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Table 3-1 "Long Term Exposure" Volatile Organic Compound Guidelines 
VOC Guidelines (µg/m3) 

Acetone 32,000 (3)

Benzene 9.6 (1)

Bromomethane 5.2 (3)

1,3-Butadiene 2.1 (3)

2-Butanone (methyl ethyl ketone) 5,200 (3)

Carbon disulfide 730 (3)

Carbon tetrachloride 6.1 (2)(a)

Chloroform  140 (2)(b)

Chloromethane 18 (2)(c)

Cyclohexane 6,300 (3)

1,2-Dichloroethane (EDC) 2 (2)(d) 

cis-1,2-Dichloroethene 63 (3)(a)

Ethanol 100,000(5)

Ethylbenzene 22,000 (2)

4-Ethyl-toluene -
Freon 11 31,000 (3)(b)

Freon 12 31,000 (3)(b)

Heptane 26,600(3)(c)

Hexane 730 (3)

Methylene chloride 1,100 (3)

2-Propanol 7,000 (6)

Styrene 1,000 (3)

Tetrachloroethene (PCE) 200 (2)(e)

Tetrahydrofuran 313 (4)

Toluene 377 (1)

Trichloroethene (TCE) 2.3(2)

1,2,4-Trimethylbenzene 7.3 (3)

1,3,5-Trimethylbenzene 6.3 (3)

Vinyl chloride 1 (2) 

m,p-Xylene (1) 
o-Xylene (1) 

868 for total xylenes (1) 

Notes: 
(1) NEPM (2004) Air Toxics, Air Investigation Levels. Value presented is for annual average which is noted to be the mean of 24 hour monitoring results 

and has been derived to be protective of chronic effects. Criteria presented for xylenes relevant to total xylenes. 
(2) WHO air guideline values relevant to long-term exposures with averaging time of 1 year. Derived from WHO guidelines (2000a and 2000b), with the 

exception of those noted in the table as below: 
a. Tolerable concentration in air for carbon tetrachloride presented in EHC 208 (WHO 1999); 
b. Tolerable concentration in air for chloroform presented in CICAD 58 (WHO 2004); 
c. Tolerable concentration in air for methyl chloride (chloromethane) presented in CICAD 28 (WHO 2001); 
d. Air guideline value established by WHO for EDC presented in CICAD 1 (1998).  A range of values were derived based on different 

margins of safety and different target risk levels.  The value of 2 ug/m3 represents the upper value derived based on an incremental 
target risk of 1 in 1,000,000.  The value is similar to the lower end of the range (3.6 ug/m3) estimated for a target risk of 1 in 100,000; 

e. Tolerable concentration in air for PCE presented in CICAD 68 (2006). 
(3) US EPA Region 9 Preliminary Remediation Goals (2008) for air. These are annual average concentrations derived to be protective of long-term or 

chronic effects. 
a. No value has been derived for cis-1,2-dichloroethene, hence the PRG for trans-1,2-dichloroethene has been adopted as a representative 

surrogate; 
b. No data available for Freon 11 or Freon 12, however the PRG for Freon 113 has been assumed as a surrogate for these chemicals; 
c. Guideline value for heptane based on PRG for hexane with consideration of  a 38 fold relative toxicity reported in TPHCWG (1999) 

review. 
(4) Guideline for tetrahydrofuran based on threshold effects derived in the Region 9 Preliminary Remediation Goals for air as, based on existing data, 

the chemical is of questionable carcinogenicity (not a human carcinogen, but some studies show carcinogenicity in rats and mice) and shows no 
potential for genotoxicity (US Food and Drug Administration 2000). Value adopted is consistent with the review and derivation of a tolerable 
concentration in air of 350  µg/m3 presented by RIVM (2001)  

(5) No data is available from listed guidelines for ethanol.  A chronic reference concentration has been derived by OEHHA (draft 2001) for ethanol 
based on irritation effects.  The reference concentration has been adopted in this assessment. 

(6) Value for 2-propanol (isopropanol) available from OEHHA chronic reference exposure level and Ontario Air Standard (2005). 
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3.1.2 Workplace Exposure 
Sampled ambient air concentrations, were also compared against relevant occupational exposure standards for 
airborne contaminants from Worksafe Australia (with the NSW authority, WorkCover, responsible for the 
application of national guidelines in the area), the Australian Safety and Compensation Council (ASCC) 
(Occupational Exposure Standards for Airborne Contaminants (ASCC, available on-line from the ASCC web-
site, www.ascc.gov.au)). These standards represent airborne concentrations of individual chemical substances, 
which, based on current knowledge, "should neither impair the health of, nor cause undue discomfort to, nearly 
all workers" (ibid). The exposure standards are expressed as time weighted average (TWA) values, based on 
exposure to an airborne substance over an eight-hour working day, for a five-day working week, over an entire 
working life. It is noted that for VOCs classified as carcinogens within carcinogenic categories 1 and 2 (noted in 
the following table) should include consideration of relevant ambient air guidelines that are based on the 
protection of carcinogenic effects as presented in Table 3-1.  Table 3-2 presents the occupational inhalation 
exposure standards (converted from mg/m3 to µg/m3 for the purposes of comparison) adopted in this 
assessment. 

Table 3-2 Workplace Exposure - Volatile Organic Compound Criteria 

VOC Workplace Exposure TWA Criteria – 8 hour average (µg/m3) 

Acetone 1,185,000 
BenzeneC1 3,200 
Bromomethane  19,000 
1,3-Butadiene C1 22,000 
2-Butanone (methyl ethyl ketone) 445,000 
Carbon disulfide 31,000 
Carbon tetrachloride 630 
Chloroform 10,000 
Chloromethane 103,000 
Cyclohexane 350,000 
1,2-Dichloroethane (EDC)C2 40,000 
cis 1,2-Dichloroethene 793,000 
Ethanol 1,880,000 
Ethylbenzene 434,000 
4-Ethyl-toluene -
Freon 11 5,620,000 
Freon 12 4,950,000 
Heptane 1,640,000 
Hexane 72,000 
Methylene chloride 174,000 
2-Propanol 983,000 
Styrene 213,000 
Tetrachloroethene (PCE)  340,000 
Tetrahydrofuran 295,000 
Toluene 191,000 
Trichloroethene (TCE) C2 54,000 
1,2,4-Trimethylbenzene 123,000 
1,3,5-Trimethylbenzene 123,000 
Vinyl chloride C1 13,000 
m,p-Xylene (1) 350,000 
o-Xylene (1) 350,000 
Notes: 

(1) = Criteria shows concentration for total xylenes 
C1 or C2 – Classified by ASCC as carcinogen category 1 or 2.  These chemicals also require consideration of ambient air guideline based on carcinogenic 
effects, as presented in Table 3-1. 

4 Summary of Results 
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4.1 General 
A summary of the air sampling program undertaken for Stage 3 of the community air monitoring program, which 
incorporates VOC sampling (Rounds 4, 5 and 6) is presented in Table 4-1. The following sections present the 
results of analysis for VOCs for the Stage 3 sampling rounds for the locations sampled (refer to Figure 1-1). 

Table 4-1 Summary of Stage 3 VOC Sampling Data 

Stage 3 
Location 

URS 
Sample 
Number 

Method 
Round 4  

Start Date 
Round 5 

Start Date 
Round 6 

Start Date 
Results 

Pagewood Public 
School AS53 Summa 

Canisters 
26 April     

2007 
20 November 

2007 
12 June       

2008 Table 4-2 

Banksmeadow 
Public School AS54 Summa 

Canisters 
26 April     

2007 
20 November 

2007 
12 June       

2008 Table 4-3 

Discovery Cove 
Business Park AS55 Summa 

Canisters 
26 April     

2007 
20 November 

2007 
12 June      

2008 Table 4-4 

Matraville Public 
School AS56 Summa 

Canisters 
26 April     

2007 
20 November 

2007 
12 June      

2008 Table 4-5 

 

4.2 VOC Analysis 
The VOC samples were analysed for a range of 60 compounds, however, the majority of analytes were found to 
be below the analytical limit of reporting (LOR).  The results presented below, in Table 4-2 to 4-5, provide a 
summary of the analytes and concentrations detected in VOC sampling Rounds 4, 5, and 6.  For comparative 
purposes, VOC data collected during previous sampling rounds (Rounds 1, 2 and 3) are also included in Tables 
4-2 to 4-5. A summary table showing the range in detected analytes for all rounds, compared against the 
adopted ambient air criteria (refer to Section 3) is presented in Table 4-6. 

Appendices A, B and C present the laboratory analyses of the Summa Canisters for the Stage 3 (Rounds 4, 5, 
and 6 respectively) of VOC sampling. A summary of the data is provided in the following sections.  

It should be noted the process of analysis generally means that each sample has a different limit of reporting 
(LOR)3. Due to the sensitivity of the measurement instruments used for VOC analysis, samples with high 
concentrations of certain analytes have the potential to cause problems with the equipment such that the 
concentrations are too high (above the equipment limits) to provide an accurate result. If this occurs, the 
samples are diluted to ensure that the measuring instrument can detect and accurately report the result without 
going “off the scale”. The act of dilution increases the LOR for all the analytes, meaning that samples, having a 
similar sampling duration, may have different LOR due to the presence of just some compounds at high 
concentrations. This has resulted in some of the LORs for this monitoring round to differ in values from the 
previous monitoring round. 

The absence of detected chemicals, as noted by “nd” (for not detected) in Table 4-2 to 4-5, does not indicate 
the chemicals are not present; rather they cannot be detected by the laboratory based on the following factors:  

                                                      
3 The Limit of Reporting refers to the lowest concentration which the measuring instrument can accurately detect the 
analytes. 
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1) Detection limit of the measuring instrument; 

2) Concentrations in the air; and  

3) The dilution of the sample. 

Table 4-6 presents an overall summary of the range of concentrations reported during the Stage 3 sampling at 
all locations with reference to the adopted long term air criteria and 8 hour TWA criteria. 
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4.2.1 Pagewood Public School (AS53) 
Table 4-2 provides a summary table for Pagewood Public School (AS53) for Stages 1, 2 and 3 of the program. 

Table 4-2 Summary of VOC Data - Pagewood Public School 

VOC 

Round 1 
September 

2005      
(µg/m3) 

Round 2 
October 2005 

(µg/m3) 

Round 3 
September 

2006      
(µg/m3) 

Round 4   
April 2007 

(µg/m3) 

Round 5 
November  

2007 (µg/m3) 

Round 6  
June 2008 

(µg/m3) 

Range 
detected 
(µg/m3) 

Adopted Long 
Term 

Exposure 
Criteria (1) 

(µg/m3 ) 

Acetone 1500 2000 100 10 15 8.8 8.8 - 2000 32,000  

Benzene Nd Nd 1.7 0.92 Nd 3.4 Nd - 3.4 9.6  

Bromomethane Nd Nd Nd Nd Nd Nd Nd 5.2  

1,3,-Butadiene Nd Nd Nd Nd Nd 0.88 Nd - 0.88 2.1  

2-Butanone (MEK) Nd Nd 2.2 3.5 3.8 2.3 Nd - 3.8 5,200  

Carbon disulfide Nd Nd Nd Nd Nd Nd Nd 730  

Carbon tetrachloride Nd Nd Nd Nd Nd Nd Nd 6.1  

Chloroform Nd Nd Nd Nd Nd Nd Nd 140  

Chloromethane Nd Nd 2.1 1.2 1.1 2.2 Nd - 2.2 18 

Cyclohexane Nd Nd Nd Nd Nd 1.6 Nd - 1.6 6,300 

1,2-Dichloroethane (EDC) Nd Nd Nd Nd Nd Nd Nd 2  

cis-1,2-Dichloroethene Nd Nd Nd Nd Nd Nd Nd 63  

Ethanol Nd Nd 20 Nd 13 15 Nd - 20 100,000 

Ethylbenzene Nd Nd 1.7 0.74 1.1 2.1 Nd - 2.1 22,000 

4-Ethyl-toluene Nd Nd Nd Nd 1.7 2.4 Nd - 2.4 - 

Freon 11 Nd Nd 2 1.1 1.8 2.2 Nd - 2.2 31,000 
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VOC 

Round 1 
September 

2005      
(µg/m3) 

Round 2 
October 2005 

(µg/m3) 

Round 3 
September 

2006      
(µg/m3) 

Round 4   
April 2007 

(µg/m3) 

Round 5 
November  

2007 (µg/m3) 

Round 6  
June 2008 

(µg/m3) 

Range 
detected 
(µg/m3) 

Adopted Long 
Term 

Exposure 
Criteria (1) 

(µg/m3 ) 

Freon 12 Nd Nd 2.1 1.9 2.6 2.6 Nd - 2.6 31,000 

Heptane Nd Nd Nd Nd Nd 1.2 Nd - 1.2 26,600 

Hexane Nd Nd Nd Nd Nd 2 Nd - 2 730 

Methylene Chloride Nd Nd Nd Nd Nd 1.7 Nd - 1.7 1,100 

2-Propanol Nd Nd 3.5 Nd Nd 3.2 Nd - 3.5 7,000 

Styrene Nd Nd 0.82 Nd Nd Nd Nd - 0.82 1,000 

Tetrachloroethene (PCE) Nd Nd 0.93 Nd Nd 1.3 Nd - 1.3 200 

Tetrahydrofuran Nd Nd Nd Nd Nd Nd Nd 313 

Toluene 13 37 77 3.8 3.3 15 3.3 - 77 377 

Trichloroethene (TCE) Nd Nd Nd Nd Nd Nd Nd 2.3 

1,2,4-Trimethylbenzene  Nd Nd 5 1.2 2.2 2.6 Nd - 5 7.3 

1,3,5-Trimethylbenzene Nd Nd 1.7 Nd Nd 0.88 Nd - 1.7 6.3 

Vinyl chloride Nd Nd Nd Nd Nd Nd Nd 1 

m,p-Xylene 8.6 Nd 8.3 3.1 3.8 7.5 Nd - 8.6 

o-Xylene Nd Nd 2.1 1.0 1.4 2.7 Nd - 2.7 
868 

Bold cells indicate where a compound has been detected 
Nd = not detected 

(1) = Refer to Table 3-1 for source of criteria – these criteria are relevant for long-term exposure and should be compared against average values, however the range reported can be compared with these 
criteria to provide a general indication of potential issues. 
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4.2.2 Banksmeadow Public School (AS54) 
Table 4-3 provides a summary table for Banksmeadow Public School (AS54) for Stages 1, 2 and 3 of the program. 

Table 4-3 Summary of VOC Data - Banksmeadow Public School 

VOC 

Round 1 
September 

2005      
(µg/m3) 

Round 2 
October 2005 

(µg/m3) 

Round 3 
September 

2006      
(µg/m3) 

Round 4   
April 2007 

(µg/m3) 

Round 5 
November  

2007 (µg/m3) 

Round 6  
June 2008 

(µg/m3) 

Range 
detected 
(µg/m3) 

Adopted Long Term 
Exposure Criteria (1) 

(µg/m3 ) 

Acetone 4900 1900 1700 21 15 17 15 - 4900 32,000  

Benzene Nd Nd Nd 0.92 0.77 2.8 Nd - 2.8 9.6  

Bromomethane Nd Nd Nd 1.5 Nd 0.69 Nd - 1.5 5.2  

1,3,-Butadiene Nd Nd Nd Nd Nd 0.71 Nd - 0.71 2.1  

2-Butanone (MEK) Nd Nd Nd 4.7 2.6 4.7 Nd - 4.7 5,200  

Carbon disulfide Nd Nd Nd Nd Nd Nd Nd 730  

Carbon tetrachloride Nd Nd Nd Nd Nd Nd Nd 6.1  

Chloroform Nd Nd Nd Nd Nd Nd Nd 140  

Chloromethane Nd Nd Nd 1.4 1.4 2.1 Nd - 2.1 18 

Cyclohexane Nd Nd Nd Nd Nd 1.6 Nd - 1.6 6,300 

1,2-Dichloroethane (EDC) Nd Nd Nd Nd Nd Nd Nd 2  

cis-1,2-Dichloroethene Nd Nd Nd Nd Nd Nd Nd 63  

Ethanol Nd Nd Nd 4.8 Nd 20 Nd - 20 100,000 

Ethylbenzene Nd Nd Nd 0.7 1.1 2.3 Nd - 2.3 22,000 

4-Ethyl-toluene Nd Nd Nd Nd Nd 2.2 Nd - 2.2 - 

Freon 11 Nd Nd Nd 1.1 5.1 2.1 Nd - 5.1 31,000 
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VOC 

Round 1 
September 

2005      
(µg/m3) 

Round 2 
October 2005 

(µg/m3) 

Round 3 
September 

2006      
(µg/m3) 

Round 4   
April 2007 

(µg/m3) 

Round 5 
November  

2007 (µg/m3) 

Round 6  
June 2008 

(µg/m3) 

Range 
detected 
(µg/m3) 

Adopted Long Term 
Exposure Criteria (1) 

(µg/m3 ) 

Freon 12 Nd Nd Nd 2.2 2.4 2.6 Nd - 2.6 31,000 

Heptane Nd Nd Nd Nd 1.1 1.5 Nd - 1.5 26,600 

Hexane Nd Nd Nd Nd 0.68 1.8 Nd - 1.8 730 

Methylene Chloride Nd Nd Nd Nd Nd 2.1 Nd - 2.1 1,100 

2-Propanol Nd Nd Nd 3.4 Nd 7.8 Nd - 7.8 7,000 

Styrene Nd Nd Nd Nd Nd 0.82 Nd - 0.82 1,000 

Tetrachloroethene (PCE) Nd Nd Nd Nd Nd Nd Nd 200 

Tetrahydrofuran Nd Nd Nd Nd Nd Nd Nd 313 

Toluene Nd 23 130 4.6 6.7 18 Nd - 130 377 

Trichloroethene (TCE) Nd Nd Nd Nd Nd Nd Nd 2.3 

1,2,4-Trimethylbenzene  Nd Nd Nd 1.4 Nd 2.5 Nd - 2.5 7.3 

1,3,5-Trimethylbenzene Nd Nd Nd Nd Nd 0.82 Nd - 0.82 6.3 

Vinyl chloride Nd Nd Nd Nd Nd Nd Nd 1 

m,p-Xylene Nd Nd Nd 2.7 4.2 8.2 Nd - 8.2 868 

o-Xylene Nd Nd Nd 1 1.2 2.7 Nd - 2.7  
Bold cells indicate where a compound has been detected 

nd = not detected 
(1) = Refer to Table 3-1 for source of criteria – these criteria are relevant for long-term exposure and should be compared against average values, however the range reported can be compared with these criteria to 
provide a general indication of potential issues. 

 

 



 O R I C A  C O M M U N I T Y  A I R  M O N I T O R I N G  

Section 4 Summary of Results 
 

    

  
 

 24  

Prepared for Orica Australia Pty Ltd, 9 February 2009
J:\JOBS\43217288\Stage 3\Deliverables\43217288 Community Air Monitoring Report Stage 3 R002.doc

 

 

 

4.2.3 Discovery Cove Industrial Park (AS55) 
Table 4-4 provides a summary table for Discovery Cove Industrial Park (AS55) for Stages 1, 2 and 3 of the program. 

Table 4-4 Summary of VOC Data - Discovery Cove Industrial Park 

VOC 

Round 1 
September 

2005      
(µg/m3) 

Round 2 
October 2005 

(µg/m3) 

Round 3 
September 

2006      
(µg/m3) 

Round 4 April   
2007 

(µg/m3) 

Round 5 
November  

2007 (µg/m3) 

Round 6  
June      2008 

(µg/m3) 

Range 
detected 
(µg/m3) 

Adopted Long Term 
Exposure Criteria (1) 

(µg/m3 ) 

Acetone 7.6 19 5.4 10 13 17 5.4 - 19 32,000  

Benzene 2 Nd 1 1.2 0.74 3.1 Nd - 3.1 9.6  

Bromomethane Nd Nd Nd Nd Nd Nd Nd 5.2  

1,3,-Butadiene Nd Nd Nd Nd Nd 0.66 Nd - 0.66 2.1  

2-Butanone (MEK) Nd 9.1 Nd 4 2.8 4.6 Nd - 9.1 5,200  

Carbon Disulfide Nd Nd Nd 9.5 Nd Nd Nd - 9.5 730  

Carbon tetrachloride 1.1 Nd Nd Nd Nd Nd Nd - 1.1 6.1  

Chloroform Nd Nd 0.79 Nd Nd Nd Nd - 0.79 140  

Chloromethane 1.6 1 1.2 0.89 0.83 2.1 Nd - 2.1 18 

Cyclohexane Nd Nd Nd Nd Nd 2.8 Nd - 2.8 6,300 

1,2-Dichloroethane (EDC) 6.3 Nd 12 Nd Nd Nd Nd - 12 2  

cis-1,2-Dichloroethene Nd Nd Nd Nd Nd 0.69 Nd - 0.69 63  

Ethanol 5.1 6.7 7.2 6.4 4.3 12 4.3 - 12 100,000 

Ethylbenzene 1.3 0.82 0.8 0.84 1.0 4.2 0.8 - 4.2 22,000 

4-Ethyl-toluene Nd Nd Nd Nd 1.6 2.8 Nd - 2.8 - 
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VOC 

Round 1 
September 

2005      
(µg/m3) 

Round 2 
October 2005 

(µg/m3) 

Round 3 
September 

2006      
(µg/m3) 

Round 4 April   
2007 

(µg/m3) 

Round 5 
November  

2007 (µg/m3) 

Round 6  
June      2008 

(µg/m3) 

Range 
detected 
(µg/m3) 

Adopted Long Term 
Exposure Criteria (1) 

(µg/m3 ) 

Freon 11 2 1.6 Nd Nd 1.6 2.2 Nd - 2.2 31,000 

Freon 12 3.6 2.7 1.5 1.6 2.8 2.7 1.5 - 3.6 31,000 

Heptane Nd Nd Nd Nd 0.8 1.6 Nd - 1.6 26,600 

Hexane Nd Nd Nd Nd 0.78 3 Nd - 3 730 

Methylene Chloride Nd Nd Nd Nd Nd 1.8 Nd - 1.8 1,100 

2-Propanol Nd Nd 2.7 Nd Nd 3.1 Nd - 3.1 7,000 

Styrene Nd Nd Nd Nd Nd 1.1 Nd - 1.1 1,000 

Tetrachloroethene (PCE) Nd Nd 1.4 Nd Nd Nd Nd - 1.4 200 

Tetrahydrofuran Nd Nd Nd Nd Nd Nd Nd 313 

Toluene 6.4 2 4.1 4.6 1.5 20 1.5 - 20 377 

Trichloroethene (TCE) Nd Nd 0.95 Nd Nd Nd Nd - 0.95 2.3 

1,2,4-Trimethylbenzene  1 Nd 0.81 0.96 2.5 3.3 Nd - 3.3 7.3 

1,3,5-Trimethylbenzene Nd Nd Nd Nd 1.1 1.1 Nd - 1.1 6.3 

Vinyl chloride Nd Nd 0.71 Nd Nd Nd Nd - 0.71 1 

m,p-Xylene 4.8 1.9 3.5 3.7 4.0 17 1.9 - 17 

o-Xylene 1.5 Nd 1 1.1 1.7 5.4 Nd - 5.4 
868 

Bold cells indicate where a compound has been detected 

nd = not detected 
(1) = Refer to Table 3-1 for source of criteria – these criteria are relevant for long-term exposure and should be compared against average values, however the range reported can be compared with these criteria to 
provide a general indication of potential issues. 
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4.2.4 Matraville Public School (AS56) 
Table 4-5 provides a summary table for Matraville Public School (AS56) for Stages 1, 2 and 3 of the program. 

Table 4-5 Summary of VOC Data - Matraville Public School 

VOC 

Round 1 
September 

2005      
(µg/m3) 

Round 2 
October 2005 

(µg/m3) 

Round 3 
September 

2006      
(µg/m3) 

Round 4  
April 2007 

(µg/m3) 

Round 5 
November  

2007 (µg/m3) 

Round 6  
June 2008 

(µg/m3) 

Range 
detected 
(µg/m3) 

Adopted Long Term 
Exposure Criteria (1) 

(µg/m3 ) 

Acetone 360 470 470 10 11 9.7 9.7 - 470 32,000  

Benzene 1.8 3.5 1.9 1.5 0.54 2.9 1.5 - 3.5 9.6  

Bromomethane Nd Nd 0.58 Nd Nd Nd Nd - 0.58 5.2  

1,3,-Butadiene Nd Nd Nd Nd Nd 0.59 Nd - 0.59 2.1  

2-Butanone (MEK) 3 Nd Nd 60 2.1 2.9 Nd – 60 5,200  

Carbon Disulfide Nd Nd Nd 2.4 Nd Nd Nd - 2.4 730  

Carbon tetrachloride Nd Nd 6 Nd Nd Nd Nd – 6 6.1  

Chloroform Nd Nd Nd Nd Nd Nd Nd 140  

Chloromethane 1.6 1.3 2.1 1.1 1.9 2.2 1.1 - 2.2 18 

Cyclohexane Nd Nd Nd 4.6 Nd 1.4 Nd - 4.6 6,300 

1,2-Dichloroethane (EDC) 1.6 1.3 2.1 Nd Nd 1.4 Nd - 2.1 2  

cis-1,2-Dichloroethene Nd Nd Nd Nd Nd Nd Nd 63  

Ethanol 8.3 13 28 16 5.4 27 5.4 - 28 100,000 

Ethylbenzene 1.5 Nd 1.7 Nd Nd 2.2 Nd - 2.2 22,000 

4-Ethyl-toluene Nd Nd Nd Nd Nd 1.9 Nd - 1.9 - 
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VOC 

Round 1 
September 

2005      
(µg/m3) 

Round 2 
October 2005 

(µg/m3) 

Round 3 
September 

2006      
(µg/m3) 

Round 4  
April 2007 

(µg/m3) 

Round 5 
November  

2007 (µg/m3) 

Round 6  
June 2008 

(µg/m3) 

Range 
detected 
(µg/m3) 

Adopted Long Term 
Exposure Criteria (1) 

(µg/m3 ) 

Freon 11 1.9 Nd 1.4 1.1 1.6 2.1 Nd - 2.1 31,000 

Freon 12 3.7 3 2.1 2.0 2.8 2.7 2.0 - 3.7 31,000 

Heptane Nd Nd Nd Nd Nd 1.5 Nd - 1.5 26,600 

Hexane Nd Nd Nd Nd Nd 1.9 Nd - 1.9 730 
Methylene Chloride Nd Nd Nd Nd Nd 1.3 Nd - 1.3 1,100 

2-Propanol Nd Nd 9.8 32 Nd 10 Nd - 32 7,000 

Styrene Nd Nd Nd Nd Nd Nd Nd 1,000 

Tetrachloroethene (PCE) Nd Nd 1.2 Nd Nd 1.5 Nd - 1.5 200 

Tetrahydrofuran Nd Nd 2.2 Nd Nd Nd Nd - 2.2 313 

Toluene 9.1 13 140 16 1.3 14 1.3 - 140 377 

Trichloroethene (TCE) Nd Nd Nd Nd Nd Nd Nd 2.3 

1,2,4-Trimethylbenzene  4.5 3.1 5.6 1.0 Nd 2.2 Nd - 5.6 7.3 

1,3,5-Trimethylbenzene 1.3 Nd 2 Nd Nd Nd Nd - 2 6.3 

Vinyl chloride Nd Nd Nd Nd Nd Nd Nd 1 

m,p-Xylene 6.8 6.8 11 2.4 Nd 6.5 Nd - 11 
o-Xylene 2.3 2.3 3.3 1.0 Nd 2.2 Nd - 3.3 

868 
 

Bold cells indicate where a compound has been detected 
nd = not detected 
(1) = Refer to Table 3-1 for source of criteria – these criteria are relevant for long-term exposure and should be compared against average values, however the range reported can be compared with these criteria to 
provide a general indication of potential issues. 
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4.2.5  Summary of VOC Stage 3 Data and Relevant Criteria 
Table 4-6 below provides a summary of the VOC Data from Stage 3 compared against 8 hour TWA Criteria and 
Long Term Exposure Criteria. 

Table 4-6 Summary of VOC Data from Stage 3 Compared Against 8 Hour TWA Criteria and 
Long Term Exposure Criteria 

VOC Range detected 
Adopted Long Term 
Exposure Criteria 

8 Hour TWA Criteria 

 µg/m3 µg/m3 µg/m3 

Acetone 8.8 - 21 32,000 1,185,000 
Benzene nd – 3.4 9.6 3,200 
Bromomethane nd – 1.5 5.2 19,000 
1,3-Butadiene nd – 0.88 2.1 22,000 
2-Butanone (MEK) 2.1 - 60 5,200 445,000 
Carbon disulfide nd – 9.5 730 31,000 
Carbon tetrachloride nd 6.1 630 
Chloroform nd 140 10,000 
Chloromethane 0.83 – 2.2 18 103,000 
Cyclohexane nd – 4.6 6,300 350,000 
1,2-Dichloroethane (EDC) nd – 1.4 2 40,000 
cis-1,2-Dichloroethene nd – 0.96 63 793,000 
Ethanol nd – 27 100,000 1,880,000 
Ethylbenzene nd – 4.2 22,000 434,000 
4-Ethyltoluene nd – 2.8 - - 
Freon 11 nd – 5.1 31,000 5,620,000 
Freon 12 1.6 – 2.8 31,000 4,950,000 
Heptane nd – 1.6 26,600 1,640,000 
Hexane nd – 3 730 72,000 
Methylene chloride nd – 2.1 1,100 174,000 
2-Propanol nd – 32 7,000 983,000 
Styrene nd – 1.1 1,000 213,000 
Tetrachloroethene (PCE) nd – 1.5 200 340,000 
Tetrahydrofuran nd 313 295,000 
Toluene 1.3 - 20 377 191,000 
Trichloroethene (TCE) nd 2.3 54,000 
1,2,4-Trimethylbenzene  nd – 3.3 7.3 123,000 
1,3,5-Trimethylbenzene nd – 1.1 6.3 123,000 
Vinyl chloride nd 1 13,000 
m,p-Xylene (1) nd – 17 
o-Xylene (1) nd – 5.4 

868 350,000 

(1) = Criteria relevant to total xylenes 

nd = not detected 

Shaded cells show concentrations that exceed the long term exposure criteria 
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5 Discussion 

5.1 Measured VOCs 
5.1.1 Background Levels of VOC’s 
Some of the most well known VOCs, including benzene, toluene, ethylbenzene, xylenes and trimethylbenzene, 
are ubiquitous in the urban air environment and were detected in this investigation. Background concentrations 
of the chemicals that have been reported from a range of other studies in urban air include: 

• Ambient levels of benzene in the air in a number of Australian cities have been compiled in the National 
Environmental Health Forum (NEHF, 1997) Monograph on benzene. Ambient levels of benzene in air in 
Sydney range from <3.3 μg/m3 in the outlying areas of Sydney to levels up to 30.5 μg/m3 in the CBD. 
Averages range from 1.0-1.3 μg/m3 in the outer suburbs to 7.8 μg/m3 in the CBD (NSW EPA, 1997). These 
concentrations are also consistent with data collected from Sydney urban areas from a five year study (1996 
to 2001) of a range of chemicals (including VOCs) in ambient air at a number of locations in NSW by the 
NSW EPA (DEC 2004). 

• Concentrations of toluene and m,p-xylene as well as other selected hydrocarbons and chlorinated 
hydrocarbons were measured in Sydney's atmosphere by the CSIRO's Coal and Energy Division. Data from 
November 1992 to February 1993 (Air Toxics Conference, 1994, Proceedings Volume 1) indicates that 
typical ranges of toluene and xylenes in air are 3.1 to 70 μg/m3 and 6.2 to 83.9 μg/m3 respectively. These 
concentrations are also consistent with data collected from Sydney urban areas from 1996 to 2001 (DEC 
2004). 

• Concentrations of ethylbenzene have been reported in urban air sampling data collected from roadside 
locations in Sydney CBD from 1996 to 2001 (DEC, 2004) reported an average of 2.2 μg/m3 and maximum 
of 6.5 μg/m3. Concentrations were reported in other urban areas in Sydney ranged from an average of 0.4 
μg/m3 to a maximum of 6.5 μg/m3. 

• Concentrations of 1,2,4-trimethylbenzene have been reported in urban air sampling data collected from 
roadside locations in Sydney CBD from 1996 to 2001 (DEC, 2004) reported an average of 3.4 μg/m3 and 
maximum of 16.7 μg/m3. Lower concentrations were reported in other urban areas in Sydney ranging from 
an average of 0.5 μg/m3 to a maximum of 9.3 μg/m3. 

The ranges of the compounds discussed in the above paragraphs are consistent with the measured values 
found during this investigation.   

Table 5-1 shows the range in detected compounds found during the Stage 3 of the sampling program compared 
to the sampling program performed by DEC (2004).  
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Table 5-1 Summary of Stage 3 VOC Measurements Compared with NSW EPA 
Measurements - Sydney CBD and Rozelle 

 

Botany 
Community 
Ambient Air 

Sampling Stage 3 

NSW EPA Ambient Air Sampling 
(Sydney CBD) (2) 

NSW EPA Ambient Air Sampling 
(Rozelle) (2) 

Criteria 
(3) 

VOC Range (µg/m3) 
Average 
(µg/m3) 

Maximum 
(µg/m3) 

Average 
(µg/m3) 

Maximum 
(µg/m3) 

 
(µg/m3) 

Acetone 8.8 - 21 na na na na 32,000  

Benzene nd – 3.4 7.35 16.61 3.51 19.5 9.6  

Bromomethane nd – 1.5 0.4 0.79 0.4 0.4 5.2  

1,3-Butadiene nd – 0.88 0.88 3.09 0.44 1.99 2.1  

2-Butanone (MEK) 2.1 - 60 na na na na 5,200  

Carbon disulfide nd – 9.5 na na na na 730  

Carbon tetrachloride nd 0.63 1.26 0.63 1.26 6.1  

Chloroform nd 0.49 0.98 0.49 0.49 140  

Chloromethane 0.83 – 2.2 1.45 2.27 1.45 2.7 18 

Cyclohexane nd – 4.6 na na na na 6,300 

1,2-Dichloroethane (EDC) nd – 1.4 0.4 2.02 0.4 0.81 2  

cis-1,2-Dichloroethene nd – 0.96 0.40 0.40 0.40 0.40 63  

Ethanol nd – 27 na na na Na 100,000 

Ethylbenzene nd – 4.2 2.2 6.5 1.3 6.5 22,000 

4-Ethyltoluene nd – 2.8 1.48 6.89 0.98 5.41 - 

Freon 11 nd – 5.1 1.7 15.2 1.7 2.3 31,000 

Freon 12 1.6 – 2.8 4 40.1 3 4.9 31,000 

Heptane nd – 1.6 na na na na 26,600 

Hexane nd – 3 na na na na 730 

Methylene chloride nd – 2.1 0.69 15.62 0.69 12.84 1,100 

2-Propanol nd – 32 na na na na 7,000 

Styrene nd – 1.1 0.85 9.8 0.43 3.0 1,000 

Tetrachloroethene (PCE) nd – 1.5 0.68 10.88 0.68 2.04 200 

Tetrahydrofuran nd na na na na 313 

Toluene 1.3 - 20 15.8 37.7 8.3 60.3 377 

Trichloroethene (TCE) nd 0.53 19.08 0.53 4.24 2.3 

1,2,4-Trimethylbenzene  nd – 3.3 3.4 16.7 1.5 9.3 7.3 

1,3,5-Trimethylbenzene nd – 1.1 0.98 5.4 0.49 2.95 6.3 

Vinyl chloride nd 0.26 0.77 0.26 0.26 1 

m,p-Xylene (1) nd – 17 9.6 26.9 4.3 28.7 

o-Xylene (1) nd – 5.4 3.5 11.7 1.7 10.4 
868 

Notes: 
nd – not detected above the reporting limit 
na = not analysed as part of the NSW EPA study 
(1) = criteria shows concentration for total xylenes 
(2) = Taken from Table A9.1 DEC (2004) for 24 hour samples taken in Rozelle, Sydney, between January 1996 to August 2001 and converted from ppbv to 
μg/m3. 
(3) = Adopted long-term exposure criteria presented for an annual average – comparison of data collected (24-hr averages) is considered relevant as it is 
assumed that the averages over a number of 24-hr periods (or less) reflects an average over a longer period.  
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Table 5-1 shows that concentrations of VOC’s detected during Stage 3 were below the adopted assessment 
criteria.  Sample concentrations also appear reasonably consistent with averaged data from the NSW EPA 
(2004) study at Sydney CBD and Rozelle, with the exception of bromomethane and cis 1,2-dichloroethene, 
where the maximum reported from Rounds 4 to 6 was approximately 2 times higher than the maximum reported 
at Sydney CBD and Rozelle but below the criteria protective of human health.  The maximum VOC 
concentrations samples at Botany are generally slightly higher than the averages reported at Sydney CBD and 
Rozelle and this may be attributed to the greater number of industrial activities in the area, however, for the 
purposes of this assessment, the concentrations would be considered similar.  This implies that the health risks 
associated with the exposure to the compounds reported (from inhalation of ambient air) in these suburbs would 
be similar to areas where VOC sampling was conducted (Botany and surrounds). 

A comparison of the Stage 3 VOC results with the previous rounds of sampling (Stages 1 and 2 as presented 
for each location in Table 4-2 to 4-5, shows little difference in variation with the exception of the following: 

• A significant reduction in measured acetone concentrations, from Stages 1 and 2 (sampling Rounds 1 to 3), 
when compared against Stage 3 (sampling Rounds 4 to 6). The likely source of the acetone concentrations 
reported in earlier rounds was not identified as it is unrelated to emissions from the BIP, including the GTP; 
and 

• EDC has reduced in concentration at Discovery Cove from Stages 1 and 2 (sampling Rounds 1 to 3)  when 
compared against Stage 3 (sampling Rounds 4 to 6). This is consistent with local air sampling conducted 
for Orica adjacent to Springvale Drain (reported separately).  

   

5.2 Measured Levels of Dioxins, Furans and PCB 
Dioxins, furans and PCB were not measured as part of the Stage 3 Sampling Round, however a brief discussion 
of the previous sampling rounds is provided below. 

The community air dioxin results measured at Botany in previous sampling rounds were compared with similar 
measurements taken from ambient air in urban / light industrial locations around Australia.  The results are 
shown in Table 5-2, which shows the Botany Community air samples are comparable and slightly below 
concentrations from similar environments around Australia. 
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Table 5-2 Summary of Dioxin Measurements Compared with DEH Measurements 

Orica 2005 Orica 2006 DEH Measurements (Gras et al 2004) (1) NSW EPA (2) 

NSW – 
Botany 

(urban, light 
industrial) 

Pre GTP 
operation 

NSW – 
Botany 

(urban, light 
industrial) 

Post GTP 
operation 

NSW - 
Westmead 

(urban) 

QLD - Eagle 
Farm (urban, 

light 
industrial) 

WA – 
Kwinana 

(industrial) 

SA – Netley 
(urban, light 
industrial) 

NSW – 
Warrawong 
(industrial) 

NSW – 
Westmead 

(urban) 

fg TEQDF m3 fg TEQDF m3 fg TEQDF m3 fg TEQDF m3 fg TEQDF m3 fg TEQDF m3 fg I-TEQDF m3 fg I-TEQDF m3 

8.0 7.7 15 9 14 15 10 14 
Notes: 

(1) Average of monthly measurements collected over a year. 
(2) Average of monthly measurements taken over the 15 month sampling period. 

 

It should be noted that Gras et al 2004 noted a significant seasonal variation in dioxin concentrations and 
attributed the rise in dioxins to residential wood smoke.  As the dioxin measurements performed for this 
community air program have been undertaken during September, the sampling period did not include the colder 
winter months where residential wood fire emissions are greatest. However the data are considered to present 
representative levels of dioxins, furans and PCBs in the industrial area pre and post operation of the GTP. 
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6 Conclusion 

URS have performed ambient air volatile organic compounds (VOCs) and dioxin sampling in the Botany / 
Banksmeadow area from September 2005 to June 2008 to assess background air concentrations in the area.  
The program was designed to respond to community questions about ambient air quality in the area and also to 
measure the air quality pre and post start up of the GTP The area is characterised by a number of industrial 
premises located within and surrounding the BIP, with residential and commercial premises adjacent to industry.  
The locations selected for VOC and dioxin sampling were representative of community areas within surrounding 
residential/school areas or business areas. The locations were also selected as they were approximately north, 
south, east and west of the GTP so that data would encapsulate weather conditions on sampling event days.  

The sampling has been undertaken over a number of stages with Stages 1 and 2 (VOC sampling Rounds 1 to 3 
and dioxin sampling) reported in earlier reports.  The third and final stage of the program, involved VOC 
sampling Rounds 4, 5, and 6 only.  No dioxin measurements were collected during Stage 3.  This report 
presents the VOC data collected during Stage 3.  The following presents a summary of the Stage 3 data 
collected and relevant observations: 

• Whilst the sampling performed was not designed to be compared to regulatory criteria, the VOCs measured 
did not exceed ambient air criteria adopted in this assessment that is considered protective of human health 
(by all individuals including residents, school children and workers) associated with inhalation every day for 
a lifetime; and 

• The VOCs detected were all well below (by several orders of magnitude in some cases) the occupational 
exposure inhalation standards available from the ASCC. 

A summary of noticeable data trends, over the entire BGC Project Community Air Monitoring Program are 
provided below: 

• All measured VOCs were below the criteria protective of long term human health, with the exception of 
EDC.  EDC has reduced in concentration at Discovery Cove from the sampling Rounds 1 to 3 when 
compared against sampling Rounds 4 to 6. This is consistent with local air sampling conducted for Orica 
adjacent to Springvale Drain.  One detection of EDC was reported in the last three rounds (Rounds 4 to 6), 
which was below the long term criteria; 

• A significant reduction in measured acetone concentrations (source unknown), from the sampling Rounds 1 
to 3, when compared against sampling Rounds 4 to 6, inclusive. The concentrations were, however, not 
reported above the long term health criteria for any of the six sampling Rounds;  

• Dioxin sampling (reported in Stages 1 and 2) indicated no increase between the two rounds of sampling 
(pre and post GTP startup); 

• Whilst there are no suitable Australian criteria for dioxins in the ambient air, the dioxins were found to be 
present at concentrations comparable to other urban / light industrial locations in Sydney and throughout 
Australia; 

Overall, ambient air concentrations of VOCs and dioxins in the area surrounding the Botany Industrial Park do 
not appear to be significantly different to concentrations measured in other urban areas of Sydney, and do not 
appear to show any significant fluctuation compared with the sampling undertaken prior to the operation of the 
GTP. Comparison with conservative criteria that are protective of human health, workplace exposure inhalation 
standards and the detailed assessment of risks to human health relevant for the area indicates that the 
measured concentrations in ambient air are considered low, consistent with previously measured data, and not 
associated with adverse health effects. 





O R I C A  C O M M U N I T Y  A I R  M O N I T O R I N G

References Section 7
 

    

 
  Prepared for Orica Australia Pty Ltd, 9 February 2009 

J:\JOBS\43217288\Stage 3\Deliverables\43217288 Community Air Monitoring Report Stage 3 
R002.doc 

 35  

 

7 References 

Air Toxics Conference 1994 Proceedings Volume 1. 

Air Toxics 2008 http://www.airtoxics.com/ 

DEC 2004 Ambient Air Quality Research Project: Internal Working paper No.2 Ambient concentrations of toxic 
organic compounds in NSW. New South Wales Department of Environment & Conservation. 

DEH, 2004. National Dioxins Program, Technical Report No. 4, Dioxins in Ambient Air in Australia, 2004. 
Department of the Environment and Heritage, Australian Government. 

Gras, J, Müller J, Graham, B, Symons, R, Carras, J, Cook, G 2004, Dioxins in Ambient Air in Australia, National 
Dioxins Program Technical Report No. 4, Australian Government Department of the Environment and Heritage, 
Canberra. 

NEHF 1997 National Environmental Health Forum – Benzene. National Environmental Health Monographs. Air 
Series No. 2.  

NEPC 2004 National Environment Protection (Air Toxics) Measure. 

NSW EPA 1997 New South Wales State of the Environment Report. Environment Protection Authority NSW. 

NSW EPA 2002 Ambient Air Quality Research Project (1996-2001) Dioxins, Organics, Polycyclic Aromatic 
Hydrocarbons and Heavy Metals. Environment Protection Authority, Sydney. 

OEHHA (2001) Draft OEHHA Report on Ethanol in Gasoline, Appendix A, Toxicity Summaries, February 2001. 

Ontario, 2005.  Ontario Air Standards for Isopropanol, Standards Development Branch, Ontario Ministry of the 
Environment, June 2005. 

RIVM, 2001. Re-evaluation of human-toxicological maximum permissible risk levels. RIVM report no. 
711701025, National Institute of Public Health and the Environment, Bilthoven, The Netherlands, March 2001, p 
276. Available at http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf  

TPHCWG (1997-1999). Total Petroleum Hydrocarbon Criteria Working Group Series, Volumes 1 to 5 published 
from 1997 to 1999. 

URS, 2005. Consolidated Human Health Risk Assessment 2005. Prepared for Orica Australia Pty Ltd by URS 
Australia, August 2005. 

URS 2006 Orica Community Air Monitoring Program.  Prepared for Orica Australia Pty Ltd by URS Australia. 
27th February 2006. 

URS 2007 Orica Community Air Monitoring September 2006.  Prepared for Orica Australia Pty Ltd by URS 
Australia 16th May 2007. 

US EPA 2008 Region 9 Preliminary Remediation Goals.  Available at 
http://www.epa.gov/region09/waste/sfund/prg/ 

URS 2009 HCB Repackaging Plant – Ambient Air Monitoring.  Prepared for Orica Australia Pty Limited 21 
January 2009 

US Food and Drug Administration 2000, PDE for Tetrahydrofuran Draft ICH Consensus Guideline 



 O R I C A  C O M M U N I T Y  A I R  M O N I T O R I N G  

Section 7 References 
 

    

  
 

 36  

Prepared for Orica Australia Pty Ltd, 9 February 2009
J:\JOBS\43217288\Stage 3\Deliverables\43217288 Community Air Monitoring Report Stage 3

R002.doc

 

WHO, 1998, Concise International Chemical Assessment Document (CICAD) 1, 1,2-Dichloroethane, World 
Health Organisation, 1998. 
 
WHO 1999,  Environmental Health Criteria (EHC) 208, Carbon Tetrachloride.  International Programme on 
Chemical Safety, World Health Organisation 1999. 

WHO 2000a World Health Organisation Regional Office for Europe, Copenhagen, Air Quality Guidelines for 
Europe, Second Edition, WHO Regional Publications, European Series, No 91, 2000 

WHO 2000b Guidelines for Air Quality, WHO Geneva 2000. 

WHO 2001, Concise International Chemical Assessment Document (CICAD) 28, Methyl Chloride, World Health 
Organisation, 2001. 
 
WHO 2004, Concise International Chemical Assessment Document (CICAD) 58, Chloroform, World Health 
Organisation, 2004. 

WHO 2006. Concise International Chemicals Assessment Document (CICAD) 68, Tetrachloroethene. World 
Health Organisation, 2006. Available from http://www.inchem.org/documents/cicads/cicads/cicad68.htm#1.0 

 



O R I C A  C O M M U N I T Y  A I R  M O N I T O R I N G

Limitations Section 8
 

    

 
  Prepared for Orica Australia Pty Ltd, 9 February 2009 

J:\JOBS\43217288\Stage 3\Deliverables\43217288 Community Air Monitoring Report Stage 3 
R002.doc 

 37  

 

8 Limitations 

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and thoroughness of 
the consulting profession for the use of Orica Australia Pty Limited and only those third parties who have been 
authorised in writing by URS to rely on the report. It is based on generally accepted practices and standards at 
the time it was prepared. No other warranty, expressed or implied, is made as to the professional advice 
included in this report. It is prepared in accordance with the scope of work and for the purpose outlined in the 
Proposal. 

The methodology adopted and sources of information used by URS are outlined in this report. URS has made 
no independent verification of this information beyond the agreed scope of works and URS assumes no 
responsibility for any inaccuracies or omissions. No indications were found during our investigations that 
information contained in this report as provided to URS was false. 

This report was prepared between October 2008 and February 2009 and is based on the conditions 
encountered and information reviewed at the time of preparation. URS disclaims responsibility for any changes 
that may have occurred after this time. 

This report should be read in full. No responsibility is accepted for use of any part of this report in any other 
context or for any other purpose or by third parties. This report does not purport to give legal advice. Legal 
advice can only be given by qualified legal practitioners. 
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Plate 1 –  Location AS53, Pagewood Public School 
 

 
 

Plate 2 – Location AS54, Banksmeadow Primary School 



 
 

 
 

Plate 3 – Location AS56, Matraville Primary School 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


