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Appendix A. 
Additional information on the study design used in HISAAP 
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Table A1.1.   Location of 18 schools participating in the Hunter component of the HISAAP 

project  

Study area /  Location Distance from school 

   (code) name of school  Industry Monitor * 

Stockton:     

   (11) Stockton Public Clyde St, Stockton < 2km < 1km 

   (12) St Peters † Dunbar St, Stockton   

Wallsend:     

   (21) Plattsburg Public school Ranclaud St, Wallsend n.a. < 1km 

   (22) Wallsend Public Martindale St, Wallsend n.a. < 2km 

   (23) St Patricks † Wentworth St, Wallsend n.a. < 1km 

   (24) Wallsend South Smith Rd, Elermore Vale 3.5km 3.5km 

Mayfield:     

   (31) Mayfield East Crebert St, Mayfield < 1km < 1km 

   (32) Mayfield West Gregson Ave, Mayfield < 2km < 2km 

   (33) St Columbans † Church St, Mayfield < 1km < 1km 

   (34) Mayfield Christian 

Community School † Kerr St (corner Bull St), Mayfield < 1km < 1km 

Beresfield:     

   (41) Beresfield Lawson Ave, Beresfield n.a. < 1km 

   (42) Woodberry Lawson Ave, Woodberry n.a. < 1km 

   (43) Tarro Eastern Ave, Tarro n.a. < 2km 

   (44) Our lady of Lourdes † Anderson Drive, Tarro n.a. < 2km 

North Lake Macquarie:     

   (51) Argenton Montgomery St, Argenton < 1km < 1km 

   (52) Boolaroo Main Rd, Boolaroo < 1km < 1km 

   (53) Speers Point Main Rd, Speers Point < 2km < 1km 

   (54) Biddabah Medcalf St, Warners Bay < 3km < 2km 
 

_____________________________________ 

*.   Distance from school to the air pollution monitor whose data was used in the analysis 
†.   Private school 
n.a.   No industry in study area 
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Table A1.2.   Location of industry at each study area 

 

Study area / source Location of industry 

Stockton:  

   Incitec Greenleaf Rd, Kooragang Island

   BHP Industrial Drive, Mayfield 

Wallsend:  

   n.a. n.a. 

Mayfield:  

   BHP Industrial Drive, Mayfield 

Beresfield *:  

   Crematorium Anderson Drive, Beresfield 

   Steggles Hawthorne St Beresfield 

North Lake Macquarie:  

   Pasminco Metals Sulphide Main Rd, Boolaroo 

   Incitec Main Rd, Boolaroo 

 
_____________________________________ 

n.a..   Not applicable as no industrial source nearby 
*.   Bersfield was a control study area but did have two possible sources of air pollution. 
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Table A1.3.   Location of air quality monitors at each study area 

Study area / source Location of air quality monitor 

Stockton:  

   Newcastle City Council Douglas St, Stockton 

   Newcastle City Council, Incitec Roxburgh St, Stockton 

   NSW Health Pollen Study St. Pauls Anglican Church; cnr Maitland St and 

Church St, Stockton 

Wallsend:  

   EPA, Newcastle City Council Wallsend Baths at Francis St, Wallsend 

   ANSTO, NSW Health Pollen Study Pettinger Building at the former Wallsend Hospital; 

Longworth Ave, Wallsend 

Mayfield:  

   EPA, NCC, BHP, ANSTO, NSW 

Health Pollen Study 

BHP Recreation Club at Crebert St, Mayfield 

   Newcastle City Council Tourle St, Mayfield 

   Newcastle City Council Allowah St, Waratah 

Beresfield:  

   EPA Francis Greenway High School at Lawson Ave, 

Woodberry 

   NSW Health Pollen Study Crematorium at Anderson Drive, Beresfield 

North Lake Macquarie:  

   Pasminco Metals Sulphide Sixth St, Boolaroo on slopes of Munibung Hill 

   Pasminco Metals Sulphide Victoria St, Argenton 

   Pasminco Metals Sulphide First St, Boolaroo 

   Pasminco Metals Sulphide Fourth St, Boolaroo 

   Pasminco Metals Sulphide Lake View St, Boolaroo 

   Lake Macquarie City Council * Council Chambers at Main Rd, Speers Point 

   NSW Health Pollen Study Council Chambers at Main Rd, Speers Point 
_____________________________________ 

*.   Envirosciences Pty Ltd. were commissioned by Lake Macquarie City Council to collect air quality data 
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Figure A1.1.   Map of Stockton study area showing industry, schools, and air monitoring 

locations 

 
               1 km                
 
Adapted from (Gregory's Publishing Company 1989) 
Air.   Air monitoring station 
Pollen.   Pollen monitoring station 
School IDs are displayed in this figure. Refer to Table A1.1 for the coding scheme applied. 
 
Map reproduced with permission of Gregory's.  Copyright Universal Publishers Pty Ltd DG 03/07 
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Figure A1.2.   Map of Wallsend study area showing industry, schools, and air monitoring 

locations 

 
             1 km              
 
Adapted from (Gregory's Publishing Company 1989) 
Air.   Air monitoring station 
Pollen.   Pollen monitoring station 
School IDs are displayed in this figure. Refer to Table A1.1 for the coding scheme applied. 
 
Map reproduced with permission of Gregory's.  Copyright Universal Publishers Pty Ltd DG 03/07 
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Figure A1.3.   Map of Mayfield study area showing industry, schools, and air monitoring 

locations 

 
             1 km             
 
Adapted from (Gregory's Publishing Company 1989) 
Air.   Air monitoring station 
Pollen.   Pollen monitoring station 
School IDs are displayed in this figure. Refer to Table A1.1 for the coding scheme applied. 
 
Map reproduced with permission of Gregory's.  Copyright Universal Publishers Pty Ltd DG 03/07 
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Figure A1.4.   Map of Beresfield study area showing industry, schools, and air monitoring 

locations 

 
               1 km 
 
Adapted from (Gregory's Publishing Company 1989) 
Air.   Air monitoring station 
Pollen.   Pollen monitoring station 
School IDs are displayed in this figure. Refer to Table A1.1 for the coding scheme applied. 
 
Map reproduced with permission of Gregory's.  Copyright Universal Publishers Pty Ltd DG 03/07 
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Figure A1.5.   Map of North Lake Macquarie study area showing industry, schools, and air 

monitoring locations 

 

 
              1 km 
 
Adapted from (Gregory's Publishing Company 1989) 
Air.   Air monitoring station 
Pollen.   Pollen monitoring station 
School IDs are displayed in this figure. Refer to Table A1.1 for the coding scheme applied. 
 
Map reproduced with permission of Gregory's.  Copyright Universal Publishers Pty Ltd DG 03/07 
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A2.   Distance from child’s home to school 

 

The location of the five study areas Stockton, Wallsend, Mayfield, Beresfield, and North Lake 

Macquarie is shown in Figure A2.1 

. 

Figure A2.1.   Map showing the five study areas and nearby suburbs 

 
                     10 km 
 
Adapted from Wilkins Tourist Maps 2000 
 

Most children attending school at Stockton lived at Stockton, the remainder lived in the 

neighbouring suburbs of Fern Bay and Fullerton Cove. Children attending school at Wallsend 

mainly lived at either Wallsend, Elermore Vale, Maryland, New Lambton Heights or Rankin 

Park. One child lived out of the immediate area at Blackhill. Children attending public schools 

at Mayfield lived at either Mayfield, Mayfield East or Mayfield West. None of the children  
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attending Mayfield Christian School (code 34) lived at Mayfield. They travelled from 

Abermain, Medowie, Merewether, Metford, Raymond Terrace, Sandgate, South Wallsend, 

Tanilba Bay, Wallsend, Warabrook, West Wallsend or Wickham. Children attending school at 

Beresfield mainly lived at Beresfield or Woodberry. The remainder lived in the neighbouring 

suburbs of Ashtonfield, Millers Forest, Taro, Tenambit and Thornton. Children attending school 

at North Lake Macquarie lived at Argenton, Speers Point, Warners Bay, Lakelands, Boolaroo, 

and Booragul. Others lived further afield at Belmont, Cardiff, Edgeworth, Glendale, Teralba or 

Woodrising. Results are presented in Figure A2.2. 

 

Figure A2.2.   Distance from child’s home to school, by school attended 
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_____________________________________ 
School IDs are shown in figure. Refer to Table A1.1. for corresponding names of schools 
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Appendix B. 

Questionnaire booklet used in Phase II of HISAAP 
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Appendix C 

Questionnaire booklet used in Phase I of HISAAP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 C-2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 C-3 



 C-4 



 C-5 



 C-6 



 C-7 



 C-8 



 C-9 



 C-10 



 C-11



 

 

 



 D-1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D. 

Description of air quality and meteorological data collected in phase II of 

HISAAP 
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Introduction 
In this Appendix a complete description is provided of all exposure data received. The results 

are presented by study area: Stockton (Section D.1), Wallsend (Section D.2), Mayfield (Section 

D.3), Beresfield (Section D.4) and North Lake Macquarie (Section D.5). Refer to Appendix A1 

for the map of each area showing the position of the air monitoring stations relative to the 

schools and any industry. A summary of the main results is provided in Chapter 6. 

 

D.1   Stockton 
D.1.1   Particulates 

Several measures of particulates were collected (Table D.1). All measurements were made using 

a high volume sampler (HVS), which is a filter-based method. Data on total suspended 

particulates (TSP) were collected daily by Newcastle City Council (NCC) at Douglas Street, 

Stockton; and every six days (6-daily TSP) at Roxburgh Street, Stockton. Incitec, the local 

industrial plant, as part of its routine air quality monitoring program, also recorded six-daily 

TSP at Roxburgh Street. For the main analysis, estimates of particulate matter less than 10μm in 

size (PM10) were reported. These were derived by multiplying the daily TSP data at Douglas 

Street by 45% (this percentage was based on estimates found for nearby Mayfield). A 

description and comparison of these data is now given. 

 

Table D.1.   Particulate measurements at Stockton during the study period 

Source Measurement (method) Location 

Newcastle City Council Daily TSP (HVS) Douglas Street, Stockton 

Newcastle City Council 6-daily TSP (HVS) Roxburgh Street, Stockton 

Incitec 6-daily TSP (HVS) Roxburgh Street, Stockton 

 

The daily TSP levels recorded by NCC at Douglas Street ranged from 4 to 204 μg/m3 (mean 

69). The 6-daily TSP levels recorded by NCC at Roxburgh Street ranged from 19 to 313 μg/m3 

(mean 114). The 24-hour goal for TSP of 260 μg/m3 was exceeded once at Roxburgh Street, and 

this occurred on 29/8/94. The 6-daily TSP levels recorded by NCC at Roxburgh Street were 

much higher than the daily TSP recorded by NCC at Douglas Street (Figure D.1). For the 37 

days in common, values at Roxburgh Street were on average 44 μg/m3 higher (range 39 lower to 

271 higher) than at Douglas Street. The correlation between the two measures was only 0.37. 
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Figure D.1.   Plot of total suspended particulates at two sites at Stockton during the study period 
[Daily TSP was recorded by Newcastle City Council at Douglas Street; 6-daily TSP was 
recorded by Newcastle City Council at Roxburgh St] 
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The 6-daily TSP recorded by Incitec at Roxburgh Street matched exactly those recorded by 

NCC at Roxburgh Street on 39 out of 40 occasions. They differed by 100 μg/m3 on 24/6/1994. 

The 6-daily TSP recorded by NCC at Douglas Street matched exactly with the daily TSP 

recorded by NCC at Douglas Street on 35 out of 37 occasions. They differed by only 1μg/m3 on 

these two occasions. 

 

 

D.1.2   Other pollutants 

All measurements of other pollutants were recorded by Incitec at Roxburgh Street. The 

maximum hourly sulphur dioxide (SO2) levels ranged from 0.00 to 5.80 pphm (mean 1.80), well 

below the WHO goal of 12.5 pphm. The mean daily SO2 levels ranged from 0.00 to 2.90 pphm 

(mean 0.97). The maximum hourly nitrogen dioxide (NO2) levels ranged from 0.00 to 5.90 

pphm (mean 2.80), well below the goal of 16 pphm. The mean daily NO2 levels ranged from 

0.00 to 3.62 pphm (mean 1.54). 

 

D.1.3   Pollen 

The pollen tape was changed on a fortnightly basis during the study period; it was changed a 

total of 34 times. The time of changing varied between 11am and 5pm (Figure D.2). 
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Figure D.2.   Time pollen tape was changed during the study period at Stockton 
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D.1.4   Meteorology 

No temperature or rainfall data were provided. 

 

D.2   Wallsend 
D.2.1   Particulates 

Several measures of particulates were collected (Table D.2). Data on PM10 were collected by 

the Environmental Protection Authority (EPA) using a Tapered Element Oscillating 

Microbalance (TEOM). They also collected PM2.5 data using nephelometry, and 6-daily PM10 

using a high volume sampler to which a size-selective inlet (SSI) was attached. Six-daily TSP 

was recorded by Newcastle City Council. Australian Nuclear Science and Technology 

Organisation (ANSTO) provided PM2.5 data using a size-selective inlet. The main analysis 

used the 24-hourly average PM10 data obtained from the EPA using TEOM. A description and 

comparison of these data is now given. 

 

Table D.2.   Particulate measurements at Wallsend during the study period 

Source Measurement (method) Location 

Environmental Protection Authority PM10 (TEOM) Francis Street, Wallsend 

Environmental Protection Authority PM2.5 (nephelometry) Francis Street, Wallsend 

Environmental Protection Authority 6-daily PM10 (SSI) Francis Street, Wallsend 

Newcastle City Council 6-daily TSP (HVS) Francis Street, Wallsend 

Australian Nuclear Science and 

Technology Organisation (ANSTO) 

PM2.5 (SSI) Francis Street, Wallsend 
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The 6-daily TSP recorded by NCC ranged from 15 to 162 μg/m3 (mean 54), well below the 24-

hour goal for TSP of 260 μg/m3. The daily average PM10 values recorded using TEOM ranged 

from 3 to 250 μg/m3 (mean 22). Apart from the outlier of 250 μg/m3 (which was subsequently 

removed), all values were less than the 24-hour goal set for PM10. The 6-daily PM10 data 

recorded by the EPA ranged from 9 to 73 μg/m3 (mean 22). 

 

The 6-daily TSP data obtained from NCC were compared with 6-daily PM10 data obtained 

from EPA. The comparison was based on 38 days and PM10 was estimated to be 36% of TSP 

(95% CI: 31 to 42) with R2 equal to 82%. The 6-daily TSP data obtained from NCC were 

compared with daily average TEOM data obtained from the EPA. The comparison was based on 

38 days and PM10 was estimated to be 35% of TSP (95% CI: 30 to 39) with R2 equal to 86% 

(Figure D.3). 

 
Figure D.3.   Average PM10 (measured using TEOM) versus 6-daily TSP at Wallsend during 
the study period 
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The 6-daily PM10 data obtained from EPA using a size-selective inlet (SSI) were compared 

with average daily PM10 from EPA using TEOM. Both measurements were made on 39 days, 

with a resulting intra-cluster correlation (ICC) of 0.92. The difference (TEOM-SSI) between the 

measures ranged from –16 to 8 μg/m3, with mean –1 (Figure D.4). 
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Figure D.4.   Bland-Altman plot of PM10 measured using TEOM and SSI at Wallsend during 
the study period 
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The daily PM2.5 obtained from ANSTO ranged from 2 to 49 μg/m3 (mean 12). If the flow rate 

through the unit was not between 20 and 24 L/min the measurement was deemed unreliable. At 

Wallsend, this occurred on 46% of days (95 out of 206) during the study period. After exclusion 

of the data on these dates, PM2.5 ranged from 2 to 23 μg/m3 (mean 9). The average daily PM2.5 

recorded by EPA using nephelometry ranged from 0.00 to 1.73 bcat (mean 0.24). 

 

The PM2.5 data obtained from ANSTO were compared with daily-average PM10 obtained from 

the EPA using TEOM. The comparison was based on 199 days and PM2.5 was estimated to be 

25% of PM10 (95% CI: 21 to 30) with R2 equal to 44%. The corresponding correlation 

coefficient was 0.28. 

 
The hourly level of PM10 recorded using TEOM varied across the day with peaks at 8am and 

between 5pm and 8pm. The level of PM2.5 using nephelometry peaked at 8am and 8pm (Figure 

D.5).  
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Figure D.5.   Level of PM10 (using TEOM) and PM2.5 (using nephelometry), by time of day at 
Wallsend during 1995 
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D.2.2   Other pollutants 

The maximum hourly SO2 levels ranged from 0.00 to 7.34 pphm (mean 1.48). The level of SO2 

peaked mid-morning (Figure D.6). The mean hourly SO2 levels ranged from 0.00 to 1.85 pphm 

(mean 0.34).  

 

Figure D.6.   Level of sulphur dioxide, by time of day at Wallsend during 1995 
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The levels of other pollutants are shown in Table D.3. 

 

Table D.3.   Measurements of other pollutants at Wallsend during the study period 
 N Mean  Minimum - Maximum 
Sulphur dioxide (pphm)     
   Maximum hourly 227 1.48  0.00-7.34 
   Mean hourly 227 0.34  0.00-1.85 
Nitrogen dioxide (pphm)     
   Maximum hourly 232 2.34  0.15-11.20 
   Mean hourly 232 1.05  0.03-2.99 
Ozone (pphm)     
   Maximum hourly 245 2.20  0.60-4.86 
   Mean hourly 245 0.90  0.06-2.33 
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D.2.3   Pollen 

The pollen tape was changed fortnightly during the study period; it was changed a total of 30 

times. The time of changing varied between 11am and 5pm (Figure D.7). 

 

Figure D.7.   Time pollen tape was changed during the study period at Wallsend 
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D.2.4   Meteorology 

Both the EPA and ANSTO recorded temperature at Wallsend for the duration of the study 

period. The maximum temperature recorded at ANSTO was on average 9oC higher (range 1oC 

lower to 23 oC higher) that that recorded by the EPA. The minimum daily temperature was only 

provided by ANSTO. The maximum hourly humidity ranged from 46 to 100 % (mean 96). The 

mean hourly humidity ranged from 35 to 99 % (mean 80). 

 
 

D.3   Mayfield 
D.3.1   Particulates 

Several measures of particulates were collected (Table D.4). Data on TSP were collected daily 

by BHP at Crebert Street. The Newcastle City Council collected 6-daily TSP data at Crebert 

Street, Tourle Street, and Allowah Street. As part of its air quality monitoring program BHP 

also collected a second daily TSP measurement, daily PM10, and daily PM2.5 data for a period 

of just over 2 months. ANSTO also provided PM2.5 data using size-selective inlet (SSI). The 

mobile EPA station collected PM2.5 using nephelometry for 69 days. For the main analysis 

daily TSP from Crebert Street was multiplied by 45% as an estimate of PM10 (based on results 

from a sub-analysis of 68 days, see later in this section). A comparison of these data is now 

given. 
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Table D.4.   Particulate measurements at Mayfield during the study period 

Source Measurement (method) Location 

BHP Daily TSP (HVS) Crebert Street, Mayfield 

Newcastle City Council 6-daily TSP (HVS) Crebert Street, Mayfield 

Newcastle City Council 6-daily TSP (HVS) Tourle Street, Mayfield 

Newcastle City Council 6-daily TSP (HVS) Allowah Street, Waratah 

BHP quality programme Daily TSP (HVS) Crebert Street, Mayfield 

BHP quality programme Daily PM10 (SSI) Crebert Street, Mayfield 

BHP quality programme Daily PM2.5 (SSI) Crebert Street, Mayfield 

ANSTO Daily PM2.5 (SSI) Crebert Street, Mayfield 

Environmental Protection Authority PM2.5 (nephelometry) Crebert Street, Mayfield 

 

The daily TSP levels recorded by BHP at Crebert Street ranged from 13 to 319 μg/m3 (mean 

84). The 24-hour goal for TSP was 260 μg/m3, this was exceeded three times at Crebert Street 

during October 1994.  

 

The 6-daily TSP levels recorded by NCC at Crebert Street were higher than that recorded at 

Tourle Street and Allowah Street (Figure D.8). There was a high correlation between Crebert 

Street and Tourle Street values (r=0.76) with them being on average 33μg/m3 higher (range 27 

lower to 214 higher), but poorer between Crebert Street and Allowah Street (r=0.54) with them 

about 47μg/m3 higher (range 2 higher to 217 higher). 

 

Figure D.8.   Plot of 6 daily total suspended particulates (TSP) at three sites at Mayfield during 
the study period 
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The daily TSP at Crebert Street and the quality control data agreed on all 68 occasions. The 

daily PM10 ranged from 11 to 96 μg/m3 (mean 38) during the BHP quality control programme. 

Daily TSP obtained from BHP at Crebert Street was compared with daily PM10 data obtained 

from BHP at Crebert Street. The comparison was based on 68 days and PM10 was estimated to 

be 44% of TSP (95% CI: 41 to 47) with R2 equal to 91% (Figure D.9).  

 

Figure D.9.   Daily PM10 (measured using SSI) versus TSP at Mayfield during the study period 
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The daily PM2.5 from ANSTO ranged from 1 to 39 μg/m3 (mean 14) across the study period. If 

the flow rate through the unit was not between 20 and 24 L/min the measurement was 

potentially unreliable, accounting for 28/209 (13%) of the study days. After exclusion of these 

dates the revised range was 1 to 36 μg/m3 (mean 13). There was good agreement between 

ANSTO and BHP in the measurement of PM2.5, with all disagreements less than 0.5 μg/m3. 

The EPA recorded daily mean PM2.5 range 0.02 to 1.09 bscat (mean 0.32) at its mobile unit 

during the study period. 

 

 

D.3.2   Other pollutants 

Sulphur dioxide and nitrogen dioxide levels were recorded by BHP for the duration of the study 

period. For a period of 69 days they were also measured by the EPA at their mobile unit. A 

description and comparison of these data is now given.  

 

The maximum daily SO2 levels recorded by BHP at Crebert Street ranged from 0.00 to 9.00 

pphm (mean 1.18). The SO2 levels recorded at BHP were on average 0.71 pphm higher (range 
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1.02 lower to 2.83 higher) than that recorded by the EPA (Figure D.10). The correlation of 

maximum hourly SO2 between BHP and the EPA was rather poor with correlation coefficient of 

0.54. The mean hourly SO2 ranged from 0.00 to 1.97 (mean 0.37). 

 

Figure D.10.   Plot of maximum sulphur dioxide at BHP and EPA mobile at Mayfield during 
the study period 
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The maximum daily NO2 levels recorded by BHP at Crebert Street ranged from 0.80 to 5.10 

pphm (mean 2.61). The NO2 levels recorded at BHP were on average 0.71 pphm higher (range 

1.02 lower to 2.83 higher) than that recorded by the EPA. The correlation of maximum hourly 

NO2 between BHP and the EPA was rather poor with correlation coefficient 0.41. The mean 

hourly NO2 levels ranged from 0.18 to 2.77 (mean 1.48). 

 
 
D.3.3   Pollen 

The pollen tape was changed a total of 34 times during the study period. The time of changing 

varied between 11am and 5pm (Figure D.11). 
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Figure D.11.   Time pollen tape was changed during the study period at Mayfield 
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D.3.4   Meteorology 

The daily mean temperature recorded by BHP at Crebert Street ranged from 11oC (23/7/94) to 

24oC (26/10/94). The maximum temperature ranged from 14oC to 36oC. The EPA mobile also 

measured temperature for 73 days, and ANSTO measured temperature for the duration of the 

study period. The EPA recorded maximum temperature on average 2 oC lower than BHP (range 

0oC to 13oC lower) and 9oC lower than ANSTO (range 5oC lower to 18oC lower). Rainfall was 

only recorded by BHP. The total rainfall over the study period was 481mm. There were 

substantial falls (>30mm) on 28 February 1994, 24 March 1994, 13 April 1994, and 3 May 

1994.  

 

D.4   Beresfield 
D.4.1   Particulates 

Particulate data were collected by the EPA (Table D.5). This included PM10 using a TEOM and 

6-daily PM10 using a size-selective inlet. The TEOM was used in the main analysis. A 

description and comparison of the two measures is now provided. 

 

Table D.5.   Particulate measurements at Beresfield during the study period 

Source Measurement Location 

Environmental Protection Authority PM10 (TEOM) Lawson Avenue, Woodberry 

Environmental Protection Authority 6-daily PM10 (SSI) Lawson Avenue, Woodberry 
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Daily average PM10 measured using a TEOM ranged from 2 to 82 μg/m3 (mean 25). Six-daily 

PM10 measured using filters ranged from 8 to 88 μg/m3 (mean 28). Both measures were 

available on 31 days. The difference between the measures (TEOM-SSI) ranged from –34 to 

+20 μg/m3, with mean zero, with a resulting ICC of 0.85 (Figure D.12). 

 

Figure D.12.   Bland-Altman plot of PM10 measured using TEOM and SSI at Beresfield during 

the study period 
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The level of PM10 (TEOM) showed little variation in levels across the day. The levels of 

PM2.5 (nepheometry) dropped early to mid-afternoon (Figure D.13). 

 

Figure D.13.   Level of PM10 (using TEOM) and PM2.5 (using nephelometry), by time of day 
at Beresfield during 1995 
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D.4.2   Other pollutants 

Sulphur dioxide was only recorded from 5 January 1995 at Beresfield, resulting in only 90 days 

of observation. The correlation between mean daily SO2 and maximum daily SO2 was 0.88. The 

level of SO2 appeared to peak mid-morning (Figure D.14). 
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Figure D.14.   Level of sulphur dioxide, by time of day at Beresfield during 1995 
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The distribution of the other pollutants is provided in Table D.6. 
 
Table D.6.   Measurements of other pollutants at Beresfield during the study period 
 N Mean Minimum - Maximum 
Sulphur dioxide (pphm)    
   Maximum hourly 90 0.43 0.00-1.80 
   Mean hourly 90 0.16 0.00-0.87 
Nitrogen dioxide (pphm)    
   Maximum hourly 183 1.91 0.00-4.10 
   Mean hourly 183 0.91 0.00-2.27 
Ozone (pphm)    
   Maximum hourly 217 2.36 2.33-6.53 
   Mean hourly 217 1.19 0.03-3.50 
 
 

D.4.3   Pollen 

The pollen tape was changed a total of 27 times during the study. It was usually changed early 

to mid afternoon (Figure D.15).  

 

Figure D.15.   Time pollen tape was changed during the study period at Beresfield 
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D.4.4   Meteorology 

The daily mean temperature recorded by the EPA ranged from 11oC to 30oC (mean 19oC) 

during the study period. Average humidity was highest in December to March 1995. No rainfall 

data were recorded by the EPA (Table D.7). 

 

Table D.7.   Measurements of meteorology at Beresfield during the study period 
 N Mean Minimum - Maximum 
Temperature (oC)    
   Maximum hourly 237 25 15-40 
   Mean hourly 237 19 11-30 
Humidity (%)    
   Maximum hourly 237 97 56-100 
   Mean hourly 237 81 35-100 
 

 

D.5   North Lake Macquarie 
 

D.5.1   Particulates 

Several measurements of particulates were collected (Table D.8). Sources were Pasminco 

Metals Sulphide (PMS) and Lake Macquarie City Council (LMCC). Daily and 6-daily TSP 

measurements were conducted from 22/8/94 to 19/3/95 (stopped 3 weeks early) by PMS at two 

sites, Sixth Street and Victoria Street. At an additional three sites 6-daily TSP were collected 

(First St, Lake View St and Fourth Street). Lake Macquarie City Council also recorded daily 

TSP and daily PM10 at Main Road for an 8-week period from 10/2/95 to 9/4/95. For the main 

analysis, daily TSP from Sixth Street was multiplied by 60% as an estimate of PM10 (based on 

results from a sub-analysis of 33 days, see later this section). A description and comparison of 

the various measures is now given. 
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Table D.8.   Particulate measurements at North Lake Macquarie 

Source Measurement Location 

Pasminco Metals Sulphide Daily TSP (HVS) Sixth Street, Boolaroo 

Pasminco Metals Sulphide Daily TSP (HVS) Victoria Street, Argenton 

Pasminco Metals Sulphide 6-Daily TSP (HVS) Sixth Street, Boolaroo 

Pasminco Metals Sulphide 6-daily TSP (HVS) Victoria Street, Argenton 

Pasminco Metals Sulphide 6-Daily TSP (HVS) First Street, Boolaroo 

Pasminco Metals Sulphide 6-daily TSP (HVS) Lake View Street, Boolaroo 

Pasminco Metals Sulphide 6-daily TSP (HVS) Fourth Street, Boolaroo 

Lake Macquarie City Council Daily TSP (HVS) Main Road, Speers Point 

Lake Macquarie City Council Daily PM10 (SSI) Main Road, Speers Point 

 

 

Daily TSP at Sixth Street ranged from 2 μg/m3 to 123 μg/m3 (mean 42), well below the 

guideline of 260 μg/m3. Daily TSP at Victoria Street ranged from 9 to 135 μg/m3 (mean 47). 

Daily TSP at Main Road for the eight weeks ranged from 19 to 100 μg/m3 (mean 53). Sixth 

Street measurements were on average 8 μg/m3 lower (range 97 μg/m3 lower to 35 μg/m3 higher) 

than those at Victoria Street. Sixth Street measurements were on average 16 μg/m3 lower (range 

56 μg/m3 lower to 18 μg/m3 higher) than those at Main Road, for the 23 days in common. The 

levels of daily TSP recorded at Sixth Street tended to be lower than that recorded by PMS at 

Victoria Street and LMCC at Main Road (Figure D.16). The spearman correlation between 

Sixth Street and Victoria Street was 0.57, and 0.69 for between Sixth Street and Main Road. 

The correlation between Victoria Street and Main Road was only 0.15. 
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Figure D.16.   Plot of daily total suspended particulates (TSP) at three sites at North Lake 

Macquarie during the study period 

0

20

40

60

80

100

120

140

160

22Aug94 19Sep94 17Oct94 14Nov94 12Dec94 09Jan95 06Feb95 06Mar95 03Apr95

Date

T
SP

 ( μ
g/

m
3 )

Sixth Street
Main Road
Victoria Street

 
Daily TSP obtained from LMCC at Main Road were compared with daily PM10 data also 

obtained from LMCC at Main Road. On seven days (2/3/95 to 8/3/95) the PM10 value recorded 

was larger than the TSP value. Both values were subsequently set to missing on these dates. The 

comparison was based on 33 days and PM10 was estimated to be 57% of TSP (95% CI: 53 to 

61) with an R2 equal to 96% (Figure D.17).  

 

Figure D.17.   Daily PM10 (measured using SSI) versus TSP at North Lake Macquarie during 
the study period 
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The daily and six-daily TSP measurements at Sixth Street agreed on 31 out of 35 occasions. All 

disagreements were less than 5 μg/m3 except on 15/11/94 where the discrepancy was 9 μg/m3. 
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The daily and six-daily TSP measurements at Victoria Street agreed on 30 out of 35 occasions. 

All disagreements were less than 5  μg/m3 except on 29/8/94 where the discrepancy was 87 

μg/m3. The daily and six-daily TSP measurements agreed on all 6 occasions at Main Road. 

 

The 6-daily TSP measurements at Sixth Street correlated well with Victoria Street (0.79) and 

Fourth Street (0.76) for the 39 days in common (Figure D.18). There were only six 6-daily TSP 

measures available at First Street and Lake View Street. The respective correlations with Sixth 

Street were 0.26 and 0.78. The correlation between Victoria Street and Main Road was only –

0.17. 

 

Figure D.18.   Plot of 6-daily total suspended particulates (TSP) at five sites at North Lake 
Macquarie during the study period 
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D.5.2   Other pollutants 

Sulphur dioxide was monitored at three sites at North Lake Macquarie. Pasminco Metals 

Sulphide operated all sites. Sulphur dioxide was measured at Victoria Street for 49 days during 

the study period (22/8/94 to 30/9/94, 1/4/95 to 9/4/95) and at First Street in August 1994. Sixth 

Street data was used in the main analysis. A description and comparison of the three measures is 

now given. 

 

At Sixth Street, daily hourly mean concentrations ranged from 0.00 to 1.86 pphm (mean 0.26). 

Sulphur dioxide levels at Sixth Street were on average 0.16 higher (range 2.18 lower to 1.79 

higher) than that at Victoria Street for the 49 days in common. The correlation between Sixth 

Street and Victoria Street measures was rather poor at 0.43. The correlation between mean and 

maximum daily SO2 at Sixth Street was 0.98. 
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The maximum hourly SO2 levels at Sixth Street ranged from 0.00 to 15.91 pphm (mean 1.89). 

They exceeded the WHO goal of 12.5 pphm on 4 occasions. The maximum hourly SO2 levels at 

Victoria Street ranged from 0.00 to 12.23 pphm (mean 1.63). Again, the readings were higher at 

Sixth Street for the 49 days in common (Figure D.19). They were on average 1.15 pphm higher 

(range 11.73 lower to 12.55 higher). The correlation between the two measures was 0.40. 

 

Figure D.19.   Plot of maximum hourly sulphur dioxide at two sites at North Lake Macquarie 
during the study period 
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D.5.3   Pollen 

The pollen tape was changed 27 times during the study period. The time of changing was 

usually mid to late afternoon (Figure D.20). 

 

Figure D.20.   Time pollen tape was changed during the study period at North Lake Macquarie 
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Following completion of pollen monitoring at North Lake Macquarie, results were re-examined 

in an effort to determine the reproducibility of the method used to quantify pollen numbers. Six 

weeks were selected, from 25 October to 5 December 1994, identified as having a reasonable 

level of pollen. All 42 slides in this 6-week period were rescanned and the same technician 

recounted the pollens and fungi as part of the “sequential repeat”. Three alternate weeks were 

also chosen randomly from within this 6-week period in the “random repeat” and a technician at 

a collaborating site examined these slides and counted the pollen and fungi. 

 

There was good agreement in the total pollen counts with an intra cluster correlation coefficient 

(ICC) of 0.96 for the sequential repeat and 0.96 for the random repeat. Agreement was poorer 

for grass pollen with the original counts much higher, and an ICC of 0.73 at the sequential 

repeat and 0.45 for the random repeat (Figure D.21). Agreement was good for weed and tree 

pollen. Agreement was also good for Alternaria with an ICC of 0.97 for the sequential repeat 

and 0.86 for the random repeat. 

 

Figure D.21.   Bland-Altman plot of grass pollen measured originally and the three-week 
random repeat at North Lake Macquarie 
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Correlations between counts were all greater than 0.70 (Table D.9). 
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Table D.9.   Repeatability of pollen measurements (grains/m3) and fungi measurements 
(spores/m3) at North Lake Macquarie at 6 weeks (sequential repeat) and 3 weeks (random 
repeat) 
 

 Description  Correlation 
 N Mean Min - Max  Original Sequential 

repeat 
Random 
repeat 

Total pollen        
   Original  42 45.2 1.9-137.1  1.00 0.94 0.92 
   Sequential repeat 42 45.7 2.9-126.4   1.00 0.91 
   Random repeat 21 51.3 19.4-113.8    1.00 
Grass pollen        
   Original 42 5.6 0.0-21.4  1.00 0.78 0.72 
   Sequential repeat 42 4.1 0.0-12.6   1.00 0.82 
   Random repeat 21 4.4 1.0-10.7    1.00 
Weed pollen        
   Original 42 7.5 0.0-43.8  1.00 0.77 0.74 
   Sequential repeat 42 6.5 0.0-31.1   1.00 0.89 
   Random repeat 21 5.5 0.0-27.2    1.00 
Tree pollen        
   Original 42 19.5 0.0-84.6  1.00 0.91 0.78 
   Sequential repeat 42 18.8 0.0-77.8   1.00 0.92 
   Random repeat 21 16.3 1.0-54.4    1.00 
Miscellaneous pollen        
   Original 42 12.5 0.0-40.8  1.00 0.89 0.84 
   Sequential repeat 42 16.4 0.0-56.4   1.00 0.77 
   Random repeat 21 25.0 7.8-61.3    1.00 
Alternaria        
   Original 42 20.5 0.0-162.4  1.00 0.95 0.83 
   Sequential repeat 42 19.2 0.0-138.1   1.00 0.92 
   Random repeat 21 20.6 3.9-108.9    1.00 
 
 

D.5.4   Meteorology 

At the PMS Sixth Street monitoring Station, total rainfall over the study period was 772 

millimetres. Substantial falls occurred between 1 March and 7 March 1995. Ten minute average 

gusts peaked at 129km/hr during thunderstorm activity on 2 November 1994. Average daily 

wind speeds ranged from 4.14km/h (27/2/95) to 27.01km/h (6/11/94). Average daily 

temperatures ranged from 13.2oC to 30.9oC. Minimum temperature ranged from 7.5oC to 24oC. 

Maximum temperature ranged from 16oC to 38.5oC during mid-summer. Mean monthly 

temperatures for December to March, were warmer than average. Daily temperature change 

ranged from 3oC (various days) to 17.5oC (22/9/94). The lowest recorded mean humidity was 

4.7% (14/9/94). 






