2.1 JJ.J 6.2 2. 1 12.' 60.!1 6,2 200° JJ.J ~ ~ I 
5.4.7J J5 0 2. 1 - 8.J JI. 2 2. 1 4.2 12.' 60.!1 - 200° J1 .2 ~ ~ 
1J,5,7J 11 0 8.J 4 .2 - 8.J 6.2 6.2 4.2 J7 ,I+ - 140° 16. 7 ~ ~ 
12.6. 7J 5 0 li.2 l1J. 7 1 l;.6 6.2 1 O .I+ 2 .1 - 81 .2 - 180° /;J,7 ~ ~ 
10.7.73 J 0 11 .2 2. 1 2 .1 2 .1 - 8.J - 18,8 - 160° 22.9 ~ ~ 
16.8.7J 20 0 - - - - 2.1 - - 2. 1 - 70° 31.2 ~ ~ 
29.9,73 28 0 8.J 8.J 16. 7 11;,6 12,5 - - 60.4 29,2 90° 29.2 ~ ~ 
17.10.73 47 0 12.5 l;.2 8.1 10,4 8.J - - 47,9 - 160° 27. 1 ~ ~ 
14.11.73 54 0 12.5 J1 .2 14.6 /4.2 J7.5 - - 100.0 - 210° J7 .5 ~ ~ 
29.12.73 li5 0 2, 1 22.9 10. li.2 8,J 16.7 20,E 85.4 - 180° 22,9 ~ ~ 

1ov-
18,7 -~ ~ J.1.74 58 2 2 .1 18 .• 7 8,J 6.2 18.7 6.2 - 60.2 - 210° 

10.2,74 li2 0 6.2 2,5 18. 7 8.J 10,4 20.8 - 66,9 - 220° 20.8 ~ ~ 

* GLC - Ground level concentration ol sulphur dioxide in microg·r;lm per cubic metre 

** Smoke - microc;ram per c11bic metre 
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T,\111.E 19 :--10.1: l.ot·i .Ii': =::i 1~• 5 - Co1·1·c•L1tion of' G1·oti::u Le\·01 
C01!C,:_•;ttr.1tio1L-: o.r Sulphur Dio:-..id..:! iutci Kj1ui Co;aliti.oa.:, 

% DAILY \l'I\fl I\ :-1•:CTOH 
TOTAL% IIIGll8::iT '.ls AVERAGE VELOCITY (m/scc)/MAJOR STABILITY 

DATE GLC* SMOKE** ~, CAUi 170 180 '')0 :,oo ·,10 !.'!0 :·10 I 70-:::10° o-:J00° 170 180 

FIVE HIGHEST REAllIK(;s FOR STllllY PEil ron 

J1 .J.7J 62 - 2 .1 2. 1 2, 1 JJ.J 6.2 2 .1 12,5 60.4 6.2 200° JJ.J ~ ~ 
14.11.7) 60 () 12,5 J1. 2 14. 6 4.2 J7,5 - - 100.0 - 210° 17. 5 ~ ~ 

2QQv 
14.6 J~ ~ 26.1 ,7J 44 1 2 .1 2 .1 2 .1 14.6 2.1 12.5 14.6 50. 1 If ,2 ?~no 

11. 1.7J J6 0 - 12,5 20,8 16.7 8.J 8.J 29.2 95,8 - 2J0° 29.2 / X 
10.1.73 J4 1 - - JJ.J 111. 6 8.J 2, 1 20.8 79. l - 190° JJ.J / / 

l!TGIIF:'5T RF:ADT\'G !'OR E,\Cll MO\'TII .. 
200v 14.6 ~ ~ 26.1.73 44 1 2. 1 2.1 2, 1 14.6 2. 1 12.5 11L5 50 .1 4.2 2J0° 

Out of Order ~ ~ 
J1 .J.7J 62 - 2.1 2. 1 2. 1 JJ.J 6.2 2. 1 12.' 60.4 6.2 200° JJ.J ~ ~ 
6.4.7J J2 0 12,5 6.2 6.2 2, 1 2.1 6.2 4.2 J9.5 - 240° 16.7 ~ ~ 
1J.5.7J 27 0 8.J 4.2 - 8.J 6.2 6.2 4.2 17.4 - 140° 16.7 ~ ~ 
Out of Order ~ ~ 
J1. 7.73 26 0 - - - - - 2.1 2. 1 4.2 4.2 JOO 25.0 ~ ~ 
Out of Order ~ ~ 
17,9.73 16 - - - - J1 .2 16. 7 12. ~ 4.2 64.6 - 200° J1. 2 ~ ~ 
23.10,73 7 0 - - - - - - - o.o 2 .1 260° 39.6 ~ ~ 
1 4. 11 • 73 60 0 12.5 J1 .2 14.6 4.2 37.5 - - 100.0 - 210° J7.5 ~ ~ 
Out of Order ~ ~ 
Out of Order ~ ~ 
14.2.74 J4 0 2.1 2.1 4.2 8.J 18.7 50.0 - 85.4 - 220° 50.0 ~ ~ 

* GLC - Ground level conct,ntration ·or s111 phur dioxlclo in microt:-r,im per cubic metro 

·JHt Smok·c - mlcrµr:-ram pee Cltbic rnotr•c 
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TAIILE 20 ~to:1·~.tori!~:": ~it(\ 6 - Cor·1•pJation of Gro11:1d LPvcl 
Co;?cc-:~tr-tion.: of .~:d!'11tir D.iox:icte- a11ci W.ind Co:HUtion.s 

';,, DAILY liI'.\O l '\ ::-ECTOH 
TOTAL n~ l!Icm;::-T.;, AVERAGE VELOCITY (rn/scc)/.'!AJOR STABILITY 

DATE GLC* SMOKE** : 70- ::ii, 0 ';, CAD! 170 l /<O .90 ::no :: ,o :!:!O .' '}() o-·:c,o 0 
:70 ,~o 

FfVE lfIGlll~ST READT!\'CS FOR STl'DY T"EHTOfl 
··-

24.1. 7J 61 - -
25.1.73 J6 0 2. 1 

Jl .1.7J Jl 0 -

4.1.7J 29 0 '! • 1 

27.1.73 22 - 2.1 

llf(;JIEST Hf':ADTXG F'OR FA<'II ~10\"TII 

24 .1.73 61 - -
Out of' Order 

14.J.7J 21 0 8.J 

2J.4.7J 16 0 -
6.5.73 10 - 2, 1 

Out of' Order 

2.7.73 4 - -
6.8.7J 1 0 8.J 

29.9.73 13 0 8.J 

12.10.7 21 6 -
28.11.7 12 3 6.2 
9llb,24 

8 8.3 .12.73 0 

2, 1 .74 19 0 4.2 

23.2.74 16 0 8.J 

4.2 12.5 4.2 6.2 8.J 16. 7 51.9 - 1J0° 18.7 --~ ~ 
- 6.2 6.2 - 2 .1 1 o.4 27.0 - 100° 20.8 J~ ~ 
2. 1 18.7 Jl. 2 li.2 2.r 22.9 81 .2 - 200° Jl .2 -~ ~ 

120° 16.7 ~ -~ 4.2 4.2 6.2 8 ·> 12.5 J7.5 1J0° - .. -
10.4 27.1 6.2 2. 1 4.2 Jl .2 8J.J - 2J0° Jl .2 I~ ~ 

4.2 12.5 l1 .2 6.2 8.J 16.7 51 .9 - 1 JOO 18.7 '"~ ~ 
- ~ ~ 

4.2 6.2 10.!i 1 o.4 8.J - 47.8 4.2 290° 20.8 ~ ~ 
Juu-

25.0 -~ ~ - - - - - - o.o - 310° 

8.J 2 .1 10.!i - 8.J 14 .6 l15,8 - 100° 29.2 ~ ~ 
~ ~ 

- - - - - - o.o 8.J 11 o 0 16.7 ~ ~ 
8,J 8.J 2 .1 6.2 12.5 - 45;7 - 50° 16.7 ~ ~ 
2. 1 1 o.4 10.4 25.0 - - 56.2 - 90° 29.2 ~ ~ 
- - - 6.2 4-3. 7 16. 66.6 - 220° 43.7 ~ ~ 

20.8 27 .1 - 25.0 20.8 - 99,9 - 1~)00 27 .1_ ~ ~ . 4 . 

4.2 4.2 4.2 8.3 4.2 
21v 

12.5 ::J--; ~ 12.5 50.0 - 240° 

16. 7 22.9 8.3 6_.2 29.2 - 87.5 - 220° 29.2 ~ ~ 
2.1 4.2 - 2. 1 14.6 2 .1 33.4 - 80° 16.7 ~ ~ 

GLC - Ground 10\"t'I cone0ntr;!iion or ~1?lpht1r dioxide- jn micro,i:·r;,m pPr c11Jd.c metre 

~mokr- - mic-r·o,·:r:u11 pc•r ~;d,iC" :nc•l.r-0 

190 200 210 
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TAHI.J•; 21 

~~ D,\ 11.r "l \D 1 \ c-1•:croH 

DATE GLC* SMOKE** 
170 IMO ;<10 ::oo :: 1 0 

'.'-lo.1i to1·i;1i'·; ~i Ll' 514 - Coi·t•t-;,d ion oi· G1~011::d Lc.•\·cl 
Co,1c .. ~11tc.,liort.-:; or S1:.lr•l1111~ l>io.;id0 ;lit<i \~i.nci Co,;.d.i.t.io:as 

TOTAL ",: 
~~ C.\Ul 

lll(;J!Eo-;T ?; 
0-'Ju0° 

AVERAGE VELOCITY (m/scc}/'IAJOR STABILITY 

:!:!O :::10 : 70-.·! 'jOo 
170 180 190 200 210 2:"!0 2JO 

FIVE HIGHEST READIXGS FOR STl'DY PFI! !Oil 

15.1.74 81 - 2. I 2 .1 I 1 o.li 

11.1.74 77 - 2 .1 1 o.1t I 8.J 

8.J 22.9 

4.2 

111 .6 

27.1 

- . Go.Li -
511.2 -

~~[!)<7~M~------1i 4 · _ _ -1l _ _ _ ___ 4 4 ~ 4 I __.,,--

1~23<1~1~~~ 
140-u 
2100 22.9 

220° 22 .1 

31 .12.7J 76 - - 4.2 I 8.J 2. 1 10.li 2 .1 

2 .1, 

6.2 JJ.J - 100° 2'.J.9 -~2i:j~~~~~ 
26.1.74 72 I - I - I I:,. 5 I 20. ,., 

2J.1. 74 69 - I 2. I I ".JI 18. 7 

8. J 

6.2 

:29. :2 

2 .1 

'')() '} "-/ . .:.. 

35_ 1, 

100.0 . -

8. JI 8 i. I l -

1~5-J/1~8.5~9.9~10:h~I- ___ / 
I /ii /,,,/4 //h I/ ii L/l' L/ 

1??15¼1XIXIXIYl/4 
210° 
2200 29.2 

-
220° JS.Ii --

llTC!IEST H8ADT\(; FOR EAC'II ~10\;TII .j 

31.1.73 

7.2.73 

1 • 3. 72 

6.4.7J 

13.5.73 

25.6.7 

11. 7 -73 

21 .8.7J 

17 

35 

27_ 

24 

12 

Li 

8 

14 

2 .1 I 

2 .1 

8.J 

12.5 6.2 

8.J h.2 

li.2 2.11 

h .. 2 ~, • I 

18. 7 J1 .2 - ._ 

25.0 27 .1 

Ii .2 11.2 

6.2 2.1 

- 8.J 
--

2 .1 I 2. I 

4 .2 2.1 I 22.9 

2 .1 2. 1 

6.2 10.h 

2 .1 6.2 

6. :! 6.2 

I 
6.21 -

12.5 

16.? 

li.2 

li.2 

2 .1 

I 0.!1 2. 1 I I o.'-1 I 

58.3 713--;"l~I~ :-¼1~~ 
--

200° 31.2 

70.9 -~~,~~1~?;5--('I~ --
200° 27., 

50.0 71~1!:Y,l~;;J-(l~L9---; --
130° 25.0 

39.5 2h0° 16.7 ~~__Y,1~1~~1~ 
37.li :Kl:Xl~~~,~ 
1 P. .8 1~;¾71~-~-~~ 

1h0° 16.7 
---

80° 18.7 ---
o.o 4o

0 
22.9 

9~ )
0 

14 .-6 I Zi.o__::,.,...--r 6.-~,_ ir.o.......-7J_ o:.o.,.,/11 b.o:::;,,1 -6.~ 
,o 0 _.,,.,----l+l_,.,,,......--3 ,.,,,......--41~ 1rl_~ 1rl_.,,.,----l1 60° 

I i I 18~-- . 
, , " ---+----:...'----- _ ,0 0 11 .• "' 117'7-:-~.ao:-:.?::;::,..,r

7r.c: ;J"'-

7s~1
~

8
;:::c~-..!±._j __ 

.11,T',i -,1,_ 1 l~E' , _1/ '< ,~/ I ;//I o.o./1 /

1 

; ~ ' '. ': 'I'; -- - i I . . _,_, - I _/1 ,. ,· ,., ~ . ,, ' ,./ ,, I // . -,/--- I - • ,-/ 
" , _I I I '. I - ,., I .,,- _, ' . - _. ·-- I ,,.,,,,.- I _) ~"""' I __1~U~_,,,/"'I Lt ~; /'i f~,,,,,_,,_,,,.,. " 
)1.1,2.T''I ·-c - ' i , __ ,i __ - --_ 1 I . '// ,,,,,;..,--6 ____ , .. -, ·•;,_./·' ,.,>..----'7 - 7 / ~---1 ·'; I) 1 I ' ' I I I , ------• • - 1 <)()v - • _,,/ ,; ,---/ 0 I _,,,..- I 11 ~,. ,,,/~ - ~/1 

1 • - , I I 

1 

"· ,; · , I , , ' , " , I · 1 • .• ' v , __ ' __ ../,,,,.,..,,., 9 ;.,,,-,,,,,.,~~ ' 

( __ _ ),.l,,1:·+. SJ ;i : 1------1-----·---~· ,. I' (;,,:!! ')';,-·) ' ----- .,-'----

' 1 J • , I , c, . , .I I · I 'l"i" 
. • - I I I . " • ' I ,, • i • . I ,, J ' ' ·. . .. 

1L9,7'., hJ : . \ 
¼ ~ 10,. 7:; 10 

8(i1J 

90° 
~ 

.1 
--
-~~". cj --

1.-~.--01. l Order i ~ 1 I -> 
1 

l'l-....J "·

1 1 

':-D · 
- I I 

I 

i , rn "' • · ' • '' - ' • " ,,, , ,. ,. /, ! i i ' l './ ,, I /' ; ~- . h --~ j I" ' _.,., ,"S f' 

' ' ! . "I ~I - ,, I/" ,_. . . I _,., 
' J ' _...., - ' I .-. 1 /"_.,- I _,,/ 71 ,, 'T;;,j ,,..- I --

' / ,,---.,,, ,_.,,--,.,...-, _,,,,, •• / I - J 
--· _____ ., ~<-

:) 

* GLC - Ground level conccntrution of' ~11lp11ur dlox.ldc i•i mlcro::r.:1m per cubic metre 

** Smol{c - mlcroe-r;-un per c11l>ic metre co 

"' 
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T.\J\1.E 22 ,!0:ii.tori,·,": ,-;; 1,, 515- Cot'l'Platlon of' (;1•011::d 1,,,vcl 
Co11c.:~::tr 1 lio11.: of' S11Lphur D.iox._U.lc and \\.ind Co:ali.Lioi1.s 

I I GLC* 

?; DAILY \,1 \D I'\ ,-,1,:CTO!l 
DATE S~IOKE*·• 

TOTAL ... :, 
n:..CADI 

ll!Gl!E,-,T ~;, AVERAGE VELOCITY (m/scc)p!AJOR STABILITY 
: 7u-.:·jo0 O-lt.0° 170 !RO . ()() :•oo :: 10 :! :20 ?'\(} 

I Fl VE l!H:1LsT HE,Jn:-;(;s FOR sT1:rw PFllTOD 

:70 180 

I I • . . 

17.1.74 I 57 - 1 o.4 12. 51 2 .1 2 .1 2.1 20.8 - 50.0 - 220° 20.8 4~ ~ 
12.12.731 52 - 10.4 2 .1 2 .1 6.2 - 4.2 12.' 37.5 - 250° 25.0 ~ ~ 
q.1 .74 JS - 12.5 4.2 2 .1 L1. 2 2 .1 10,4 1+.2 39,7 ~ 80° 22.9 35< ~ 
16.1.71+ J7 - - - - - - - - o.o - ·120° 41.7 / / 
21 .J.7J 36 - L1._2 - 2. I I 6.2 2. 1 2. 1 10.4 27. 1 - so0 

29.2 y. / 
11rr;111;;sT lll-:Al)J'-;r; FOR l•:i\Cll \f()\Tll 

21 .3. 73 36 - 4.2 - 2. 1 6.2 2.1 2.1 10.li 27. 1 - 80° 29.2 ~ -~ 

5.1+.73 19 - 2. 1 - 8.J 3 I .2 2. 1 4.2 12.5 60.L1 - 200° J1 .2 ~ ~ 
6. ,. 71 11 - 2 .1 8.3 2 .1 10.4 - 8.J 14.6 45.8 - 100° 29.2 ~ ~ 

11 ov 
1 8. 7 ~ ~ 24.6.73 1 - 12.5 18.7 - - - - - 31 .2 - 180° 4 

J0.7.73 35 - 2. I - 2 .. 1 - 8.J 16. 'i 10.11 39,6 - 220° 16.7 ~ ~ 
26.s.73 8 - - 2. 1 - - 2 .1 6 .2 12.5 22.9 - 60° 22.9 ~ ~ 
28.9.73 5 - li.2 6.2 2. I 2. 1 2.1 - 2.3 19.0 - 310° 33.3 ~ ~ 
19.10.7 12 - - - - 4 •• 4.2 4 .: 2.1 12.6 - 100° 22.9 ~ ~ 
17.11.7 23 - ii .2 8.J 10, 11 - 2 .1 22.9 12.5 6o.4 - 220° 22,9 ~ ~ 
12.12.r 52 - 10.li 2.1 2. 1 6.2 - 4.2 12.5 37.5 - 250° 25.0 ,~ ~ 
17.1,74 57 - 10.li 12.5 2. 1 2. 1 2, 1 20.8 - 50.0 - 220° 20.8 I~ ~ . 4 

5.2.74 33 - - - - - - - - o.o - 120° 62.5 I~ ~ 
l~ ~ 
~~ ~ 

GLC - (;ro,rncl .l 0,·p_f conc011 tra ti 011 or "" I plmr dioxide in 111lcro11-ram JI<'!' cubic metre 

:Smokr> - mLcrot~·r~nn per c1th i_c m<,tr0 
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T,\111.E 23 'Io:i.i.tori1•,: Sit<; 516 - Con•plation or r.,•otJ::d Le,·cl 
Co11cPntr;1tio11.~ or ;-;tiljlhur D_io\:_iclc attd \\'.ind Co:td.ilion.s 

~;DAILY liT\f) I\ ,<I-;CTOH 
TOTAL o;, rnc;m;:-:T ~;, A VEHAGE VELOCITY {m/ sec )/MAJOR STABILITY 

DATE GLC* SMOKE** r:, CAL~! o-•H;oo · 170 ,~o . '10 ::oo ::10 :!:~o :,:Jo : /O-.:·;o 0 

!70 !BO 

I I I Frvr: l!IGlllcST HlcAOI'-;(;s FOR STl'[)Y PEIi !Oil ! --- -
6.1.74 67 - 12.5 

16.1.74 64 - -
.. 

24.12.73 57 - -

31.12.7J 55 - -

22.12.73 53 - i li.2 
i I I 

llf(:lllcST HEADT\'C: FOR f·'.ACII ~10,Tfl 

28.3.73 52 - 2. 1 

5.11.7J 20 - 2 .1 

13.5.73 I+ - 8.J 

12.6.7J 3 - 4.2 

5.7.73 2 - -
15.8.7J 15 - 2. 1 

11.9.73 12 - 2 .1 

19.10.7~ 29 - -

17.11.7: 41 - 4.2 

24.12.7~ 57 - -
6.1.74 67 - 12.5 

17.2.74 45 - -

* 
** 

4.2 I 2. 1 4.2 2 .1 1 o.4 li.2 39.7 - 80° 22.9 3x ~ 
' -~ ~ - - - - - - 0.0 - 120° /i1.7 

4.2 - 2 .1 6.2 -8.3 4.2 25.0 - 100° 29.2 -~ ~ 
I_~. 2 8.3 2 .1 10 .11 2 .1 6.2 33.3 - 100° 22.9 / 7-

12.5 li.2 20.8 18.7 4.2 8.3 72.9 - 200° 20.8 ./i 17" 
2 .1 - - - - - 4.2 - 11 o 0 

31 .2 ~ ~ 
- 8,J 31 ,2 2 .1 4.2 12.; 6o.4 - 200° 31.2 ~ ~ 
4.2 - 8.3 6.2 6.2 l;. 2 37.4 - 11io

0 
16. 7 ~ ~ 

li3, 7 14.6 6.2 10.11 2 .1 2.1 83.3 - 180° 43.7 ~ ~ 
- - - - - - o.o 8.3 4o

0 
27.1 ~ ~ 

10.4 16.7 10.4 2. 1 4.2 - h5.9 - 190° 16. 7 ~ ~ 
1 tsu~ 

li.2 ~ x-1._2 li.2 2 .1 - - - 12.6 - 190° 

- - h.2 · li.2 2.1 2. 1 2 .6 - 100° 29.2 ~ ~ 
8.3 10 .:1 - 2.1 22.9 12.5 6o.4 - 220° 22.9 ~ ;.:)---; 
4.2 - 2. 1 6.2 8.2 4.2 25.0 - 100° 29.2 ~ ~ 
li.2 2 .1 4.2 2.1 1 o.4 4.2 39.7 - 80° 22.9 ~ ~ 
- - - - - - o.o - 11 o

0 
35.4 ~ ~ 

I j ~ 
I ! ~ 1-------

GLC - Grou11d 1 p,·0.l Conc011 tr;~ ti 011 or .··•:ti I plnir dioxide ·in 111lcro,:·r;im pt• r c11b.i c metre 

~mokc - ml c ror: ram per r I il) i c- mp t r0 
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TABLE 24 - Annual mean sulphur dioxide concentration 
and average percentage of sulphur 
measured in Blackboy tips (Xantho~~ea 
p~ei-0-0ii) at sulphur dioxide monitoring 
sites 

MONITORING ANNUAL MEAN AVERAGE 
SITE so2 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 

; 

85 



SOURCE 

World_Hea~th( 2 ) 
Organisation 

I United States 
Environmental 
Protection 
1\.gency ( 1) 

Sweden< 24 > 

Union of Soviet 
Social~st( 23 ) 
Republics 
(USSR) 

Japan< 25 > 

TABLE 25 - Health standards and criteria for sulphur dioxide. 
Figures are given in microgram per cubic metre 
(pant~ pen hundned m~ll~on). 

SHORT TERM THREE HOUR TWENTY-FOUR ONE MONTH 
HOUR 

365 ( 1 4 ) 
1300 ( 5 0) 260 ( 7 0) 

650 (25) 260 (70) 130 (75) 

500 (18.7) 150 15. 6) 

267 ( 7 0) 107 ( 4) 

·•-~-> 

ANNUAL 

60 ( 2) 

80 I 3 J 
60 I 2 l 

--i 
I 
I 

I 
·~ 

I 
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r FIG 2 Coogee Air Pollution Stud Relationship to Industrial Area 1-~----~---~-~---~--~7 
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COOGEE AIR POLLUTION 
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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 direc•1on 
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FIG 5: Wind Rose - February 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 d1recti on 
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FIG 6: Wind Rose - March 1973 
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FIG 7: Wind Rose - Ap-il 1973 
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FIG 8 : Wind Rose - May 1973 
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FIG 9; Wind Rose - June 1973 
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FIG 10 : Wind Rose - July 1973 
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FIG II: Wind Rose - August 1973 
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FIG 12: Wind Rose September 1973 
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FIG 13 : Wind Rose - October 1973 
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FlG 14: Wind Rose November 1973 

N 
360° 

oOBI 

s 

The length of the bars shows the percentage of the whole 

month during which the wind blew from the indicated direction 

100 

\ 
\ 

Tl, 
I I 
: ' 

I 

/ 



w 

FIG 15: Wind Rose - December 1973 
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FIG 16: Wind Rose - January 1974 

N 
3600 

; 
Q) 

->:' 
~ 

' \ 

s 

The length of the bars shows the pero~n+age of the whole 

month during which +he wind blew fro:n the indicated d1rec•ion 

I 

I 
5! 

!f' 

102 

f 
I 
i 

L 1. 

I 
J Jc', 
I ," 

, 0 

!!_> 
tVo'-0 

I 
, 

I 
I 

I 
;_~' 



w 

FIG 17 : Wind Rose - February 1974 
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FIG 18: Annual Wind Rose - March 1973 to February 1974 
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FIG 39: Cumulative Frequency Diagram 116 
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FIG 40: Cumulative Frequency Diagram 
Monitoring Site No.5 
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FIG 42 Cumulative Frequency Diagram 
Monitoring Site No 514 
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FIG 43 Cumulative Frequency Diagram 
Monitoring Site No. 515 
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FIG 44 Cumulative Frequency Diagram 
Monitoring Site No 516 
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FIG 53 : Ground Level Contours Obtained from Tracer Experiment 
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FIG 53 : Ground Level Contours Obtained from Tracer Experiment 
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