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Disclaimer 
 

This report was prepared by Toxikos Pty Ltd as an account of work for Environ Australia 
Pty Ltd.  The material in it reflects Toxikos’s best judgement in the light of the information 
available to it at the time of preparation.  However, as Toxikos cannot control the 
conditions under which this report may be used, Toxikos will not be responsible for 
damages of any nature resulting from use of or reliance upon this report. Toxikos's 
responsibility for advice given is subject to the terms of engagement with Environ Australia 
Pty Ltd.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

About Toxikos Pty Ltd 
 
Toxikos Pty Ltd is a consulting company formed on December 1st 2000 to provide 
clients with independent excellence in toxicology and health based risk assessment. 
Its charter is to assist industry and government make science based decisions 
regarding potential effects and management of environmental and occupational 
chemicals. For over twelve years, prior to and since the establishment of Toxikos, 
staff has provided toxicology and health risk assessment advice to clients in a wide 
range of industries and government in Australia, New Zealand and South Africa.  
 
About the author: Dr Roger Drew is one of the Directors and Principal consultants of 
Toxikos Pty Ltd. He has primary degrees in biochemistry and pharmacology and 
postgraduate degrees in toxicology. Postdoctoral training was undertaken at the 
National Institutes of Health, National Cancer Institute in the USA and he spent twelve 
years teaching medical students and conducting toxicological research at Flinders 
University of South Australia. He was corporate Toxicologist to ICI/Orica Pty Ltd for 
twelve years before creating Toxikos Pty Ltd. Dr Drew is the only consultant 
toxicologist in Australia certified by the American Board of Toxicology. 
 
Dr Drew has been a toxicology consultant to Australian Federal and State Authorities; 
a member of several standing expert committees of the National Health & Medical 
Research Council of Australia and the National Occupational Health and Safety 
Commission of Australia. He has been a member of many expert task groups of the 
World Health Organization for the International Programme on Chemical Safety.  
 
Dr Drew was Adjunct Professor of Biochemical Toxicology at RMIT University and 
teaches various aspects of toxicology to undergraduate and postgraduate students at 
RMIT, Monash and Melbourne Universities. He is a member of several professional 
toxicology societies and is a recognised national and international expert in toxicology 
and risk assessment. He is currently on the editorial board of the international 
scientific journal “Regulatory Toxicology and Pharmacology" and a board member of 
the Australian National Research Centre for Environmental Toxicology. 
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2 Executive Summary 
 
 
This risk assessment has examined the potential health impact of refinery emissions from 

the Alcoa Pinjarra aluminium facility to the population residing near the refinery. The refinery 

is located on land owned by Alcoa which provides a buffer for the refinery operations.  The 

surrounding land-use is predominantly rural, with most of the region west of the Darling 

Scarp cleared of natural vegetation.  

 

Two operational modes of the refinery have been examined. The first, as the refinery is 

currently operating; this is called the ‘base case’. The second mode is after a variety of 

additional emissions control equipment have been installed and increases in efficiency have 

been completed to provide an increase of approximately 17% in alumina production; this is 

called the ‘upgrade case’. The Pinjarra refinery does not have a liquor burner, and it is not 

planned to install one as part of this project. 

 

Toxikos was provided with modelled ground level concentrations of emission components at 

several residential receptor locations for the two operating conditions of the plant. In both 

conditions the emissions from all release points in the refinery were considered and 

modelled to predict composite ground level concentrations at the receptors. In order to 

assess the air quality impacts associated with potential acute (i.e. short-term) and chronic 

(i.e. long-term) exposure, emissions associated with daily peak and annual average plant 

activity were modelled for both the ‘Baseline’ and ‘Upgrade’ scenarios. Assuming the daily 

peak activity occurred throughout the day the modelling predicted the average ground level 

concentration for each hour during the day and the average for the year. In the risk 

assessment the highest one hour concentration that occurs at any time during the year has 

been used for assessing potential acute health impacts, however to provide insight to the 

frequency with which such high concentrations are achieved the 95th percentile1 hour 

modelled concentration has also been evaluated. For 99.99% of the time emission 

concentrations at the receptors are less than the maximum one hour concentrations. The 

yearly average concentration was used to assess the impact of potential chronic exposures.  
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Of the fourteen residential locations for which predicted ground concentrations were 

provided, Toxikos has chosen locations 1, 3, 4, & 7 to conduct the health risk assessment.  

• Location 1 is the site of the highest modelled 1 hour maximum and highest annual 

average VOC concentrations of all the fourteen modelled locations; hence is 

representative of the worst case exposure to emissions from the refinery. All other 

locations have lower exposures.  

• Location 3 is representative of the nearest residence in Carcoola townsite and will 

experience the highest concentrations of this population.  

• Location 4 is at the edge of the Pinjarra Racecourse and therefore representative of 

a residence at Pinjarra townsite that is potentially closest to the refinery; this location, 

while having lower exposures than Location 1, is representative of the highest 

exposure at the town of Pinjaarra.  

• Location 7 represents the residences to the south of the refinery (locations 6 – 11) 

and has been chosen because this is where the highest VOC exposure is predicted 

to occur for this immediate area. 

 

In this risk assessment the potential health impact of emissions at receptor locations has 

been judged by comparing the predicted ground level concentrations with health based air 

guideline values for the individual emission components. These guidelines have been 

sourced from reputable regulatory agencies and incorporate large safety factors to ensure 

they are protective of public health; they inherently take into consideration differences in 

susceptibility between individuals in a population. The methodology used in this document 

for assessing the health risks is consistent with that recommended by the US EPA, the 

National Health and Medical Research Council of Australia and the enHealth Council of 

Australia.   

 

When predicted ground level concentrations are less than the health guideline values there 

is very little likelihood of an adverse health effect occurring. The ratio of the ground level 

concentration to the health guideline value is called the hazard quotient. The impact of 

exposure to the emission mixture has been assessed by assuming the effects of the 

individual components may be additive, this is performed by adding the individual hazard 

quotients. If this number, called the hazard index, is less than one there is little likelihood of 

health effects occurring. If it is greater than one it does not mean health effects will occur, 

rather the safety factors incorporated into the health guideline values may be eroded.  It 

should also be noted the assumption of additivity of effect is very conservative; in reality 

relatively few of the emission components will do this. 
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For emission components that are carcinogens, the carcinogenic risk from an assumed life 

time exposure has been calculated and compared with an acceptable target risk of one in a 

million of developing a cancer.  

 

It is concluded there is little likelihood of an acute adverse effect occurring because: 

• All hazard quotients and hazard indices for all receptor locations, except location 1 

where ground level concentrations are most probably over predicted are less than 

unity. 

• The highest concentrations are modelled from worst case emission assumptions and 

they will be rarely achieved. 

• The 95th percentile acute hazard indices are substantially below unity and 

approximately an order of magnitude less than the 1 hour maximum hazard indices, 

thereby supporting the notion that the latter will be rarely achieved. 

 
Since the receptor locations were chosen to reflect the worst exposure situations for each 

locality, it is unlikely acute health effects will be induced at other locations. This will include 

people travelling across the Alcoa buffer zone to/from the escarpment by car or by train. 

Background intakes of most of the emission components do not affect the risk assessment.  

 

The chronic hazard indices for the existing plant (base case) and the upgrade are all 

markedly less than unity indicating the likelihood of health effects from chronic exposure to 

the refinery emissions is unlikely. For dioxin like compounds conservative estimates of 

background intakes have been assumed, even so the overall intakes are much less than the 

intake level that Australian authorities have deemed to be tolerable and without adverse 

health effects. 

 

There were seven components in the emissions that are regarded as being potentially 

carcinogenic should exposure be high enough, at the predicted ground level concentrations 

the combined cancer risk of all these substances is below the target acceptable risk of one 

in a million at all locations except location 1 in the base case scenario. The combined cancer 

risk (1.56 x 10-6) at this location is slightly above the target risk; however this is likely to be 

caused by over prediction of ground level concentrations by the dispersion model used. 

 

Although there are many compounds in the emissions for which a regulatory derived 

guideline does not exist, the predicted ground level concentrations of these substances are 
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very low, in the majority of cases less than the level of no toxicological concern. This 

indicates that such low levels are unlikely to be associated with health effects.  

 

In conclusion, the health risk assessment indicates little likelihood of health effects being 

caused by either acute or chronic exposure of the general public to refinery emissions from 

the Alcoa Pinjarra refinery. 
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3 Introduction. 
 
Environ Australia Pty Ltd, a consultant to the Alcoa Pinjarra alumina refinery, Western 

Australia, have contracted Toxikos Pty Ltd to perform a toxicological and human risk 

assessment of the potential emissions from the upgraded alumina refinery.  

 

The Pinjarra refinery is located off the South West Highway, approximately 6 km east of the 

town of Pinjarra and about 90 km south of Perth.  The refinery is located on land owned by 

Alcoa which provides a buffer for the refinery operations.  The surrounding land-use is 

predominantly rural, with most of the region west of the Darling Scarp cleared of natural 

vegetation.   

 

Toxikos was provided with Excel spread sheets1 of modelled ground level concentrations 

(GLCs) of emission components at several receptors and under two operating conditions for 

the plant. The modelling was performed by Owen Pitts of SKM. The predicted ground level 

concentrations are significant input parameters for the health risk assessment herein and for 

convenience they are reproduced in the Appendices (Volume 2) to this report.  

 
The operational scenarios of the refinery for which the health risk assessment of emissions 

has been performed are the existing case (referred to as the ‘Baseline’ scenario) and a 

proposed case (called the ‘Upgraded’ scenario), in both scenarios the potential impacts of all 

emissions from the refinery combined are considered. 

 

Baseline scenario: represents the existing Pinjarra refinery operation, including Stages I and 

II of the Alinta Cogeneration Project for which approval under the Environmental Protection 

Act 1986 has been granted. 

 

Upgrade scenario: The production efficiency upgrade equates to an 17% increase in annual 

alumina production. The production increase will be achieved primarily by increasing the 

rate of alumina yield from the Bayer Liquor circuit by improving the precipitation process.  As 

part of the upgrade a variety of additional emissions control equipment aimed at 

substantially reducing the overall emissions footprint of the plant are to be installed on the 

                                                 
1 "model_results_summary_final";  
   "GLCs based on dilution factors final"    
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oxalate kiln, on emissions sources through the digestion process and on the upgraded 

calciners.  

 

The risk assessment was conducted for modelled emissions from the two operational 

scenarios potentially impacting four residential locations near the refinery. 

The emission scenarios to which acute and chronic risk assessments have been applied, 

together with receptor locations are summarised in Table 2.1. 

 

Table 2.1: Summary of emission scenarios, type of risk assessment and data 
used, and receptor locations a. 

Emission 
scenario 

 

Acute risks 
assessed 

Chronic risk 
assessed 

S1  
‘Baseline’ 
= Existing 
plant  
 

 
• Maximum 1 hr GLC 
• 95th %’ile 1 hr GLC 

 
• Modelled Annual GLC 

S2  
Upgraded 
plant 
 

 
• Maximum 1 hr GLC 
• 95th %’ile 1 hr GLC 

 
• Modelled Annual GLC 

a See Sections 4.4 & 6 for receptor descriptions and chemicals of potential concern (COPC).. 

 

 

In order to assess the air quality impacts associated with chronic (i.e. long-term) and acute 

(i.e. short-term) health impacts for the health risk assessment, emissions representative of 

annual average and daily peak emissions were modelled by SKM for the ‘Baseline’ and 

‘Upgrade’ scenarios using annual average and daily peak refinery alumina production rates 

as an indicator of emissions variability.  Daily peak emissions are modelled as the average 

of each one hour ground level concentration. In the risk assessment the highest one hour 

average that occurs at any time during the year has been used for assessing potential acute 

impacts, however to provide insight to the frequency with which such high concentrations 

are achieved the 95th percentile1 hour modelled concentration has also been evaluated. 

 

 

 

 

Receptor Locations   
 
1.  Residence, Farmhouse 
3.  Nearest residence in 

Carcoola townsite 
4.  Nearest residence in 

Pinjarra townsite 
7.  Residence, Farmhouse 



                                                        Page 10 of 55                                      TR121003-RJF1 

4 General Methodology. 
 

 4.1 Overview 
 
Although this risk assessment is quantitative it is primarily of a screening nature due to the 

fact that it deals with risks for a person who is hypothetically exposed to the highest 

exposure that is reasonably expected to occur at the nominated receptors. This is the 

maximally exposed individual (US EPA 1989). It does not address actual risks. It is a also a 

screening risk assessment by virtue of the fact that the characterisation of health risk has 

been performed by comparison with health based air guideline values for the individual 

emission components. These guidelines have been sourced from reputable regulatory 

agencies but their veracity has not been verified by Toxikos. Also, a detailed discussion of 

the toxicology and health effects, or dose response evaluation of individual emission 

components has not been undertaken. Nevertheless the methodology followed in this 

document is consistent with that recommended by the US EPA (1999), Vic EPA (2001), 

NEPM (1999)2 and enHealth (2002).  

 

The generic steps of a risk assessment, i.e. toxicity assessment (hazard identification), 

exposure assessment, and risk characterisation as performed in this risk assessment are 

described in more detail in Sections 4.2 – 4.7 below. Screening assessments have been 

conducted for individual emission components in relation to non-carcinogenic and 

carcinogenic health effects.  For evaluation of the potential impact of the emissions as a 

mixture, both the exposures and potential effects of the individual mixture components have 

been conservatively assumed to be additive (see Section 4.6.1).  

 

As well as a general discussion of the major uncertainties a separate section, for ease of 

reading the uncertainty associated with specific aspects of the emission(s) health impact 

assessment is presented within the report sections dealing with that specific emission 

component.   

 

 

 

                                                 
2 The NEPM methodology is written for contaminated land but contains the essential elements for 
conducting health risk assessments for airborne chemicals. 
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 4.2 Hazard Identification/Toxicity Assessment. 
 
This portion of the assessment has been confined to identifying the broad toxicological effect 

categories for each chemical (e.g. carcinogenicity, genotoxicity, reproductive toxin, 

neurotoxin etc). These may not be the health effects of concern for which the relevant health 

guideline has been established. Potential health effects have been separated into acute and 

chronic effects based primarily on the averaging time associated with the standard or 

guideline for the substance. A very brief description of the toxicological endpoint of concern 

for those agents that have a health based guideline value is included, with the values, in 

tabular format in Appendix 2 of Volume 2.  

 
Because this is a preliminary assessment, review documents and electronic databases 

produced by competent agencies3 have been used as the information resources rather than 

conducting a thorough toxicological evaluation of each chemical. No attempt has been made 

to derive an air guideline value from the scientific literature if one was not available from a 

regulatory agency. This has a minor impact on the outcome of the risk assessment as 

ground level concentrations of substances with no health guideline at receptor locations are 

extremely small.  

 

Because overview documents or electronic databases have been used to determine the 

hazard category of emission components no assessment has been made regarding dose 

response aspects, or whether the toxicological effects used to categorise the potential 

hazard have a realistic probability of being realised at the exposure levels in question. It is 

anticipated that for many of the compounds the doses required to cause, say reproductive 

effects are much higher than the dose required causing the most sensitive health effect, 

against which the relevant guideline has been established. For example the acute or chronic 

health guideline for a particular chemical may be based on irritancy or perhaps central 

nervous system depression because this is the most sensitive end point but at higher 

concentrations some other effect may occur that an agency somewhere has used to classify 

the compound as possessing a particular hazard capability. Thus because public health 

guidelines are based on the most sensitive effect that may occur comparison of modelled 

                                                 
3 National Environment Protection Council (NEPC), Australia; World Health Organisation (WHO)- 
International Programme for Chemical Safety (IPCS) & International Agency for Research on Cancer 
(IARC); Agency for Toxic Substances and Disease Registry (ATSDR), US Dept Health & Human 
Services; Office of Environmental Health Hazard Assessment (OEHHA), California EPA;  The Dutch 
National Institute of Public Health and the Environment (RIVM); and the Integrated Risk Information 
System (IRIS), US EPA. Wherever it has been practical to do so, the hierarchal preferred reference 
list of enHealth (2002) has been used to source guidelines.    
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ground level concentrations with the guideline will a priori take into account effects that may 

occur at higher exposures of the chemical.  

 

 4.3 Exposure estimations. 
 
For each scenario SKM have estimated the emissions (the product of emission flow and 

chemical concentration) from various areas of the refinery and, being cognisant of the 

location and height of the particular emission source, have modelled the combined 

emissions to predict a resulting ‘composite’ ground level concentration at each of the 

nominated receptor locations in Table 4.2.  This modelling was performed for 22 

compounds4 which together represent more than 90% of the total mass of emissions from 

the refinery (Environ 2003). Some of these compounds were modelled as if they were 

emitted as a gas or associated with very small particulates (environ 2003), in this risk 

assessment Toxikos has used the modelling that resulted in the highest ground level 

concentration, i.e. the worst case.  

 

As noted in Section 6, 142 different substances were identified as being emitted from the 

refinery. For practical reasons it was not possible to model each of these substances, 

especially as the vast majority are very minor emission constituents. Using the top seven 5 

substances emitted by mass from the refinery, Environ 6 estimated from the modelling for 

each of these the maximum and minimum dilution factor from the refinery to each of the 

receptor locations. In keeping with the philosophy of using conservative estimates of 

exposure, for the minor emission components Toxikos has used ground level concentration 

estimates that have resulted from application of the smallest dilution factor to the amount of 

that substance emitted from the refinery ‘bubble’.  That is the worst case estimate. It is noted 

for the receptors chosen for the health risk assessment that the ratio of the maximum : 

minimum dilution factor is 14 – 18. In other words the concentrations of minor emission 

constituents could be up to 14 – 18 times less than that used in the risk assessment.    

 

From both the above modelling procedures Toxikos has used the resulting maximum and 

95th percentile 1 hour averages to characterise risks arising from acute exposure to the 

emissions at four of the modelled locations as described in Section 4.4.  

 

                                                 
4 "model_results_summary_final".   
5 Acetone, acetaldehyde, formaldehyde, toluene, MEK, benzene and xylene.  
6 "GLCs based on dilution factors final”.  
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For this risk assessment Toxikos has adjusted where necessary the SKM reported 

concentrations and ‘averaging times’ to match the averaging measurement time of the 

health based guideline values in Appendix 2 by using the Turner Power Rule.  This occurred 

for 95th percentile and maximum 1 hour modelled GLCs where the guideline timeframe was 

different than 1 hour; the exception was for substances with a 24 hour guideline. For these 

latter substances 24 hr modelled GLCs were provided 7 (see Appendix A3.1 & A3.2). 

However where average lifetime concentrations are required for the health evaluation (e.g. 

calculation of carcinogenic risk or chronic hazard indices) the reported SKM annual average 

has been used, without adjustment, as the lifetime average value. 

 

In summary, the general approach for estimating human exposure to potential emissions 

has therefore been to: 

• Identify suitable health based air guidelines for the chemicals in question, and also 

the exposure time (averaging time) to which these guidelines apply.  

• Then for acute health risk assessments adjust the modelled SKM ground level 

concentration to match the time frame of the health based guideline value 8. This is 

then used as the concentration to which an individual at the receptor location could 

be potentially exposed. 

 

 

 4.4 Receptor characteristics. 
 

Modelling of the ground level concentrations for combined emissions from the refinery was 

done by SKM for 14 residential locations close to, or within the Alcoa controlled buffer zone, 

but outside of the refinery industrial zone.  Receptor locations are shown in Figure 1 which 

has been reproduced from the SKM (2003) report and their characteristics are summarised 

in Table 4.1.  Toxikos has performed the risk assessment for four of these locations based 

on the number of residences the location represents and, after inspection of the modelled 

ground level concentrations 9, the location of the highest concentrations of emission 

components.  If health risks are unlikely at these points of relatively high ground level 

concentrations then the same will be true at locations where the concentrations are lower.  

                                                 
7 "model_results_summary_final".   
8 The exception is for chronic health effects and carcinogens. Here the average lifetime air 
concentration is required (see Section 3.4.2) and the SKM reported values for one year or lifetime 
have been used.   
9 "model_results_summary_final".   
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As a result of this analysis Toxikos has chosen locations 1, 3, 4, & 7 to conduct the health 

risk assessment. 

  
• Location 1 is the site of the highest modelled 1 hour maximum and highest annual 

average VOC concentrations of all the fourteen modelled locations; hence is 

representative of the worst case exposure to emissions from the refinery. All other 

locations have lower exposures.  

• Location 3 is representative of the nearest residence in Carcoola townsite. 

• Location 4 is at the edge of the Pinjarra Racecourse and therefore representative of 

a residence at Pinjarra townsite that is potentially closest to the refinery; this location, 

while having lower exposures than Location 1, is representative of the highest 

exposure at the town of Pinjaarra.  

• Location 7 represents the south of the refinery (locations 6 – 11) and has been 

chosen because this is where the highest VOC exposure is predicted to occur for this 

immediate area. 

 

 

Table 4.1: Receptor identification and description.  
Receptor identification numbers correspond to locations in the SKM (2003) modelling report. 
Shaded locations are those for which the health risk assessment has been conducted (see 
text). 

Receptor 
identification 

number 

Approx No of 
Residences for 
which Receptor 
Representative

Description of Use 

1 5 Residence, Farmhouse 
2 15 Fairbridge farm, permanent & short stay accomodation
3 500 Nearest residence in Carcoola townsite 
4 2000 Nearest residence in Pinjarra townsite 
5 4 Residence, Farmhouse 
6 5 Residence, Farmhouse 
7 4 Residence, Farmhouse 
8 4 Residence, Farmhouse 
9 4 Residence, Farmhouse 

10 4 Residence, Farmhouse 
11 4 Residence, Farmhouse 
12 5 Residence, Farmhouse 



                                                        Page 15 of 55                                      TR121003-RJF1 

  

13 1-3 Residence, Alcoa employee and family 
14 4 Residence, Alcoa farmlands manager and family 
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Figure 1: Map of the area surrounding the Pinjarra alumina refinery showing 
the location of nearest residences for which dispersion modelling was 
conducted (SKM 2003) to predict ground level concentrations of emission 
components. Locations 1, 3, 4 & 7 are the subject of this health risk 
assessment. 
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4.5 Concentration of No Toxicological Concern (CoNC). 
 
There are many very minor components in the refinery emissions that, even after assuming 

minimum dilution, are present at receptor locations at extremely small ground level 

concentrations and for which health based guidelines have not been derived by regulatory 

agencies (see Section 6).  In most risk assessments these substances are usually, and 

conveniently, ignored. However in order to provide some measure of evaluation for such 

substances Toxikos has developed the concept of a ‘concentration of no toxicological 

concern’ that can be applied as a screening tool to legitimately not consider in the formal risk 

assessment substances whose maximal ground level concentration is predicted to be trivial.  

 

The concept is grounded in the regulatory and scientific deliberations of the US Food and 

Drug Administration (CFR 2001) and the European Commission (EC 2003) for developing 

concentrations of no toxicological or regulatory concern for contaminants in food. The notion 

of a ‘Concentration of No Toxicological Concern’ (CoNTC) for airborne chemicals is used 

herein as a screening tool for inclusion, or not, of minor components of emissions in the 

direct inhalation exposure pathway for public health risk assessments of industrial 

emissions. In this risk assessment it has not been applied to the evaluation of irritancy 

potential of emissions or to the assessment of risk from genotoxic carcinogens. These 

substances/endpoints have been included in the formal risk assessment regardless of 

whether their predicted ground level concentration is less than the CoNTC.  

 

Additional on the CoNTC, its derivation and justification is provided in Addendum 1 to this 

report. The CoNTC value used in this risk assessment is 0.03 µg/m3.  We emphasise the 

CoNTC is a screening tool, it is not a concentration above which health effects are imminent, 

rather it is a concentration below which it can be stated, with a reasonable degree of 

confidence, that if exposure occurred health effects are very unlikely.   
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 4.6 Risk Characterisation. 
 
The non-carcinogenic health risks have been pragmatically separated into acute and chronic 

risks according to time frame of exposure to which the health based ambient air reference 

value pertains.  For this risk assessment an acute exposure is regarded as one which is less 

than 14 days while chronic is regarded as being equal to or greater than 365 days 10.  

 
The characterisation of risk is performed in a number of ways: 

• Predicted ground level concentrations of individual emission components that are 

non-carcinogenic or are epigenetic carcinogens have been compared with a health 

based air standard or guideline considered safe, and a hazard quotient calculated 

(Sections 7.1.1 & 7.1.2). 

• Estimated ground level concentrations of individual emission components have 

also been compared with their irritancy thresholds (Sections 7.2). 

• The risk associated with exposure to genotoxic carcinogens has been calculated 

and compared to a notional ‘acceptable’ public health carcinogenic risk level of 1 in 

a million  (1x10-6), note however that this ‘acceptable’ risk level is somewhat lower 

than that used for public health purposes by some jurisdictions 11 (Section 7.4). 

• For non-genotoxic carcinogens the potential for health effects of the total mixture 

(excluding genotoxic carcinogens) has been evaluated by assuming additivity of 

effect between emission components by calculating a total hazard index (HI) 

(Section 7.1.2). 
                                                 
10 These acute and chronic exposure times are the same as those used by the Agency for Toxic 
Substances and Disease Registry (ATSDR) of the US for creating minimum risk levels for protection 
of public health. 
11 To the best knowledge of Toxikos an official acceptable carcinogenic risk level for Australia has not 
been formally announced by any agency. In the US a risk of 1 in a million is regarded as being de 
minimus and is the risk level used by the Australian NHMRC for establishing drinking water guidelines 
for genotoxic carcinogens. However many of the risk assessment guideline documents for Australia 
recognise the level of carcinogenic risk deemed to be acceptable is a matter for the community as a 
whole or the community bearing the risk to decide. For this preliminary risk assessment, a lifetime risk 
level of 1x10-6 has been adopted as a conservative screening tool for community risk. It is not to be 
implied that this should be regarded as a definitive acceptable risk level for use in a detailed risk 
assessment without appropriate consultation with relevant authorities and due consideration of the 
attitudes of other competent regulatory bodies.  For example, in New Zealand an incremental risk 
level of 1 in 100,000 per lifetime (1 x 10-5) is considered as being acceptable (NZ MfE 1997, 1999, NZ 
MoH 2000).  This is a policy decision based on Ministry of Health deliberations for derivation of  public 
health guidelines for New Zealand and the objective of protecting ‘almost all’ individuals. There are 
also examples in Australia where a lower risk level than 1 x10-6 has been used for evaluation of public 
health impacts or establishment of standards. The nominated lifetime acceptable risk of 1 x 10-6 used 
in this report is placed in context by comparison with the risks for off-site individual fatalities from a 
hazardous industrial plant the Western Australia EPA (2000) consider as being so small as to be 
acceptable. A risk level for fatalities in residential areas of one in a million per year is acceptable to 
the WA EPA; this translates to a lifetime acceptable risk of 70 x 10-6 (i.e. 7 x 10-5).   
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• For the PAHs, which are genotoxic carcinogens, the benzo[α]pyrene equivalents 

for all individual PAHs have been summed and the carcinogenic risk calculated 

using a conservative estimate of benzo[α]pyrene carcinogenic potency (Section 

7.4.1).  

• Ground level concentrations of emission substances for which no guideline or 

carcinogenic potency factor was located are compared to the ‘concentration of no 

regulatory concern (CoNTC)’ and if below this value they are considered as being 

quite unlikely to cause health effects. There is currently no method of assessing 

the risk associated with substances that are above the CoNTC and have no 

guideline value. Conservatism is built into the risk assessment to cope with these 

substances (Section 4.5 & Addendum 1). 

 

An ambient air guideline for dioxins could not be found. Dioxins and furans are non-

genotoxic carcinogens, potential health risk associated with dioxin exposure (as total 

2,3,7,8-TCDD  equivalents [TEQs]) was therefore evaluated by comparing the intake of 

dioxins (pg TEQ/kg body weight/month) with the tolerable monthly intake (TMI) 

recommended by the Department of Health and Aged Care (TGA 2001) (Section 7.5).  
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4.6.1 Hazard Quotient and Hazard Index. 
 
For this risk assessment a hazard quotient12 is calculated for each contaminant using the 

simple equation below. 

 

HQ = Estimated ground concentration/Health based air guideline value 13…….Equation 1 

 

For assessing the health risk of mixtures it is common to sum hazard quotients to obtain a 

hazard index (HI), this process assumes that either the toxicological effect of chemicals 

and/or the dose is additive. In strict toxicological terms it is only valid to sum the effects 

and/or dose of chemicals if they have the same mode of toxicological action and affect the 

same target tissues. The common practice of summing the HQ of all chemicals in screening 

(i.e. preliminary) risk assessments, regardless of biological mode of action or target tissue 

grossly overestimates the risk estimation.  

 

Hazard quotients and hazard indices are relatively blunt tools used to assist in 

characterising and prioritising risks.  Hazard indices are not used in isolation of other 

pertinent data such as mechanistic information on the toxic mode of action and the 

conservatism incorporated into the exposure assessment and toxicity values.  However the 

general rule of thumb for interpreting a hazard quotient and hazard index is that values less 

than 1 present no cause for concern, values greater than 1 generally also do not represent 

cause for concern because of the inherent conservatism embedded in the exposure portions 

                                                 
12 For the hazard quotient to be informative both the predicted ground level concentration estimated 
from the air dispersion modelling and the air guideline value must relate to the same time frame of 
exposure. In this risk assessment the estimated 1 hour ground level concentration provided by SKM 
has been adjusted to the relevant time frame by using Turners Power Rule. This is a standard 
procedure used by air modellers, although used for different purposes the mathematical form of the 
Power Rule is directly analogous to that of Haber’s Law in toxicology. Note this adjustment should not 
be viewed as if the resulting values are representing actual air concentrations over the relevant time 
period. 
13 Note the health based guideline inherently contains safety factors to protect against ill health being 
caused by exposure to the chemical. If the guideline has been established using animal toxicological 
data then there is usually a safety factor of at least 100 that has been applied to the exposure that 
does not cause effects in animals (No Observed Effect Level = NOEL), i.e. guideline usually = 
NOEL/100, if human data has been used the safety factor may be any where between 3 - 100. Thus 
the hazard index is not an evaluation predicting whether health effects will/will not occur, but rather 
whether the health guideline value will/will not be exceeded. If the health guideline is not exceeded 
then it follows that health effects are very unlikely to occur, if the health guideline is exceeded it does 
not naturally follow that health effects will occur. This is because of the conservatism embedded in 
the exposure estimate (i.e. the numerator of equation 1) and the uncertainty (safety factors) used to 
establish the health guideline value (i.e. the denominator of equation 1). The uncertainty factors used 
in the derivation of the health based air guideline value by competent agencies is included in Tables 
A2.2 & A2.3 of Appendix A, Volume 2 of this risk assessment. 



                                                        Page 21 of 55                                      TR121003-RJF1 

of a preliminary risk assessment. However, it is usual to examine, and perhaps refine, the 

level of conservatism that has been assumed in the exposure assumptions.  Hazard 

quotients and indices that are around 10 present some concern regarding possible health 

risks, in these circumstances it is usual to evaluate the extent to which the “safety margins” 

in the health guideline value used to compare estimated exposures may have been eroded 

in order to gauge whether concern is warranted (see footnote 13). It is common that the risk 

assessment needs to be refined using site specific exposure information or additional 

analytical data when HI's are greater than unity. Hazard quotients and hazard indices are 

generally not used for genotoxic carcinogens. 

 

4.6.2 Calculating Cancer Risk. 
 
Lifetime cancer risk is calculated by multiplying the average lifetime exposure to a chemical 

by an estimate of the carcinogenic potency of the chemical. The latter is commonly called 

the unit risk factor, or slope factor. For air borne carcinogens, the "unit" is generally 1 µg/m3 

and depending on the nature of the data used to determine the carcinogenic potency, the 

numerical value refers to the probability of developing, or dying of cancer. Thus a life time 

exposure to 1 µg/m3 of a substance may carry a risk of 1 chance in 200 of developing 

cancer; this is often interpreted as meaning, if 200 people were exposed to 1 µg/m3 for their 

lifetime then one individual may develop cancer. This probability is expressed as 0.5 in 100, 

or 0.5 x 10-2 per µg/m3, written as 0.5 x 10-2 (µg/m3) -1. The target acceptable risk adopted in 

this assessment is 1 x 10-6, i.e. with a lifetime exposure there is one chance in a million of 

developing a tumour. 

 

Lifetime cancer risk = lifetime average air concentration (µg/m3) x unit risk factor (µg/m3) -1  

                                = AC (µg/m3) x UR (µg/m3) -1    …………………………Equation 2 

 

In this preliminary risk assessment literature values of carcinogenic potency have been used 

without any attempt to evaluate the veracity of the value. Where several unit risk values are 

in the literature, the value indicative of the highest potency has been used except where 

there is appropriate precedence for either an Australian authority or the WHO using a 

different value for deriving a standard, in which case the latter has been used in the risk 

assessment. 
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Where SKM have provided an annual average predicted ground level concentration then 

this has been used as the lifetime (70 years) average concentration. 

 

 4.7 Consideration of background exposures.  
 

For the locations being evaluated in this risk assessment, background concentrations (i.e. 

air concentrations at the receptors from sources other than the refinery) for chemicals in the 

refinery emissions are not known.  However in Appendix A2 (Volume 2 of this report) the 

range of background levels reported by WHO (2000) for Europe are included with the acute 

and chronic ambient air guideline values.  Given the location of the Pinjarra refinery it is 

expected background concentrations would be very much towards the lower end of the 

ranges quoted by WHO (2000).  With the exception of a few metals (arsenic and cadmium) 

the lower portion of the background range is much less than biologically active 

concentrations and the guideline values (Appendix A2). Consequently a potential 

contribution to health risk from background exposures would only be expected if the hazard 

quotient for a specific chemical was approaching unity. Since this is not the case (see 

Appendix 3, Volume 2) estimations of background concentrations have not been undertaken 

and they have not been specifically included in the risk assessment as they will have 

insignificant impact on the outcome of the assessment.  

 

Not withstanding the above, body burdens and background intakes have been included in 

the health risk assessment of dioxin-like substances emitted from the refinery (Section 7.5). 

Because data is currently not available for Australians a daily background intake of 1.4 pg 

TEQ/kg body weight has been assumed from New Zealand data (Smith and Lopipero 2001). 

The background intake value of 1.4 pg TEQ/kg bw/d is the average intake for 35 – 49 year 

old New Zealanders, male and female, however this is a reflection of past average daily 

intake from all sources (food, air and soil) over that entire period; it overestimates current 

average daily intakes of adults. Best estimates of current daily intake of dioxin like 

compounds are obtained from recent dietary studies. For adult NZ males with a median 

energy diet the intake in 1998 was estimated to be 0.37 pg TEQ/kg bw/d, and for adolescent 

males with a high energy (90th percentile) diet, the intake was estimated as 0.84 pg TEQ/kg 

bw/d (NZ MfE 1998, Smith and Lopipero 2001). Hence the use of 1.4 pg TEQ/kg bw/d as an 

estimate of current dioxin intake is conservative.  
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The appropriateness of the New Zealand data for the situation being examined in Australia 

is illustrated by comparison of breast milk dioxin and PCB concentrations for the two 

countries. The third WHO coordinated exposure study (van Leeuwen & Malisch 2002) 

reports breast milk concentrations for dioxin like substances for Australia and New Zealand 

(Table 4.2). It can be seen that Australian women have lower concentrations, by about 20%, 

of these substances than New Zealanders. Because breast milk levels are a reflection of 

body burden and up to the time the sample was provided also of lifetime intake, the New 

Zealand data set is an appropriate conservative surrogate for estimating background body 

burden and daily intakes for Australians. 

 

 

Table 4.2: Breast milk concentrations (median with the range in brackets) of dioxin 
like substances in 2001/2002 [from van Leeuwen & Malisch (2002)]. 

 
 

 

Australia 
[TEQ (pg/g lipid)] 

New Zealand 
[TEQ (pg/g lipid)] 

Dioxins/Furans 5.65 (5.50 – 5.79) 6.86 (6.08 – 7.00) 

PCBs 3.09 (2.48 – 3.69) 3.92 (3.50 – 4.71) 

Total 8.74 (7.98 – 9.48) 10.72 (9.58 -11.71) 

 

 

 

5 Hazard Identification & Toxicological Assessment. 
 
 
In Appendix 1 (Volume 2) the toxicological hazard associated with the emission components 

of potential concern have been placed into major toxicological categories.  This appendix 

should be read in conjunction with Appendix 2 which presents additional health information 

associated with the sensitive endpoint upon which the guideline value was set. The data in 

Appendix 1 does not take into consideration the exposures necessary to cause the toxicity 

that has led to the categorisation.  Consequently, although a competent authority, or review, 

may consider the substance of being capable of causing the effect at some level of 

exposure, in reality exposures may never be high enough for it to be realised. 

 

There are many components that are irritants and may affect the upper respiratory tract 

(URT) should exposure be sufficient (see also Appendix 4, Volume 2). There are also some 
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that have the potential to affect central nervous system (CNS) function. Although there are 

eight substances considered to have reproductive toxicity properties, experience indicates 

that for most of these the doses required for this effect are very high.  

 

There are a number of substances that are known human carcinogens, or are regarded by 

the International Agency for Research on Cancer (IARC) as being probable or possible 

human carcinogens (Table 5.1), of these eight are genotoxic. For these latter substances it 

is commonly regarded for regulatory purposes there is no absolute safe level of exposure 

but there is some level of carcinogenic risk at any level of exposure. The level of this risk is 

calculated for each substance as described in Section 4.6.2.  

 

 

Table 5.1: Summary of carcinogenic substances in Pinjarra Refinery 
emissions. 

 
 
Substance 

 
IARC 

Classificationa

 
Genotoxicb

 
Substance 

 
IARC 

Classificationa 

 
Genotoxicb 

Acetaldehyde 2B Y Formaldehyde 2A Yd 

Arsenic 1 Y Nickel 1 Y 

Cadmium 1 Y PAHs 2A Y 

Benzene 1 Y Vinyl chloride 1 Y 

Dioxins 1 N    
a See Appendix 1 for the International Agency for Research on Cancer (IARC) classification scheme. 
1= Known human carcinogen, 2A = Probable human carcinogen, 2B = Possible human carcinogen. 
b Y= genotoxic, N = non-genotoxic. Only genotoxic carcinogens are evaluated by calculating 
carcinogenic risk. 
d Formaldehyde causes nasal tumours in rats exposed for their lifetime. The genotoxicity of 
formaldehyde is weak and probably only expressed when epithelial nasal tissue undergoes rapid 
replication as during repair of cytotoxicity induced by markedly irritating concentrations. It is 
recognised that high irritating and cytotoxic concentrations of formaldehyde are required to cause 
tumours and that if air levels are kept well below gross irritating levels formaldehyde presents little 
risk to humans (Lieplo & Meek 2002). 
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6 COPCs and Health Based Guideline Values. 
 
As described in section 4.3 two spreadsheets were provided by Environ/SKM for rthe 

modelled or calculated ground level concentrations:  

 
• "model_results_summary_final"   

These were for 22 emission components (NOx, NO2, CO, SO2, PM2.5, PM10, acetone, 
acetaldehyde, formaldehyde, 2-butanone, benzene, toluene, xylenes, PAHs, 
mercury, arsenic, selenium, dioxins, ammonia, manganese, cadmium, and nickel)  

 
• "GLCs based on dilution factors final"  

Based on the modelling of the top seven emission components minimum and 
maximum dilution factors were determined for each receptor location.  Using the 
minimum dilution factors, ground level concentrations for the 124 un-modelled 
emission components were calculated.  

 
 
Appendix 5 in Volume 2 details ground level concentrations at the four receptor locations 

identified in Section 4.4; i.e. at locations 1, 3, 4, and 7.  

 

Appendix 2 contains the tabulated information for the health guidelines located for the 

emission components. This data has been organised as follows: 

• Appendix 2.1: Substances for which no guidelines were located. 

• Appendix 2.2: Substances which have acute health effects guidelines. 

• Appendix 2.3: Chronic health affects guidelines. 

• Appendix 2.4: Chronic health affects guidelines – genotoxic carcinogen 

potency factors. 

 
Table 6.1 summarises the emission components at the refinery according to the number 

with predicted ground level concentrations at location 1 (i.e. where the highest 

concentrations occur) that are higher/lower than the ‘concentration of no toxicological 

concern (CoNTC, 0.03 µg/m3). 

 
 

Table 6.1: Segregation of identified emission components. 
 

Total number of chemicals emitted at refinery 141 
Total number of chemicals with GLC below CoNTC 84 
Total number of emitted chemicals considered as 
Contaminants of Potential Concern (COPC) 

57 

Total number of COPC with acute guidelines 20 
Total number of COPC with chronic guidelines 21 
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Table 6.2: Emission Components below the Concentration of No Toxicological 
   Concern (CONTC). 
 
methylcyclohexane 
2,4-dimethyl-3-pentanone 
methylcyclopentane 
1,2,3-trimethylcyclopentane 
bromomethane 
3-methyl-1-ethylbenzene 
trimethyl-1,3-cyclopentadiene 
1,2-dimethylcyclopentane 
1,2-dichloroethene 
2-methylpentane 
3-methylcyclopentane 
trimethylcyclopentadiene 
1,4-dimethyl-2-ethylbenzene 
cyclohexane 
carbon tetrachloride 
ethylcyclohexane 
1,2-dimethyl-1,3-cyclopentadiene 
1-methyl-2-ethylbenzene 
pentane 
3-methylcyclohexane 
2,3,5-trimethylfuran 
2-methylnaphthalene 
1,2,3-trimethylbenzene 
3,3-dimethy-1,3-cyclopentadiene 
diethylbenzene 
1-ethyl-4-ethylbenzene 
1-methylindan 
1,2,4-trimethylpentane 
1,2-dimethyl-3-ethylbenzene 
3,5-dimethylcyclopentane 
chloromethane 
ethylcyclopentane 
1-methyl-4-isopropylbenzene 
1,3-dichlorobenzene 
methyl cyclopentadiene 
nonane 
isopropyltoluene 
1,2-dichlorobenzene 
2,2,4-trimethylpentane 
n-butylbenzene 
carbon disulphide 
p-propylbenzene 
vinyl chloride (chloroethene) 
p-isopropyltoluene 
undecane 
1,1-dimethyllindan 
2-methyl-1-propenylbenzene 
bromochloromethane 

5-methylindan 
chlorobenzene 
1,2,3,4-tetrahydro-5-methylnapthalene 
decane 
3-hexanone 
2,2 dichloropropane 
chloroethane 
MPK 
3 methyl butanal 
benzaldehyde 
acetophenone 
heptane 
hexatriene 
ethynylbenzene 
indene 
biphenyl 
1-methylnaphthalene 
anthracene? 
phenanthrene 
pyrene 
acenaphthene 
fluoranthene 
9H-fluorene 
nitrobenzene 
phenol 
pyridine 
quinoline 
1H-indole 
benzofuran 
dibenzofuran 
benzonitrile 
acenaphthylene  
9H-fluoren-9-one 
DMS 
dimethylacetamide 
dimethylformamide 
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Table 6.2: Emission Components Considered as Contaminants of Potential  
    Concern a based on GLC > CoNTC. 
 
NOx 2-Methylpropanal 
NO2 assuming 25% of NOx is NO2 Tribromomethane 
CO Butanal 
SO2 Methylene chloride  
PM2.5 Benzaldehyde 
PM10 1,3,5-trimethylbenzene 
VOC Ethylbenzene 
Acetone Isopropanol 
Acetaldehyde Methacrolein 
Formaldehyde Hexane 
2-Butanone n-Propylbenzene 
Benzene 2-Methylbutane 
Toluene Tolualdehyde 
Xylenes Isopropylbenzene 
PAHs modelled as gas MIBK (methyl isobutyl ketone) 
Mercury Cyclopentadiene 
Arsenic (modelled as gas or particulates greatest 
value used in risk assessment) 

Naphthalene 

Selenium Iodomethane 
Pentanal Dioxins & Furans pg/m3 modelled as gas or ESP 

particle dist.  Hexanal 
Ammonia 2-hexanone 
Manganese & Cmpds Dichlorodifluromethane 
Cadmium & Cmpds Dimethyl disulphide 
Nickel & Cmpds Trichlorofluromethane 
Propanal 3-Methylpentane 
2-Pentanone Chlorodibromomethane 
1,2,4-trimethylbenzene sec-Butylbenzene 
Butenal Styrene 
Dibromomethane Acrolein 
a Bold print in the table indicates an acute and/or chronic health guideline is available for the 
substance. 
 
 

Of the 141 chemicals identified in the emissions at the refinery, many (84, Table 6.2) had 

predicted ground level concentrations below the CoNTC. Of the 84 chemicals emitted whose 

predicted ground level concentration is less than the CoNTC, 30 are predicted to have 

extremely low, for all practical purposes zero, ground level concentrations at the receptor 

locations modelled. Of the remaining 55 chemicals with modelled ground level concentration 

guideline values > 0 but < 0.03 µg/m3 (the CoNTC)  health guidelines were found for 6, and 

these guidelines were greater than the CoNTC (see also Addendum 1).  
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7 Risk Characterisation Results 

 7.1 Hazard Quotients and Hazard Indices. 

7.1.1 Acute 
 
Table 7.1.1 shows the acute hazard indices (HI’s) for the ‘base case’ and ‘upgrade’ 

scenarios derived by comparing predicted ground level concentrations at the four nominated 

receptor locations to acute or chronic health based guidelines considered protective of 

public health. Even using the maximum predicted one hour average ground level 

concentration the hazard index only slightly exceeded unity at location 1 and then only for 

the ‘base case’.  At all other locations the hazard index was less than one indicating little 

likelihood of adverse health effect from acute exposure to the combined emissions from the 

refinery. At receptor location 1 the predicted ground level concentrations are likely to be over 

predicted due to the dispersion model used and how it deals with the influence of the 

escarpment (see section 7.4.2).  

 
                            Table 7.1.1:  Acute Hazard Indices b.  
 

 Base case 
Total Acute HIa 

Upgrade 
Total Acute HIa 

 1 hr 
Maximum

1 hr 
95th% 

1 hr 
Maximum

1 hr  
95th% 

Receptor 
Location 1 

1.14 0.14 0.92 0.051 

Receptor 
Location 3 

0.59 0.065 0.56 0.018 

Receptor 
Location 4 

0.65 0.027 0.47 0.025 

Receptor 
Location 7 

0.59 0.033 0.53 0.029 

a. Hazard quotients for each emission component are presented in Appendix 3, Volume 2.  
b. Hazard index is based on maximum 1 hour concentrations. The major contributors to the 

hazard indices are Mercury, NO2, PM2.5 and PM10.the percentage contributions differ 
between receptor locations and exposure durations.  

 
 

There are at least three factors that need to be considered when interpreting the hazard 

indices associated with the highest modelled ground level emission concentrations. 

• The frequency of occurrence of the highest 1 hour concentrations and their 

relativity to the 95th percentile concentrations and associated hazard indices, and  

• The appropriateness and conservatism in the guidelines used to calculate the 

hazard quotient.  
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• The legitimacy of adding hazard quotients for compounds that have different 

toxicological effects, i.e. assuming there will be a toxicological interaction if co-

exposure occurs. 

  
The highest one hour average concentration occurs in a single hour in a year, the rest of the 

hours in the year have average ground level concentrations that are below the highest, this 

is for 99.99% of the time. Acute hazard indices associated with the 95th percentile ground 

level concentrations are 0.018 – 0.14 and indicate no cause for concern. For the majority of 

the year, in fact 95% of the year the hazard indices will be even lower. The 95th percentile 

hazard indices are approximately 8 – 24 times less than the hazard index for the highest one 

hour concentration for the ‘base case’ and 18 – 31 times less for the ‘upgrade’. 

  

From Table 7.1.2 it can be seen that NO2, mercury and arsenic are the greatest contributors 

to the acute hazard index for the highest one hour ground level concentrations of the base 

case, and for the upgrade scenario mercury is the largest contributor.  The individual hazard 

quotients for these substances are nonetheless well below unity and the acute health 

guidelines for these compounds have been established for different health endpoints (see 

Table A2.1 in Appendix 2). It is highly unlikely that NO2, whose guideline is set to protect 

against minor changes in pulmonary function, will influence the health outcomes of either 

arsenic or mercury exposure, guidelines for the latter being established to protect against 

adverse effects occurring in the foetus. Thus the addition of the hazard quotients for these 

substances overestimates the health risk.   

 

It is concluded there is little likelihood of an acute adverse effect occurring because: 

• All hazard quotients and hazard indices for all receptor locations, except location 1 

where GLC are most probably over predicted, are less than unity. 

• The highest concentrations are modelled from worst case emission assumptions and 

they will be rarely achieved. 

• The 95th percentile acute hazard indices are substantially below unity and 

approximately an order of magnitude less than the 1 hour maximum hazard indices, 

thereby supporting the notion that the latter will be rarely achieved. 

 
Since the receptor locations were chosen to reflect the worst exposure situations, it is 

unlikely acute health effects will be induced at other locations. This will include people 

travelling across the Alcoa buffer zone to/from the escarpment by car and travelling by train. 
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Table 7.1.2: Contribution of individual hazard quotients to the overall acute 

hazard index for the base case and upgrade scenarios at the 
highest modelled 1 hour ground level concentration. 

 

 Location 1 Location 3 Location 4 Location  7 

Base Case HQ % HQ % HQ % HQ % 

NO2 
0.286 25.1 0.184 31.1 0.16 23.7 0.185 31.3 

PM2.5 
0.077 6.7 0.031 5.25 0.18 27.4 0.058 9.9 

PM10 0.080 7.0 0.030 5.19 0.035 5.4 0.049 8.2 

Formaldehyde 0.049 4.3 0.020 3.4 0.015 2.4 0.022 3.8 

Mercury 0.28 24.2 0.20 33.3 0.17 25.7 0.14 24.1 

Arsenic 0.26 22.8 0.086 14.6 0.061 9.4 0.068 13.5 

HI 1.14 90.1% 0.59 92.8% 0.65 94% 0.59 90.8% 

Upgrade 

NO2 
0.289 31.5 0.19 33.8 0.16 32.9 0.19 35.7 

PM2.5 
0.058 6.4 0.025 4.5 0.029 6.2 0.049 9.2 

PM10 0.060 6.6 0.024 4.2 0.028 6 0.041 7.8 

Formaldehyde 0.051 5.5 0.022 3.9 0.018 3.9 0.023 4.4 

Mercury 0.32 35 0.23 40.5 0.20 40.5 0.17 31.5 

Arsenic 0.043 4.7 0.015 2.7 0.008 1.7 0.0082 1.5 

HI 0.92 89.7% 0.56 89.6% 0.47 91.2 0.53 90.1 
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7.1.2 Chronic 
 
The chronic hazard indices for the existing plant (base case) and the upgrade are all 

markedly less than unity (Table 7.1.3) indicating the likelihood of health effects from chronic 

exposure to the refinery emissions is unlikely.  

  

                        Table 7.1.3:  Chronic Hazard Indices for Non Carcinogens. 

 Base case 
Total Chronic 

HIa 

Upgrade case 
Total Chronic 

HIa 
Receptor 
Location 1 0.20 0.18 

Receptor 
Location 3 0.11 0.1 

Receptor 
Location 4 0.12 0.11 

Receptor 
Location 7 0.11 0.14 

a Hazard quotients for each emission component are presented in Appendix 3.  
 
 

 7.2 Irritation Index. 
 
The ability of a chemical to cause sensory irritation after an acute exposure to an emission 

can be assessed by comparison of the emitted concentration and an ‘irritation threshold’.  

The irritation threshold has been defined (Ruth 1986) as the concentration level where 

irritation begins. However some irritation thresholds record the concentration at which 50% 

of a test panel experience irritation. Sensory irritation response is generally considered to be 

additive or partially additive (Hau 2000). It is noted however, unlike odour, there is little 

empirical data to support the concept of significant additively between irritants. 

Nevertheless, using the assumption that sensory irritation is additive, an irritation index can 

be calculated where:  

 

Irritation index = Σ (concentration substance/irritant threshold) for all components 

 
The irritation index provides a semi-quantitative evaluation of the likelihood that a mixture of 

substances will be irritating. If the irritation index is substantially less than 1 then the 

emission is unlikely to present an irritation hazard, however if the irritation index is greater 

than 1 then an irritation hazard may exist that requires further assessment.  
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Appendix 4 details the evaluation of the emission for irritation potential.  In summary all of 

the predicted concentrations of individual emission components for which an irritation 

threshold was available were well below their respective irritation threshold. The total 

irritation index for each scenario and location were also below unity (see Table 7.2.1). 

 

The greatest contributors to the irritation index at each location were formaldehyde and 

benzaldehyde (25% formaldehyde and 50% benzaldehyde [Appendices A4.1 & A4.2]). The 

value of the irritation index suggests there is little likelihood that the emissions will cause 

sensory irritation to individuals who may be exposed. It is noted however that for a 

substantial number of emission components an irritation threshold could not be located; 

although this creates some uncertainty regarding the conclusion that sensory irritation is 

unlikely it is considered that for Locations 3, 4 and 7 the irritation index is so low that any 

other compounds that may be moderate to potent irritants (e.g. like the aldehydes) are 

accommodated.   

 

Table 7.2.1:  Irritation Indices for the highest 1 hour average ground level 
concentrations. 

 Base Case 
Total Irritation Indexa

Upgrade Scenario  
Total Irritation Indexa 

Location 1 0.15 0.16 
Location 3 0.057 0.058 
Location 4 0.049 0.053 
Location 7 0.069 0.07 

a Irritation quotients for each emission component are presented in Appendix 4. 
 

 

 7.4 Carcinogenic Risk 

7.4.1 Polyaromatic Hydrocarbons (PAHs). 
 
PAHs are genotoxic carcinogens and are assessed in this report by calculating the 

carcinogenic risk associated with the summed congeners using the range of benzo[α]pyrene 

equivalents for each congener as published by the WHO (1998). It should be noted this is a 

conservative approach as there is information to indicate that co-exposure to mixtures of 

PAHs often decreases the carcinogenic potency of the most potent PAH (usually 

benzo[α]pyrene) in the mixture (WHO 1998).  
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Given the complexity presented in the different assumptions and experimental approaches 

used to estimate carcinogenic risk of benzo[α]pyrene there are a range of cancer potency 

values (i.e. unit risk values) for benzo[α]pyrene that could be used to calculate cancer risk 

for the Pinjarra refinery (Table 7.4.1). For this risk assessment we have deferred to the latest 

value of 8.7 x 10-2 (µg B[α]P /m3)-1 quoted by WHO (2000) which represents a value for 

B[α]P derived from studies in coke-oven workers. 

 

 

Table 7.4.1 Range of Unit Risk Factors for Benzo[α]pyrenea 

 
WHO 1987, WHO 2000b 8.7 x 10-2 (µg B[α]P /m3)-1 

  
WHO 2000c 2 x 10-2 (µg B[α]P /m3)-1 
  
Sloof 1989a 0.1 (µg B[α]P /m3)-1 

  
Muller 1995a,b, 1996a 2.3 x 10-2 (µg B[α]P /m3)-1 

  
OEHHA 1999a 1.1 x 10-3 (µg B[α]P /m3)-1 

a Except for WHO (2000) these values are cited in WHO 1998 Environmental  
   Health Criteria No. 202 Selected non-Heterocyclic Polycyclic Aromatic  
   Hydrocarbons WHO, p 671-672. 
b Based on epidemiological evidence for lung tumours where B[α]P was  
   an indicator for air borne PAHs.  
c Based on animal data where B[α]P was present as part of a complex mixture. 

 
 
 
The PAH congener profile supplied to Toxikos is provided in Appendix 3.4 (Volume 2), Table 

A3.4.1; in this table the cancer risk calculated by applying the benzo[α]pyrene unit risk factor 

to the total benzo[α]pyrene equivalents of the PAHs emitted at the four receptors in the 

‘base case’ scenario  and the ‘upgrade’ scenario are presented. A summary of the 

carcinogenic risk attributed to potential exposure to PAHs is in Table 7.4.2 below.  The 

carcinogenic risk from airborne PAHs are all below the nominated acceptable risk of 1 x 10-6 

and also less than 1 x 10-5, which is used as an acceptable risk level for public health in 

some other jurisdictions (see Footnote 11).  
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Table 7.4.2: Summary of calculated cancer risk for ‘Base Case’ and ‘Upgraded 
Scenario’ predicted ground level concentrations of benzo[α]pyrene 
equivalents a.  

 
 ‘Base Case’ 

B(a)P Equivalence 
Cancer Riska 

Upgraded  Scenario  
B(a)P Equivalence 

Cancer Riska 
Location 1 

0.43 x 10-06 0.43 x 10-06 

Location 3 
0.12 x 10-06 0.12 x 10-06 

Location 4 
0.15 x 10-06 0.15 x 10-06 

Location 7 
0.088 x 10-06 0.085 x 10-06 

a Calculation of benzo(a)pyrene equivalents and cancer risk for each location is  
detailed in Appendix 3.4. 
 
 

Monitoring of VOCs at the Alcoa Pinjarra refinery 14 revealed only the presence of 

naphthalene in emission streams, however monitoring 15 at the Alcoa Wagerup refinery, 

using a different but more applicable analytical method for PAHs, showed other PAH 

compounds to be present in Wagerup emissions. At Wagerup naphthalene was 57.5% of 

the total PAH. Since there are many reasons to believe the fundamental nature and 

composition of the emissions to atmosphere at the Wagerup and Pinjarra refineries, 

including the speciation of compounds, are the same it was assumed the total PAHs 

modelled for the Pinjarra refinery represent only 57.5% of the actual total PAH emitted. 

Potential ground level concentrations for the presumed missing PAHs at Pinjarra were 

therefore calculated from the relative percentage of naphthalene to the total PAH in the 

Wagerup emissions as follows 16: 

  

                        
eNaphthalen

PAH
eNaphthalenPAH positionPercentCom

positionPercentCom
GLCGLC ×=  

 

Since the resulting carcinogenic risks are below the target acceptable cancer risk adopted 

for this risk assessment it is considered there is not an immediate imperative to measure the 

actual emissions of PAHs from the Pinjarra refinery at this time. This opinion is supported by 

                                                 
14 Using US EPA Methods 0030 & 18 (email from K. Hinkley, Environ on 8th October 2003). 
15 For Semi-Volatile Organic Compounds (SVOCs) using US EPA Modified Method 5 (email from K. 
Hinkley, Environ on 8th October 2003). 
16 Emails from K. Hinkley, Environ on  8th October 2003  and 14th October 2003. 
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the conservatism embodied with the use of the Ausplume model for predicting ground level 

concentrations at Location 1, i.e. at the escarpment. Predicted annual average 

concentrations for arsenic at this location decreased by a third when Calpuff rather than 

Ausplume was used for modelling 17 (see Section 7.4.2). Calpuff is the more appropriate 

model for use at Location 1 (SKM 2003). Modelling of emission constituents other than 

arsenic was not undertaken at Location 1, but it is expected predicted ground level 

concentrations for other components would decrease by a similar amount as for arsenic.  

 

 

7.4.2 Total carcinogenic risks. 
 

The carcinogenic risk associated with the modelled ground level concentrations from the 

Pinjarra facility are presented in Tables 7.4.1 and 7.4.2, and in Appendix 3.3. All 

carcinogenic risks due to individual emission components are less than the nominated 

acceptable risk level, except for arsenic in the ‘base case’ scenario and at only at receptor 

location 1, where it is marginally higher at 1.67 in a million life time excess carcinogenic risk. 

Carcinogenic risks due to individual chemicals in the upgraded scenario are all less than the 

target risk level chosen for this assessment. 

 

Since many of the genotoxic carcinogens in the modelled emissions have the respiratory 

system (nasal epithelium or lung) as target sites of cancer formation it is legitimate to sum 

the carcinogenic risk of individual emission components. The sum of all the cancer risks of 

individual chemicals at location 1 in the ‘base case’ scenario is higher than the target risk 

level (Table 7.4.1) due to arsenic.  Arsenic accounts for approximately 63% of the calculated 

carcinogenic risk with nickel, acetaldehyde, benzene and PAHs each contributing 

approximately 5%, 6%, 9% and 16% respectively.  

 

As with all dispersion modelling of industrial emissions, there is an inherent level of 

uncertainty in predicting ground level concentrations, especially when the sources of 

emissions are diffuse, not readily quantified and there is an area of unusual terrain within the 

modelled domain. It is known the Ausplume model tends to over predict ground level 

concentrations when features such as escarpments create meteorological 

microenvironments. To obtain an indication of the influence that choice of dispersion model 

may have on the ground level concentrations near the escarpment the Calpuff model, 

                                                 
17 Email from K. Hinkley, Environ on 24th October 2003.  
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arguably more suited to cope with the terrain, was also used to predict ground level 

concentrations of arsenic at Locations 1 and 12 (SKM 2003). It was found the predicted 

ground level concentrations of arsenic decreased by approximately a third at each Location 

1 and approximately by 50% at Location 12 (Table 7.4.3). The influence that this has on the 

overall carcinogenic risk at Location 1 is shown in Tables 7.4.1 and 7.4.2 for the ‘base case’ 

scenario and ‘upgrade’ scenarios respectively. Total carcinogenic risk decreased. Although 

other components of the emissions from the refinery were not modelled it is anticipated 

similar decreases in predicted ground level concentrations would occur, thus lowering the 

overall cancer risk associated with potential exposure to the emissions at this site.  

 

     Table 7.4.1: Cancer risks associated with Base Case emissions. 
 

Substance Cancer Risk  
RL 1 

Cancer Risk  
RL 3 

Cancer Risk  
RL 4 

Cancer Risk 
RL 7 

Acetaldehyde 0.17 x 10-6 5.04 x 10-8 6.89 x 10-8 4.78 x 10-8 
Benzene 0.23 x 10-6 7.74 x 10-8 9.30 x 10-8 5.90 x 10-8 
PAHs  0.43 x 10-6 1.19 x 10-7 1.52 x 10-7 8.79 x 10-8 
Arsenic 1.67 x 10-6 3.80 x 10-7 4.01 x 10-7 3.00 x 10-7 
 (0.56 x 10-6) a    
Cadmium  4.50 x 10-8 1.03 x 10-8 1.08 x 10-8 7.92 x 10-9 
Nickel  0.13 x 10-6 3.40 x 10-8 4.64x 10-8 2.88 x 10-8 
Vinyl Chloride 8.00 x 10-12 2.39 x 10-12 3.82 x 10-10 1.74 x 10-12 
TOTAL   2.67 x 10-6 0.67 x 10-6 0.77 x 10-6 0.53 x 10-6 
 (1.56 x 10-6) a    

a Ground level concentrations near the escarpment, i.e. at Location 1, are over predicted by 
Ausplume, risks associated with ground level concentrations of arsenic predicted by Calpuff (a more 
appropriate model for the terrain) are in brackets. 
 
 
     Table 7.4.2: Cancer risks associated with Upgrade Scenario emissions. 
 

Substance Cancer Risk  
RL 1 

Cancer Risk  
RL 3 

Cancer Risk  
RL 4 

Cancer Risk 
RL 7 

Acetaldehyde 0.13 x 10-6 3.66 x 10-8 5.00 x 10-8 3.83 x 10-8 
Benzene 1.84 x 10-8 5.41 x 10-9 7.38 x 10-9 6.54 x 10-9 
PAHs  1.10 x 10-8 3.19 x 10-9 4.35 x 10-9 3.34 x 10-9 
Arsenic 0.35 x 10-6 7.50 x 10-8 9.00 x 10-8 7.50 x 10-8  
 (0.12 x 10-6) a    
Cadmium  9.13 x 10-9 2.25 x 10-9 2.41 x 10-9 1.82 x 10-9 
Nickel  2.52 x 10-8 6.35 x 10-9 8.02 x 10-9 5.36 x 10-9 
Vinyl Chloride 8.69 x 10-12 2.36 x 10-12 3.00 x 10-12 1.70 x 10-12 
TOTAL   0.54 x 10-6 0.13 x 10-6 0.16 x 10-6 0.13 x 10-6 
 (0.31 x 10-6) a    

a Ground level concentrations near the escarpment, i.e. at Location 1, are over predicted by 
Ausplume, risks associated with ground level concentrations of arsenic predicted by Calpuff (a more 
appropriate model for the terrain) are in brackets. 
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In the upgrade scenario the total cancer risk at Location 1 is less than the target risk level of 

1 x 10-6 when either the Ausplume or Calpuff models are applied to predict ground level 

concentrations (Table 7.4.2).  

 

 

Table 7.4.3: Influence of model on predicted ground level concentrations a at 
locations near the escarpment (µg/m3). 

 
 

Emission Scenario 
 

Location Ausplume 
model 

Calpuff 
model 

1 0.00111 0.00037 ‘Base case’ 
12 0.00086 0.000465 
1 0.00023 0.0000796 ‘Upgrade’  

12 0.00020 0.000092 
a Data provided by K. Hinkley, Environ in email 24th October 2003. 

 

 7.5 Dioxins 
 
Whether modelled as a gas or particulates the predicted annual average ground level 

concentration for dioxins showed little variation; the predicted ground level concentrations 

being between 1.4 x 10-11 to 8.6 x 10-11 µg TEQ/m3 (Appendix 5); i.e. 1.4 x 10-5 to 8.6 x 10-5 

pg TEQ/m3.  In this risk assessment Toxikos has used the highest of any of the 

concentrations that occurred by either modelling method and at any of the modelled receptor 

locations. This was at location 1 for the ‘upgrade’ scenario. It is noted however there is 

virtually no difference between the ‘base case’ and the ‘upgrade’ scenarios since at Location 

1 the highest predicted ground level concentrations were 8.1 x 10-5 pg TEQ/m3 and 8.6 x 10-5 

pg TEQ/m3 respectively.  

 

Dioxins have long biological half lives (approx 7 – 10 yrs, NHMRC 2002) and it takes 

approximately 30 – 40 years for steady state body burdens to be achieved. To emphasise 

the relatively long time frames required for exposure to dioxin like substances before effects 

are likely to occur the Australian NHMRC/TGA recommend 18 (NHMRC 2002) a monthly 

tolerable intake of 70 pg TEQ/kg bw; this is instead of the more common Tolerable Daily 

                                                 
18 The TGA recommendation for a tolerable monthly intake of dioxin-like substances for Australians is 
based on deliberations of the WHO (1998), EC-SCF(2001) and JECFA (2001) and was endorsed by 
the NHMRC on 24th October 2002. The guideline was established through the NHMRC process to 
ensure national acceptability. The report upon which the guideline is based underwent public 
consultation processes and was subject to external review before finalisation. This health reference 
value for dioxin-like substances is the appropriate value for use in risk assessments for Australia.  
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Intakes recommended for most other substances. There are no official estimates for 

background intake of dioxin like substances for Australians; as discussed in Section 4.7, a 

background dioxin intake of 1.4 pg TEQ/kg bw/d from NZ data has been used. This daily 

estimate is likely to be an overestimate since breast milk concentrations for Australian 

women, an indication of body burden are approximately 20% lower than for NZ women (Van 

Leeuwen and Malisch 2002).  

 

Hence monthly background intake = MBI  
             = Daily Background Intake x 30  
             = 1.4 pg/kg bw/d based on NZ data x 30d 

                   = 42 pg I-TEQ/kg /d. 

 

The average amount of air breathed per day by a 70 kg adult is 20 m3, therefore at the 

highest ground level concentration of 8.6 x 10-5 pg TEQ/m3 and assuming 100% absorption 

across the lungs, the monthly dose of absorbed dioxin is: 

 8.6 x 10-5 pg TEQ/m3 x (20m3/d x 30d)] ÷ 70kg  

= 7.4 x 10-4 pg TEQ/kg bw. 

= 0.00074 pg TEQ/kg bw 

 

Thus the dioxin dose from direct inhalation is 0.002% of background intake and is therefore 

a negligible contributor to total dioxin intake and body burden. 

 

It is noted the toxic equivalency factors used for calculating the TCDD TEQ equivalency of 

the dioxin content of Pinjarra emissions were NATO values and not WHO98 values. Toxikos 

was unable to convert the data because the conger profile had not been provided. 

Nevertheless it is not expected that the use of WHO98 values will change the outcome of the 

assessment. 

 

 7.6 Ground Level Concentrations and “Air Toxics” 
 
In May 2003 the National Environment Protection Council (NEPC) released a draft National 

Environment Protection (Air Toxics) Measure (NEPM) for public consultation 19. Toxikos has 

been requested to compare the predicted ground level concentrations at the Locations 

around the Pinjarra refinery with this draft NEPM.  It is noted the public consultation phase 

                                                 
19 National Environmental Protection (Air Toxics) Measure. Draft NEPM for Public Consultation May 
2003 http://www.ephc.gov.au/nepms/air/air_toxics.html  
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for this NEPM has not been completed and the NEPM not finalised, it is highly likely the 

“investigation values” in the NEPM will change. In addition the “investigation levels” of the 

NEPM and the averaging times to which they apply are not health guidelines intended to be 

used for assessing health impacts of the ‘air toxics’; the NEPM values are intended to be 

used as measurement references for the jurisdictions while they gather data over the next 

eight years.  Nevertheless a comparison is presented for Location 1 in Table 7.6.1; it can be 

seen that the predicted ground level concentrations are substantially below the draft NEPM 

investigation levels.  Location 1 has the highest predicted ground level concentrations. 

 

Table 7.6.1: Comparison of predicted ground level concentrations at receptor 
location 1 with the draft ‘investigation guidelines of the ‘Air Toxics NEPM. 

 
Predicted GLC  

(µg/m3) 
 

Compound 
Draft NEPM 

“investigation 
level”. 

 

 
Averaging 

period  
‘Base case’ 

 
“Upgrade’ 

Benzene 0.003 ppm 
(9.6 µg/m3) 

Annual 
average 

0.038 0.0031 

Benzo(α)pyrene 
as marker for 
PAH 

0.3 ng/m3 
(0.0003 µg/m3) 

Annual 
average 

 
0.0000049a 

 
0.000005a 

Formaldehyde 0.015 ppm 
(18 µg/m3) b 

24 hours  
4.87c    (0.68)d  

 
5.06c    (0.72)d 

Toluene 2 ppm 
(7,530 µg/m3) b 

24 hours  
21c        (1.98)d 

 
8.62c    (0.89)d 

Xylenes 0.2 ppm 
(868 µg/m3) b 

24 hours  
4.8c     (0.48)d 

 
3.93c   (0.40)d

a Benzo(α)pyrene was not detected in emissions, total B(α)P equivalents for the summed PAHs are 
presented in the table. 
b Conversion from ppm to µg/m3 has been done assuming normal temperature and pressure (NTP: 
250C and 760 torr) by the equation µg/m3 = (ppm x MW x 103)/(24.45).  
c Maximum one hour average ground level concentration (from spread sheet 
“model_results_summary_final” supplied by Environ). 
d Maximum 24 hour average from modelled maximum emissions (from spread sheet 
“model_results_summary_final” supplied by Environ). 
 
 
 

8 Uncertainties. 
 
In assessing the potential risks associated with assumed exposure to emissions from the 

Pinjarra refinery uncertainties associated with the assessment need to be considered. The 

risk assessment process involves a number of steps (e.g. exposure assessment, toxicity 

assessment and risk characterisation), each of which incorporates the use of assumptions 

and simplifications. Without such assumptions and simplifications it would not be possible to 
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quantitatively evaluate the potential for health effects. Although uncertainties in the risk 

assessment may influence its accuracy, reliability and interpretation, the assumptions used 

herein to cope with the uncertainties err on the side of safety and therefore tend to over 

predict the risks.  

 

A general qualitative discussion of the major uncertainties associated with the risk 

assessment is provided in this section. For this risk assessment the uncertainties fall into the 

following major categories.  

• Exposure estimation, 

• Receptor specific, 

• Contaminant specific. 

 

Elsewhere in the report, when particular risks, chemical classes or health endpoints are 

discussed/assessed, additional specific discussion of the uncertainty is provided. Table 8.1 

presents a listing of the major areas of uncertainty and the potential effect on the 

assessment of health risks calculated in this report.  

 

Table 8.1: Uncertainties in the risk assessment and potential effect on HRA 
outcome. 

Uncertainty/Assumption Comment Effect on Risk Assessment

Exposure Estimation 
Identification & quantification 
of emissions. 
Some emission components 
may not have been identified or 
quantitated. 

 

 

 
 

It is unlikely significant emission 
points or components have 
been overlooked. Emissions 
from the Alcoa Wagerup 
refinery have been extensively 
characterised and this 
knowledge has been 
transferred to Pinjarra. 
Analytical techniques have the 
capability of measuring a 
multitude of VOCs but only 
relatively few have been 
detected. However some 
emissions at Pinjarra have not 
been extensively investigated, 
to compensate data from 
Wagerup has been adapted 
(e.g. PAHs, Section 7.4.1).  

 

 
It is possible the extent of 
emissions has been 
underestimated. However the 
likelihood is minimal & the 
impact on the risk calculations 
minimal since any ‘missing’ 
emission components will be 
minor constituents and 
predicted GLCs below the 
CoNTC.  
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Uncertainty/Assumption Comment Effect on Risk Assessment

Prediction of GLCs. 
Use of dispersion modelling to 
predict ground level 
concentrations. 

Modelling techniques contain 
inherent uncertainty. To 
compensate maximum as well 
as 95th percentile GLCs are 
used in the HRA. Where there 
was a choice of GLC from 
differing modelling 
assumptions, the highest GLC 
has been used. 

The difference between the 
maximum & 95th percentile 
hazard indices is more than an 
order of magnitude. However 
even use of maximum predicted 
GLCs shows little likelihood of 
adverse health effects. The 
uncertainty in modelling is 
biased towards overestimation 
of GLCs, as shown by use of an 
alternate model for Location 1 
(Section 7.4.2). 

Variability in emission levels. Inherent variability in refinery 
emissions is linked to variability 
in process throughput; this has 
been compensated by using 
peak, not average, production 
volumes to predict GLCs for 
evaluation of acute health 
effects. 

GLCs are over estimated and 
hence the risk calculations 
conservative i.e. err on the side 
of safety.  

Background Exposures 
In some situations background 
intakes of pollutants may 
contribute significantly to overall 
exposure. 

 
Background exposures for the 
majority of emission 
components are unknown but 
likely to be tiny (Section 4.7). 
Conservative background 
intake of dioxin like compounds 
is assumed. 

 
Impact of background on acute 
& chronic risk estimates is 
minimal. Total intake of dioxin 
like substances is over 
calculated; nevertheless 
adverse health effects are 
unlikely (Section 7.5). 

Receptor Uncertainty 
Receptors within the dispersion 
zone have not been 
characterised with respect to 
demographics or susceptible 
traits.  

 
It is not usual to characterise 
the exposed population in a 
HRA of this nature. The use of 
public health air guidelines 
established to account for the 
variability in human response 
largely compensates for the 
lack of receptor 
characterisation. Nevertheless 
the potential presence of 
unusually responsive 
individuals is not known, and is 
unable to be known with 
certainty using standard 
demographic survey 
techniques.   

 
Impact on the conclusions of 
the HRA is minimal. However it 
is recognised there may be a 
very small, unlikely, possibility 
of an adverse health reaction if 
unusually sensitive individuals 
are exposed. This is no different 
than any other public health 
assessment using regulatory 
guideline values.  
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Uncertainty/Assumption Comment Effect on Risk Assessment

Contaminant Uncertainty 

Defining toxicological 
potency of emission 
components. 
Dose response relationships. 

 
Dose response relationships of 
individual emission components 
have not been evaluated. The 
HRA relies on regulatory 
guidelines established to 
protect public health. While 
summary information regarding 
NOELs and safety factors is 
provided (Appendix 2) an 
assessment of the whether the 
guideline specifically considers 
sensitive subgroups has not 
been done. 

 
It is possible health guideline 
values used to characterise risk 
may not be protective of 
sensitive sub-groups in the 
exposed population. However 
given the large margins of 
safety between the NOEL and 
guideline for the majority of 
emission components it is 
unlikely the guidelines used will 
not protect all or nearly all 
individuals.   

Health guideline values Calculation of risk is very 
sensitive to the numerical value 
of the health guideline 
reference values. These are 
subject to science policy 
judgments of various regulatory 
regimes and are influenced by 
the legislative arenas.  For 
these reasons, wherever 
possible Australian accepted 
data has been employed in the 
calculations in this report as 
recommended by enHealth 
(2002). 

Where ever possible Australian 
or WHO guideline values have 
been adopted. However values 
from other regulatory regimes 
have been used, but only if they 
are regarded being competent 
& the aim of the guideline is 
protection of public health (e.g. 
cal EPA, US EPA, RIVM). It is 
unlikely the HRA 
underestimates risk due to the 
use of an inappropriate 
guideline. 

Components of unknown toxicity. There are a large number of 
emission components for which 
no regulatory guideline exists. 
For substance with very low 
GLCs the CoNTC has been 
established. The toxicological 
potency of other substances is 
unknown, however the mere 
fact a guideline does not exist 
suggests these substances are 
not of high toxicological 
potency.  

The HRA captures the vast 
majority of the mass of 
emissions from the refinery. 
This uncertainty has the 
potential to cause an 
underestimation of the 
calculated risk; however it is 
unlikely a substance of high 
toxicological potency has been 
overlooked. See also Section 
4.5 and Addendum 1. 

Interactive health effects 
between emission components.  

Regardless of effect or mode of 
toxicological action additivity of 
either dose or effect is assumed 
to occur between emission 
components. See Section 4.6. 

This practice causes the HRA to 
overestimate the risks to 
combined exposure to emission 
components. It compensates for 
those components of unknown 
toxicity.  
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10 Addendum 1: Derivation of the Concentration of No 
Toxicological Concern (CoNTC).  

 
 
9.1 Introduction and background. 
 
The concentration of no toxicological concern (CoNTC) is developed from the notion that 

very low levels of chemicals in air are intuitively, and according to common sense not of a 

health concern. In addition on the basis of classical pharmacological and toxicological 

concepts of dose response, scientific opinion has long held the view that exposure to trace 

levels of chemicals represents at most, a trivial risk.  However in the past it has been difficult 

to determine the concentration at which it is possible to objectively state a health impact is 

very unlikely, i.e. there is trivial risk, without conducting a formal risk assessment on the 

substance. This is problematical for compounds which have no air quality criteria assigned, 

for which regulatory agencies have not derived estimates of toxic potency, or for compounds 

that do not have sufficient toxicological information upon which a guideline value can be 

based. In addition it is impractical to develop guideline values for all minor components 

present in industrial emissions even if the data were available to do so.  

 

There is regulatory precedence for being able to legitimately regard small exposures to 

chemicals of known toxicological potency as being of potential health concern; this is the 

reason why standards protective of public health are created, the standards are based upon 

the concentration or dose of chemical that is without adverse health effect. In this case 

‘small’ is regarded as being less than the guideline criteria. 

 

There is also precedence for legitimately discounting very small exposures to chemicals with 

no health guideline and/or of unknown toxicological potency as being of no health impact 

and therefore of no concern. The concept a generic threshold intake for toxicity is used by 

the US Food and Drug Administration (FDA) and the European Commission (EC) to decide 

when they should consider the need for health risk assessments and/or possible regulatory 

action for contaminants in food. Although muted for many years as a pragmatic solution for 

addressing low concentrations of additives in food (Munro 1990, 1996; Frawley 1967), the 

concept was first developed in a regulatory sense by the US FDA (1995, CFR 2001), and 

has been adopted the European Commission (EC 2003), to address chemicals migrating 

from plastic packaging into food. The concept has also been adapted by Wilson et al (2000) 



                                                        Page 47 of 55                                      TR121003-RJF1 

for derivation of soil risk management criteria for chemicals of unknown toxicological hazard 

and/or potency at contaminated sites and is applied by the Joint FAO/WHO Expert 

Committee on Food Additives (JECFA) to evaluate flavouring substances (Munro et al 1999, 

WHO 1996). 

 

There are direct parallels between the risk assessment issues of low concentrations of 

substances in food and soil, whose potential for causing health effects is unknown, with 

minor components of industrial emissions whose toxicological profile is also unknown but 

nonetheless after dispersion may be present in the breathing zone of an individual at very 

low concentrations. But what is a low concentration? The notion of a ‘Concentration of No 

Toxicological Concern’ (CoNTC) for airborne chemicals is developed herein as a screening 

tool for inclusion, or not, of minor components of emissions in the direct inhalation exposure 

pathway for the health risk assessments of industrial emissions. It is applied to those air 

emission components which have very low ground level concentrations. In this risk 

assessment the concept has not been applied to the evaluation of irritancy potential of 

emissions or to the assessment of risk from genotoxic carcinogens. These substances have 

been included in the formal risk assessment regardless of whether their predicted ground 

level concentration is less than the CoNTC.  

 

The CoNTC has been developed by: 

• considering the US FDA intake level of no toxicological or regulatory concern,  

• apportioning a fraction of the generic intake of no concern to intake by inhalation, 

• the amount of air breathed by an individual during various life stages, and 

• the ensuing intake of a substance assuming 100% absorption across the lungs. 

 

 

9.2 The US FDA Regulatory Level of No Concern. 
 
After analysing the toxicological data on hundreds of carcinogenic and non-carcinogenic 

substances, the US FDA (1995, CFR 2001) and other leading researchers (Munro et al 

1996, 2002) have concluded that, if no toxicological data is available on a chemical, intakes 

of 1.5 µg/person/d, equivalent to 0.00002 mg/kg bw/d (0.02 µg/kg bw/d for a lifetime average 

body weight of 70 kg) are unlikely to result in appreciable health risk even if the substance 

was later found to be a carcinogen.  The derivation of this threshold is based on an analysis 

of a Carcinogenic Potency Data Base for 500 carcinogens tested in 3,500 experiments. The 
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distribution of the chronic dose rates to be able to induce tumours in half the test animals 

was calculated and transformed to a distribution of exposure corresponding to a risk of 1 x 

10-6. As a result the FDA indicated that at an intake of 1.5 µg/person/d the carcinogenic risk 

is so negligible that it is not expected to present a health concern (FDA 1995).  

 

In relation to establishing the threshold of toxicological concern, an evaluation of 

toxicological databases has also been undertaken for non-carcinogenic endpoints (Munro et 

al 1996, 1999, Kroes et al 2000).  In these evaluations some 900 non-carcinogenic organic 

chemicals were assigned to three ‘classes’ based on their chemical structure, presence of 

structural alerts for toxicity and known metabolic pathways. In Class I are substances of 

simple chemical structure with known metabolic pathways and innocuous end products 

which suggest a low order of toxicity. Class II contain structures that are intermediate, they 

are chemicals that are less innocuous, they may contain reactive functional groups but do 

not contain the structural features suggestive of toxicity. Chemicals were placed in Class III 

if their structural features and/or likely metabolic pathways permit no strong presumption of 

safety, or may even suggest significant toxicity. The 5th percentile NOEL of these ‘classes’ 

were divided by a safety factor of 100 to yield threshold of toxicity values that are somewhat 

higher than that created by the US FDA for carcinogens (see Table A1).   

 

The threshold of toxicity concept was reviewed by the EC Scientific Committee for Food 

(SCF 1996) who questioned whether neurotoxic, developmental, immunotoxic, allergic 

reactions or endocrine activities could occur at low dose levels. The International Life 

Sciences Institute (ILSI) Europe initiated an expert group to compile and evaluate the 

available literature for these endpoints and to explore whether there are reasons to assume 

such endpoints may have thresholds below the proposed generic threshold of 0.02 µg/kg/d 

(Kroes et al 2000). It was found the thresholds for these endpoints were similar to that of the 

Class III compounds of Munro et al (1996, 1999) or, in the case of neurotoxicity slightly more 

sensitive. The latter was driven by the organic phosphate esters and the inhibition of 

cholinesterase. Although on relatively limited data, it was concluded that immunotoxicity was 

not a more sensitive end point than other endpoints. Thus all these potential health effects 

are accommodated by the generic threshold of toxicity level of 0.02 µg/kg/d established by 

the FDA for carcinogens. It was concluded by the expert group that intake at or below this 

level provides adequate safety assurance.  

 

Thus for non- carcinogenic compounds without structural alerts for genotoxicity or 

mutagenicity higher thresholds of toxicological concern may be developed (Table A1, Kroes 
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and Kozianowski 2002).  However in this risk assessment a distinction between compounds 

based on chemical structure has not been invoked and the generic threshold of toxicity from 

the US FDA analysis of the carcinogenicity potency data base has been used as the starting 

point for derivation of the CoNTC.  

 

 

Table A1: Thresholds of toxicological concern for chemical ‘Classes’ and 
certain toxicological endpoints. 
 

Chemical Class/ 
Toxicological endpoint 

5th  Percentile 
NOEL (mg/kg/d) 

Intake for human 
toxicological 
threshold a 

(µg/kg/d) 

 
Reference 

Structural Class I 
 

3 30 Munro et al 1996, 1999 

Structural Class II 
 

0.91 9 Munro et al 1996, 1999 

Structural Class III b  
 

0.15 1.5  Munro et al 1996, 1999 

Developmental toxicity 
  

2,076 21 Kroes et al 2000 
Kroes & Kozianowski 
2002 

Neurotoxicity 
 

18 c 0.18 Kroes et al 2000 
Kroes & Kozianowski 
2002 

Genotoxic 
carcinogenicity 

5th percentile 
associated with 10-6 

carcinogenic risk 

0.02 US FDA 1995 
CFR 2001 

a Calculated by dividing the 5th percentile NOEL by a safety factor of 100.  
b Substances whose structure or presumed metabolism permit no strong presumption of safety, or 
even suggest significant toxicity.  
c This NOEL is driven by inhibition of cholinesterase by  phosphate esters.  
 

 
 
9.3 Calculation of the Concentration of No Toxicological Concern (CoNTC). 
 

The concentration of no toxicological concern (CoNTC) is established from the US FDA 

threshold of toxicity for carcinogens (0.02 µg/kg/d) by assuming 100% absorption across the 

lungs and an average lifetime daily breathing rate calculated from anthropogenic data for 

each life stage (Table AA2). 
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Table AA2: Daily respiratory rates for time spent outdoors and indoors.   
 
Age  
(years) 

 
Outdoors  
light activity  

            

 
Indoors lying  
 

               

 
Indoors sitting/ 
standing/ walking   
                   

Total age 
weighted 
volume of 
air 
breathed. 

Time 
weighted 
body 
weight  

 Hr/d   mv   m3/d Hr/d   mv     m3/d Hr/d     mv       m3/d m3/d  

0 –1  0                         0 16          1.5       1.44   8           4.2           2.02  3.5 8 

2 – 5 5        10.5       3.15 10          6.19     3.71   9           6.7           3.22  10.1 15.4 

6 – 15 5         14         4.2  8            7.51     3.6   11         8.5           5.61  13.4 32.4 

16 – 70b 6.85    24         9.86 8            8.93     4.28  9.15      10.6           5.82 20 70 

 a Inhalation rate (IR x)( m3/d) = exposure frequency(Ef) (hours/d) x minute volume (mv) (L/min) x 60 min 
/1000 during activity. Minute volumes were obtained from Langley (1996) for the activities described in the above 
table. 
b Assumed these individuals are outside working for a maximum of 8 hrs per day  6 days per week = 48 
hours/week, i.e. average of  6.85 hrs/d. 

 
Average lifetime daily intake of substance (ADI) (µg/kg/d) for each life stage  

 = Ca (µg/m3) x IR (m3/d) x ED (yr) x EF (d/yr)/BW (kg) x L (d) ………………Equation 1 
Where Ca = Air concentration of substance (µg/m3). 
            IR = Inhalation rate (m3/d), see above Table. 
            ED = Exposure duration = life stage interval (yr). 
            EF = Exposure frequency (d/yr), assumed to be all day every day per year, i.e. 365. 
            L = Lifetime (70 x 365d).   
 
Time weighted average daily intake (TWADI) for a lifetime (0 – 70 yrs). 
 
TWADI (0-70) = TWADI (0-1) + TWADI (2-5) + TWADI (6-15) + TWADI (16-70)   
Substituting specific life stage parameters from Table AA1 into Equation 1 
 
TWADI (0 – 1) = Ca x 3.5 x 1 x 365/8 x 70 x 365 = 0.00625 
TWADI (2 – 5) = Ca x 10.1 x 4 x 365/15.4 x 70 x 365 = 0.035 
TWADI (6 – 15) = Ca x 13.4 x 10 x 365/32.4 x 70 x 365 = 0.059 
TWADI (16 – 70) = Ca x 20 x 55 x 365/70 x 70 x 365 = 0.224 
 
TWADI (0-70) = 0.0063Ca + 0.035Ca + 0.059Ca + 0.224Ca 
                    = 0.324Ca 
TWADI (0-70) = 0.324 (m3/d.kg-1) x Ca (µg/m3) ……………………………….Equation 2 
                    
 

 

The regulatory intake of no concern is a daily intake of 0.02 µg/kg over a lifetime (see 

Section 9.2); if 50% of this is apportioned to air then the average daily intake allowed from 

air is 0.02 x 0.5 = 0.01 µg/kg/d.  



                                                        Page 51 of 55                                      TR121003-RJF1 

 

Substituting 0.01 µg/kg/d for TWADI (0-70) in equation 2 to solve for the concentration (Ca) 

that is without harm; 

 
               0.01 µg/kg/d = 0.324 (m3/d.kg-1) x Ca (µg/m3),  
 
Hence;      Ca (µg/m3) = (0.01µg/kg/d)/(0.324 m3/d.kg-1)  
                                   = 0.03 µg/m3  
 
 
Conclusion: The screening criterion for minor substances in emissions is a 
modelled average ground level concentration of 0.03 µg/m3 as a 24 hour average. 
However for pragmatic reasons for the air dispersion modeller this can be 
transformed to a 1 hour average number of 0.05 µg/m3 as a 1 hour average using 
Turner’s Power Rule.  
 
However for extra conservatism the CoNTC has been applied in this risk assessment 
as 0.03 µg/m3 regardless of time of exposure.  
 
 
 
 

9.4 Potential impact of the CoNTC on the risk assessment. 
 

It is stressed the ‘Concentration of No Toxicological Concern’ is not a dividing line between 

an exposure being safe or unsafe. Exposures may be substantially higher than the CoNC 

and present no health risk, on the other hand the CoNC has been derived in such a manner 

that exposure to concentrations at or below this level are, with a high degree of confidence, 

unlikely to cause adverse health effects.  

 

• It is noted that where background concentrations of chemicals of potential concern 

are available, with the exception of some metals (Cd & Hg), they are all higher than 

the screening CoNTC (See Appendices A2.2 & A2.3). In this risk assessment 

cadmium and mercury are included in the formal quantitative risk assessment. It is 

appreciated the background concentrations listed in Appendices A2.2 & A2.3 are 

data for Europe (WHO 2000). Nevertheless, since the CoNTC is lower than the 

reported European background concentrations of most of the substances identified 

as being of interest for the health risk assessment, it follows that concentrations 

present at the CoNTC are unlikely to cause an incremental increase in health effects 

over and above that which may be associated with background exposures.  
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• It is further noted that although the breathing rates used to calculate the CoNTC are 

relatively conservative, on occasion breathing rates greater than those used in Table 

AA1 may be experienced. However the CoNTC has been derived using the 

equivalent of a tolerable daily intake (see section 9.2), consequently occasional 

excursions above the intake are unlikely to be a health threat (for example see 

NHMRC 2002).  Furthermore, the CoNTC assumes 24 hour exposure, whereas in 

reality meteorological conditions and people movement are such that for a large part 

of the time there will be no exposure.  It should also be recognised that the modelled 

ground level concentrations to which the CoNTC is compared are maximum one 

hour averages or annual averages.  

 

• The intake level of no toxicological concern, 0.02 µg/kg/d,  is derived for substances 

that even if they were subsequently found to be genotoxic carcinogens the intake 

would not present an unacceptable risk, i.e. a risk of not greater than 1 in a million 

(US FDA 1995). However in this risk assessment the CoNTC is not applied to known 

genotoxic carcinogens. For substances that are not genotoxic carcinogens Munro et 

al (1996) evaluated approximately 613 chemicals with good supporting toxicological 

information which were placed into three ‘classes’  of presumptive toxicity based on 

chemical structure. For these ‘classes’ an analysis of the distribution of the NOELs 

was undertaken. The 5th percentile NOEL was divided by a 100-fold safety factor 20 

to determine human intake thresholds for an unknown substance in each ‘class’. The 

intakes of no toxicological concern so derived were 25, 7.7 and 1.3 µg/kg/d for the 

three classes. The lower value, for ‘class III’ substances is 65 times higher than the 

FDA (1995, CFR 2001) intake of no toxicological concern, and is for substances that, 

on chemical structure and/or metabolism considerations, permit no strong initial 

presumption of safety or may even suggest significant toxicity.  It is therefore 

considered the use of the US FDA intake level of 0.02 µg/kg/d to derive the CoNTC 

is conservative and provides a margin of safety for non-carcinogens of the order of 

6,000 fold.  

 

 A sensitivity analysis has been conducted on the impact of omitting substances from the 

formal risk assessment if their predicted ground level concentration is less than 0.03 µg/m3.  

 
                                                 
20 The 5th percentile was chosen because this value would provide 95% confidence that the NOEL of 
any other substance in the same structural class but of unknown toxicity would not have a NOEL less 
than that at 5th percentile. This was considered to be much more conservative than dividing the 50th 
percentile NOEL by the 100-fold safety factor.  
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o Of the 85 compounds that had anticipated ground level concentrations less than the 

CoNTC there were 6 with a regulatory assigned chronic health guideline. At their 

predicted ground level concentration these substances would have contributed an 

extra 0.0026% to the chronic hazard index.  

o Furthermore, if it is assumed these substances were present at the same 

concentration as the CoNTC the extra contribution to the chronic hazard index would 

be only 1% (Table AA1).  

o If a substance for which a guideline value had not been set by a regulatory agency 

was present at the CoNTC and subsequently a value equivalent to the lowest 

guideline of the VOCs in the emissions, i.e. acetaldehyde whose health guideline 

value is 9 µg/m3 (Table A2.2 in Appendix 2), was assigned to the substance the extra 

contribution to the hazard index would be 0.003 (0.3%).  

      [Hazard Quotient = GLC/Guideline = 0.03 µg/m3 /9 µg/m3 = 0.003] 

 

From the above it is concluded that omitting substances whose predicted ground level 

concentration is less than the CoNTC does not significantly affect the outcome of the 

calculated hazard indices in Sections 7.1.1 & 7.1.2.   

 

 

Table AA3: Chronic Hazard Quotients for Compounds below the CoNTC. 
 
Compounds where 
predicted GLC < 
CoNTC 

Guideline 
Value a 

(µg/m3) 

Predicted 
annual 
GLC at 
Location 1 
(µg/m3) 

Hazard 
Quotient 
(HQ) 

Assume  
GLC = 
CoNTC 
(µg/m3) 

Hazard 
Quotient 
(HQ) 

bromomethane 5 0.00013 0.000026 0.03 0.0060 
carbon disulphide  700 0.000014 2 x 10-8 0.03 0.000043 
carbon tetrachloride 6.1 0.000058 9.5 x 10-6 0.03 0.0049 
chlorobenzene 500 0.000004 8 x 10-9 0.03 0.000060 
chloromethane 90 0.000023 2 x 10-7 0.03 0.00033 
cyclohexane 6000 0.000066 1.1 x 10-8  0.03 0.000005 

SUM OF HAZARD QUOTIENTS
 0.000026  0.011 
a Because these compounds were not identified as chemicals of potential concern due to their 
predicted ground level concentration being below the CoNTC, their guideline value summaries were 
not included in Appendices A2.1 & A2.2. For convenience summaries of the guideline value 
derivation is in Table AA3 below. 
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Table AA4: Summary of derivation of guideline values for those chemicals 
with predicted ground level concentrations below the CoNTC but 
for which there exists a regulatory derived air guideline value. 

 

Compound 

Annual 
ambient 
air level 
[µg/m3]1 

Health 
endpoint 

Critical effect 
level [µg/m3] UF 

Guideline 
Value 
[µg/m3] 

Ave 

Time 
Source

Carbon 
tetrachloride 

0.5-1 liver damage 6.1 (NOAEL) 1000 6.1  1 year WHO 
2000 

Carbon 
disulphide  

10-1500  Functional CNS 
changes in 
workers  

BMC (10%) 
19.7  

30 700 Not 
specified 

USEPA 
1995 

Chloro 

benzene  

0.2-3.5 Decreased 
food intake, 
increased 
organ weight, 
lesions and 
changes in 
blood 
parameters 

341 (LOAEL) 1000 500 1 year WHO 
2000 

Bromo 

methane 

0.05-0.8 nasal epithelial 
hyperplasia 

0.48 (LOAEL 
adjusted for 
continuous 
exposure) 

100 5 Not 
specified 

USEPA 
1992 

Cyclohexane not 
available 

Developmental 
toxicity 

BMCL(1sd) 
(adjusted for 
continuous 
exposure): 
1,822  

300 6000 Not 
specified 

USEPA
2003 

Chloro 

methane 

not 
available 

central nervous 
system 

NOAEL(adjuste
d for 
continuous 
exposure): 94.6 
mg/m3 

1000 90 Not 
specified 

USEPA

1 The source for all background levels is WHO (2000). 
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Appendix 1:  Toxicity Category Summary Table.  
 
Toxicity categories were derived by consulting the following sources:  
 

1. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans and Supplements.  
2. Environmental Health Criteria Monograph Series from the International Programme on 

Chemical Safety, WHO. 
3. Toxicological Profiles for Chemical Substances, Agency for Toxic substances and Disease 

Registry (ATSDR), US Department of Health and Human Services.  
4. Office of Environmental Human Hazard Assessment (OEHHA), Californian EPA. 
5. RIVM (2001) Re-evaluation of Human Toxicological Maximum Permissible Risk Levels, 

Dutch National Institute of Public Health and the Environment (RIVM). 
6. WHO Guidelines for Air Quality (1999); Air Quality Guidelines for Europe, 2nd Edition (2000), 

WHO.  
7. EU Directive Dangerous Substances and Preparations, Annex 1 26th Adaption European 

Commission (2000). Directive 67\548|EEC. 
 

Toxicity Category  
COPC 

 

 
Target Organ Genotoxic Carcinogenic Reproductive 

Toxicant 

Total suspended 
particulate ‘Dust’ 

Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

Carbon Monoxide Blood & cardiovascular 
system 

N N Y 

NOx & NO2 Respiratory system  N N N 
SO2 Respiratory system  N N N 
PM2.5 Respiratory and 

cardiovascular system 
 Not evaluated 

by IARC or 
USEPA 

 

PM10 Respiratory system effects, 
decreased pulmonary 
function in sensitive 
subpopulations 

 Not evaluated 
by IARC or 

USEPA 

 

acetaldehyde Irritant to URT Y Y   (IARC 2B, 
Annex 1 Cat 

3, USEPA B2) 

N 

acetone CNS & irritation to eyes and 
URT 

N N (USEPA 
Group D) 

N 

ammonia Eye and respiratory irritation N Not evaluated 
by IARC or 

USEPA 

N 

benzene Reproductive/developmental; 
Immune System; 
Heamatologic System; 

Y Y (IARC 1, 
USEPA A) 

Y 

benzaldehyde Requires further evaluation.  
Oral route causes effects on 
stomach and kidney 

 Not evaluated 
by IARC or 

USEPA 
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bromomethane Neurological effects in 
rodents  

Y N 
IARC 3, 

USEPA D) 

N 

2-butanone (MEK) Irritant to eyes & URT N N (USEPA D)  

butanal Aspiration hazard, central 
nervous system  

N N N 

butenal Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

chlorodibromomethane Requires further evaluation.    N (IARC 3) 
USEPA 

 

cyclopentadiene Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

dibromomethane Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

dichlorodifluoromethane Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

dichloromethane 
(methylene chloride) 

Effects on the central 
nervous system, and the 
production of 
carboxyhaemoglobin (COHb)

N Y (IARC 2B) N 

dimethyl disulphide Requires further evaluation  Not evaluated 
by IARC or 

USEPA 

 

Ethylbenzene Increased liver weight N N (IARC 2B, 
US EPA D) 

N 

formaldehyde Irritant to eyes and URT Y(weak) Y (IARC 2A, 
USEPA B1) 

N 

hexanal Requires further evaluation  Not evaluated 
by IARC or 

USEPA 

 

hexane Irritant, CNS N Not evaluated 
by IARC or 

USEPA 

N 

2-hexanone Requires further evaluation  Not evaluated 
by IARC or 

USEPA 

 

iodomethane Requires further evaluation  Y (IARC 3)  

isopropanol Irritant to eyes and URT N Y (IARC 3) N 

isopropylbenzene Requires further evaluation  Not evaluated 
by IARC or 

USEPA 

 

methacrolein Requires further evaluation  Not evaluated 
by IARC or 

USEPA 
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2-methylbutane Requires further evaluation  Not evaluated 
by IARC or 

USEPA 

 

MIBK (methyl isobutyl 
ketone) 

Developmental effects in 
rodents 

N US EPA D Y 

2-methylpropanal Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

3-methylpentane Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

pentanal Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

2 pentanone Requires further evaluation 
Insufficient data to classify 

 Not evaluated 
by IARC or 

USEPA 

 

propanal Requires further evaluation  Not evaluated 
by IARC or 

USEPA 

 

n-propylbenzene Kidney effects in rodents N USEPA D N 

tolualdehyde Requires further evaluation  Not evaluated 
by IARC or 

USEPA 

 

toluene central nervous system, eyes 
and respiratory system 

N N (IARC 3, 
USEPA D) 

N 

tribromoethane Requires further evaluation.    Not evaluated 
by IARC or 

USEPA 

 

trichlorofluoromethane Requires further evaluation  Not evaluated 
by IARC or 

USEPA 

 

1,2,4-trimethylbenzene decreased body weight 
increased liver and kidney 
weight 

 Not evaluated 
by IARC or 

USEPA 

 

1,3,5-trimethylbenzene decreased body weight 
increased liver and kidney 
weight 

 Not evaluated 
by IARC or 

USEPA 

 

xylene Central nervous system and 
developmental toxicity.  

N N Y 

polyaromatic 
hydrocarbons  

Respiratory system  
Y 

Y N 

dioxins and furans Liver, reproductive, 
developmental, endocrine, 
respiratory, hematopoietic 
effects 

N Y (IARC 1) Y 

arsenic (As) Respiratory, skin, 
reproductive/developmental, 
cardiovascular, nervous 
system. 

Y Y (IARC 1, 
USEPA A) 

N 

cadmium (Cd) respiratory system and 
kidney 

Y Y (IARC 1, 
USEPA B1) 

Y 
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chromium (Cr) respiratory system Y Y (IARC 1, 
USEPA A  
Cr VI only) 

N 

manganese (Mn) nervous system lungs, 
nervous system, and 
reproductive system 

N N (USEPA D) Y 

mercury - inorganic 
(Hg) 

Kidney, nervous system N N (IARC 3) Y 

nickel (Ni) Lung and nasal tumours Y Y (IARC 1, 
USEPA A) 

N 

 
 
 

Carcinogen classifications of IARC and US EPA 
 

IARC Carcinogen Classifications 

Group Category 

1 Is a human carcinogen. 

2A Is probably carcinogenic to humans. 

2B Is possibly carcinogenic to humans. 

3 Is not classifiable as to its carcinogenicity. 

4 Is probably not carcinogenic to humans. 

 

US EPA Carcinogen classifications. 

Group Category 

A Human carcinogen. 

B Probable human carcinogen. 

B1 Indicates limited human evidence. 

B2 Indicates sufficient evidence in animals and 
inadequate or no evidence in humans. 

C Possible human. 

D Not classifiable as to human carcinogenicity. 

E Evidence of non-carcinogenicity for humans.    
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Appendix 2: Health Based Guidance Values. 
This table represents compounds for which readily identifiable guidelines from an authoritative 
source were not available. No attempt has been made to locate useable data from the open 
scientific literature from which health reference values could be derived. 
 

Type of Guideline Compound 
Acute NOx, PAH1, arsenic1, cadmium, manganese, nickel and 

selenium, dioxins and furans2, propanal, 2-pentanone, 
1,2,4-trimethylbenzene, butenal, dibromomethane, 2-
methylpropanal, tribromomethane, butanal, 
benzaldehyde, 1,3,5-trimethylbenzene, ethylbenzene, 
methacrolein, hexane, n-propylbenzene, 2-
methylbutane, tolualdehyde, isopropylbenzene, 
methylisobutyl ketone, cyclopentadiene, iodomethane, 
naphthalene, pentanal, hexanal, 2-hexanone, 
dichlorodifluoromethane, dimethyl disulphide, 
trichlorofluoromethane, 3-methylpentane, 
chlorodibromomethane, sec-butylbenzene.  

Chronic NOx, CO, PM10, formaldehyde, benzene, PAH1, 
arsenic1, dioxins and furans2, propanal, 2-pentanone, 
butenal, dibromomethane, 2-methylpropanal, 
tribromomethane, butanal, dichloromethane, 
benzaldehyde, isopropanol, methacrolein, n-
propylbenzene, 2-methylbutane, tolualdehyde, 
isopropylbenzene, methylisobutyl ketone, 
cyclopentadiene, iodomethane, pentanal, hexanal, 2-
hexanone, dichlorodifluoromethane, dimethyl disulphide, 
trichlorofluoromethane, 3-methylpentane, 
chlorodibromomethane, sec-butylbenzene 

1. These substances have been evaluated as genotoxic carcinogens.  An evaluation of the non 
carcinogenic chronic effects of these substances was not carried out. 
2. Dioxins were evaluated separately in Section 7.5.  
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A2.1 Acute Health Effects Guidelines.   
 

Compound 

Annual 
backgd 

ambient air 
level 

[µg/m3] a 

Health endpoint 
for guideline 

value 

Critical 
effect level 
[mg/m3] c 

UF d 
Guideline 

Value 
[µg/m3] 

Averaging 
time for 
guideline 
value 

Source 

acet 
aldehyde 5 

Eye & URTe 
irritancy in 
humans 

45 (NOEL) 20 2,000  24 hours WHO 
2000 

acetone  Neurological 
563 over 4 
hours 
(LOAEL) 

9 62,000 Acute MRL 
(1-14d) 

ATSDR 
1994 

acrolein 15 Eye irritation in 
humans 0.33 

not 
provid
ed 

50 30 minute WHO 
2000 

ammonia Not 
available 

Mild eye and 
respiratory tract 
irritation in 
humans 

Benchmark 
Dose (5%) 
9.7 mg/m3 

3 3200 1 hour OEHHA 
2000 

arsenic  decreased foetal 
weight 

0.19 (mg 
As/m³) 1000 0.19 4 hour OEHHA 

1999 

benzene 5.0 – 20.0 
reproductive/ 
developmental 
toxicity 

130 (NOAEL) 100 1,300 6 hours OEHHA 
1999 

2- butanone 
(MEK) 

Not 
available 

Eye, nose and 
throat irritation in 
humans 

796  60 1.3E+04 1 hour OEHHA 
1999 

carbon 
monoxide 500-7000 

COHb formation 
& cardiovascular 
function  

Critical level 
of COHb < 
2.5% 

N/A b 10,000 8 hours 

WHO 
2000, 
NEPC 
1998 

dichlorometh 
ane < 5 COHb formation 

in humans 

Critical level 
of COHb < 
3% 

N/A 3000 24 hours WHO 
2000 

Form 
aldehyde 1-20 Eye & URT in 

humans 0.1 (NOAEL) N/A 100  30 min WHO 
2000 

Isopropanol not 
available 

Eye & URT in 
humans 32 10 3200 Acute MRL 

(1-14d) 
ATSDR 
1992 

Mercury 
(inorganic) 

not 
available 

reproductive/dev
elopment effects 
in rodents 

1.8 (LOAEL) 1000 1.8 1 hour OEHHA 
1999 

Nickel not 
available 

Respiratory 
Irritation; 
Immune 
Response 

0.033  6 6 1 hour OEHHA 
1999 

NO2 10-150 
Slight changes 
in lung function 
in asthmatics 

0.365- 0.565 

 
2 200 1 hour 

WHO 
2000 
NEPC 
1998 
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PM2.5 
not 
available 

Aggravation of 
existing 
respiratory 
diseases 

- - 25 24 hour NEPC 
2003 

PM10 
not 
available 

Aggravation of 
existing 
respiratory 
diseases 

- - 50 24 hour NEPC 
2003  

SO2 5-400 

Changes in lung 
function &/or 
exacerbation of 
respiratory 
symptoms in 
asthmatics 

- - 

 

525 

210 

 

1 hour 

24 hour 

NEPC 
1998 

Styrene not 
available 

Subtle central 
nervous 
system effects 
in workers 

107 
(LOAEL)  420 260 Weekly WHO 

2000 

Toluene 5 – 150 Effects on CNS 
in workers 332 (LOAEL) 1,260 260  1 week WHO 

2000 

Xylene 1 -100  
Central nervous 
system effects in 
adult volunteers 

304 (NOAEL) 60 4,800 24 hours WHO 
2000 

a The source for all background levels is WHO (2000).  
c NOAEL or NOAEC = No Observed Effect Adverse Level or Concentration, L OAEL or LOAEC = Low 
Observed Effect Adverse Level or Concentration 
d UF = Uncertainty factor applied to the critical effect level (NOAEL/C or LOAEL/C), same as safety factor. 
e URT = Upper Respiratory Tract. 
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A2.2 Chronic Health Effect Guidelines. 

 

Compound 

Annual 
ambient 
air level 
[µg/m3]1 

Health 
endpoint 

Critical effect 
level [µg/m3] UF 

Guideline 
Value 
[µg/m3] 

Averaging 
Time Source 

Acet 
aldehyde 5 respiratory 

system    9 Not 
specified 

OEHHA 
2001 

Acetone Not 
available 

Neurological 3 x106 (LOAEL) 100 30,000 

 

Chronic 
MRL (>1yr) 

ATSDR 
1994 

Ammonia Not 
available 

Respiratory 
function in 
workers 

6,400 adjusted 
to 2,300 
(NOAEL) 

30 100 Not 
specified 

USEPA 
IRIS 
1991 

2-Butanone  
(MEK) 

Not 
available 

Decreased fetal 
birth weight in a 
mouse 
developmental 
study 

8.9 x 106 
NOAEL(HEC) 2 3,000 3,000 Not 

specified 

USEPA 
IRIS 
1993 

Cadmium 
(Cd) 0.001 – 0.1 

Decreased 
renal function 
in workers  

100 – 400 
µg/m3-yrs 
(LOAEL) 

N/A 0.005  1 year WHO 
2000 

Ethyl 
benzene 1-100 increase of 

organ weights 
2150 (NOEL) 
mg/m3 100 22,000 1 year WHO 

2000 

n-Hexane Not 
available 

peripheral 
neuropathy, 
electro-
physiological 
alterations in 
humans 

2 x 105 
(LOAEL) 30 7,000 Not 

specified 
OEHHA 
2001 

Manganese  0.01 – 0.07 
Neurotoxic 
effects in 
workers 

30 (NOAEL) 200 0.15  1 year WHO 
2000 

mercury - 
inorganic 
(Hg) 

0.002 – 
0.01 

Renal tubular 
effects in 
workers 

20 (LOAEL)  20 1 1 year WHO 
2000 

Naphthalene Not 
available 

nasal 
inflammation, 
epithelial 
hyperplasia & 
metaplasia in 
mice 

9,000 (LOAEL) 1,00
0 9 Not 

specified 
OEHH
A 2001 

Nickel 1-180 
Respiratory 
system, 
haematopoetic 

500 (LOAEL) 300 0.05 Not 
specified 

OEHHA 
2001 

NO2 10-150 

Development of 
recurrent upper 
and lower 
respiratory 
symptoms in 
children. 

75-150 
(LOAEL)  56 1 year NEPC 

1998 

PM2.5 
Not 
available    8 1 year NEPC 

2003 
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Selenium Not 
available 

Clinical 
selenosis 
(garlic odour, 
thickened & 
brittle nails, 
peripheral 
neuropathy) 

0.015 mg/kg 
(NOAEL) 
extrapolated 
from oral to 
inhalation dose 

3 20 Not 
specified 

OEHHA 
2001 

SO2 5-400 

Changes in 
lung function 
&/or 
exacerbation of 
respiratory 
symptoms in 
asthmatics 

  52 1 year NEPM 
1998 

Styrene not 
available 

central nervous 
system 

26 mg/m3 
(adjusted from 
107 for 
continuous 
exposure) 
(LOAEL) 

30 900 Not 
specified 

RIVM 
2001 

Toluene  5 - 150 Effects on CNS 
in workers 

332,000 
(LOAEL) 1,260 260  1 week WHO 

2000 

1,2,4- 
Trimethyl-
benzene 

Not 
available 

Decreased 
body weight 
and kidney and 
liver toxicity 

Not identified  800 Not 
specified 

RIVM 
2001 

1,3,5- 
Trimethyl-
benzene 

Not 
available 

Decreased 
body weight 
and kidney and 
liver toxicity 

Not identified  800 Not 
specified 

RIVM 
2001 

Xylene Not 
available 

Developmental 
toxicity 

870,000 
(LOAEL) 1000 870 Not 

specified 
WHO 
1996 

Dioxins/ 
furans Refer to text  

1 The source for all background levels is WHO (2000). 
 
. 
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A2.3 Genotoxic carcinogen potency factors.  
 
 

1 The source for all background levels is WHO (2000).  

Compound Bkgd annual 
ambient air 
level [µg/m3] 

Target Organ Unit Risk  
[µg/m3]-1 

IARC group Source 

Acetaldehyde 5 rat nasal tumor 
incidence 

(1.5 -9) x 10-7 
(the larger 
value is used 
in this risk 
assessment) 

2B WHO 2000  

Arsenic (As) 0.001 – 1 Lung cancer in humans 1.5 x 10-3  1 WHO 2000 

Benzene 5.0-20.0 Leukaemia in workers 6 x 10-6  1 WHO 2000 

Cadmium (Cd) 0.001 – 0.1 Lung cancer in workers 1.8 x 10-3 1 WHO 2000 

Chromium (Cr)  
Cr VI only 

5-200 x 10-3 

(total Cr) Lung cancer in workers 4 x 10-2  1 WHO 2000 

Nickel (Ni) 1-180 Lung cancer in humans 3.8 x 10-4 1 WHO 2000 

Polyaromatic 
hydrocarbons 

Refer Section 
7.4.1 Skin and lung cancers Refer Section 

7.4.1 Vol 1 2A Refer Table 
7.4.1 

Vinyl chloride  
Liver cancer in humans 
and 
haemangiosarcomas 

1 x 10-6 1 WHO 2000 
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Appendix 3: Calculation of Hazard Quotients and Indices. 
 
A3.1.1-4 Calculation of Acute Hazard Quotients Scenario 1 - Base Case  
 
A3.12.1-4 Calculation of Acute Hazard Quotients Scenario 2 - Future Case 
 
A3.2.1-4 Calculation of Chronic Hazard Quotients and Indices – Scenario 1 
 
A3.2.2-4 Calculation of Chronic Hazard Quotients and Indices – Scenario 1 
 
A3.3 Cancer risk calculated for genotoxic carcinogens – Scenarios 1 and 2 
 
A3.4 Calculated Cancer Risks for Benzo[α]pyrene equivalents Scenarios 1 and 2.  
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Acute Hazard Quotients & Indices for Scenario 1 Base Case 
 
A3.1.1.1  Acute Hazard Quotients & Indices for Scenario 1 – Receptor Location 1 
Substance Maximum 

Ground level 
Concentration1 

(µg/m3) 

95%’ile  
Ground level 
Concentration1 

(µg/m3) 

Health 
Based 
Guideline 
Value 
(µg/m3) 

Hazard 
Quotients 
based on 
Maximum 
GLC 

Hazard 
Quotient 
based 
on 95th’ile 
GLC 

NO2 2 70.30 20.20 246 0.286 0.082 
CO 128.59 17.10 11250 0.011 0.0015 
SO2 19.43 3.29 572 0.034 0.0058 
PM2.5 1.93 0.00 25 0.077 0.00 
PM10 3.99 0.00 50 0.080 0.00 
Acetone 31.25 4.04 62000 0.00050 0.000065 
Acetaldehyde 1.94 1.85 2000 0.00097 0.00049 
Formaldehyde 4.87 0.59 100 0.049 0.0059 
2-Butanone 5.98 0.72 13000 0.00046 0.000056 
Benzene 2.45 0.20 1300 0.0019 0.00015 
Toluene 7.67 0.61 260 0.030 0.0024 
Xylenes 0.48 0.45 260 0.0018 0.00091 
Mercury 0.50 0.021 1.8 0.28 0.011 
Arsenic 0.049 0.0047 0.19 0.26 0.025 
Ammonia 86.87 5.83 3200 0.027 0.0018 
Nickel & 
Cmpds 

0.024 0.0046 6 0.004 0.00077 

methylene 
chloride  

2.082 0.19 3000 0.00069 0.000064 

isopropanol 0.65 0.060 3200 0.00020 0.000019 
styrene 0.019 0.0018 260 0.000073 0.0000068 
Acrolein 0.040 0.0037 50 0.00070 0.000064 

HAZARD INDEX 1.14 0.14 
1. Where the Health Based Guideline Value is based on a different averaging time than 1 hour, the 1 hour modelled 

ground level concentrations provided by Environ, were adjusted using the Power Rule to match the timeframe of the 
guideline.  This occurred for all 95th percentile predicted GLCs and maximum 1 hour modelled GLCs; the exception 
was for those maximum 1 hour modelled substances with a 24 hour guideline.  For these latter substances 24 hr 
modelled GLCs were provided.  The substances for which predicted ground level concentrations were adjusted as 
described above are shown in the table below.  

2. The groundlevel concentrations for NO2 includes background. 
Substance Averaging Time  
Acetaldehyde 24 hour 
Acrolein 30 minutes 
Arsenic  4 hour 
Benzene 6 hour 
Carbon Monoxide  8 hour 
PM10 24 hour 
PM2.5 24 hour 
Styrene  1 week 
Toluene 1 week 
Xylene  24 hour 
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A3.1.1.2  Acute Hazard Quotients & Indices for Scenario 1 – Receptor Location 3 

Substance Maximum 
Ground level 
Concentration1 

(µg/m3) 

95%ile  
Ground level 
Concentration1 

(µg/m3) 

Health 
Based 
Guideline 
Value 
(µg/m3) 

Hazard 
Quotients based 
on Maximum 
GLC 

Hazard 
Quotient 
based 
on 95thile 
GLC 

NO22  45.20 12.50 246 0.184 0.0508 
CO 46.80 4.91715 11250 0.0042 0.00044 

SO2 8.07 0.89570 572 0.014 0.0016 

PM2.5 0.78 0.00000 25 0.031 0.00 

PM10 1.50 0.00000 50 0.030 0.00 

Acetone 11.60 0.98360 62000 0.00019 0.000016 

Acetaldehyde 0.92 0.31140 2000 0.00046 0.000082 

Formaldehyde 2.009 0.17800 100 0.020 0.0018 

2-Butanone 2.036 0.12130 13000 0.00016 0.0000093 

Benzene 0.97 0.03008 1300 0.00075 0.000023 

Toluene 2.80 0.07931 260 0.011 0.00031 

Xylenes 0.22 0.05301 260 0.00083 0.00011 

Mercury 0.35 0.01157 1.8 0.20 0.0064 

Arsenic 0.016 0.00064 0.19 0.086 0.0034 

Ammonia 32.68 0.74820 3200 0.010 0.00023 

Nickel & Cmpds 0.0083 0.00050 6 0.0014 0.000083 

methylene 
chloride  

0.72 0.02276 3000 0.00024 0.0000076 

isopropanol 0.22 0.00712 3200 0.0000014 0.000070 

styrene 0.0066 0.00021 260 0.00000000048 0.00000080 

Acrolein 0.014 0.00044 50 0.00024 0.0000076 

HAZARD INDEX 0.59 0.065 
1 Where the Health Based Guideline Value is based on a different averaging time than 1 hour, the 1 hour modelled ground 
level concentrations provided by Environ, were adjusted using the Power Rule to match the timeframe of the guideline.  
This occurred for all 95th percentile predicted GLCs and maximum 1 hour modelled GLCs; the exception was for those 
maximum 1 hour modelled substances with a 24 hour guideline.  For these latter substances 24 hr modelled GLCs were 
provided.  The substances for which predicted ground level concentrations were adjusted as described above are shown 
in the table below.  
2 The groundlevel concentrations for NO2 includes background. 
 

Substance Averaging Time  
Acetaldehyde 24 hour 
Acrolein 30 minutes 
Arsenic  4 hour 
Benzene 6 hour 
Carbon Monoxide  8 hour 
PM10 24 hour 
PM2.5 24 hour 
Styrene  1 week 
Toluene 1 week 
Xylene  24 hour 
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A3.1.1.3  Acute Hazard Quotients & Indices for Scenario 1 – Receptor Location 4 

Substance Maximum 
Ground level 
Concentration1 

(µg/m3) 

95%ile  
Ground level 
Concentration1 

(µg/m3) 

Health 
Based 
Guideline 
Value 
(µg/m3) 

Hazard 
Quotients 
based on 
Maximum GLC 

Hazard 
Quotient 
based 
on 95thile 
GLC 

NO22  38.20000 2.42850 246 0.16 0.01 
CO 37.25 9.50705 11250 0.0033 0.00085 
SO2 6.62 1.68500 572 0.012 0.0029 
PM2.5 0.88 0.00000 25 0.18 0.00 
PM10 1.77 0.00000 50 0.035 0.00 
Acetone 12.47 1.25900 62000 0.00020 0.000020 
Acetaldehyde 1.04 0.36790 2000 0.00052 0.000097 
Formaldehyde 1.54 0.37430 100 0.015 0.0037 
2-Butanone 2.12 0.12450 13000 0.00016 0.0000096 
Benzene 0.90 0.03257 1300 0.00070 0.000025 
Toluene 2.67 0.08039 260 0.010 0.00031 
Xylenes 0.25 0.04982 260 0.00095 0.00010 
Mercury 0.30 0.00900 1.8 0.17 0.0050 
Arsenic 0.012 0.00076 0.19 0.061 0.0040 
Ammonia 30.82 0.87730 3200 0.0096 0.00027 
Nickel & 
Cmpds 

0.0082 0.00073 6 0.0014 0.00012 

methylene 
chloride  

0.67 0.02139 3000 0.00022 0.0000071 

isopropanol 0.21 0.00669 3200 0.0000090 0.00000041 
styrene 0.0062 0.00020 260 0.000024 0.00000075 
Acrolein 0.013 0.00041 50 0.00023 0.0000072 

HAZARD INDEX 0.65 0.027 
1. Where the Health Based Guideline Value is based on a different averaging time than 1 hour, the 1 hour modelled 

ground level concentrations provided by Environ, were adjusted using the Power Rule to match the timeframe of the 
guideline.  This occurred for all 95th percentile predicted GLCs and maximum 1 hour modelled GLCs; the exception 
was for those maximum 1 hour modelled substances with a 24 hour guideline.  For these latter substances 24 hr 
modelled GLCs were provided.  The substances for which predicted ground level concentrations were adjusted as 
described above are shown in the table below. 

2. The groundlevel concentrations for NO2 includes background. 
 

Substance Averaging Time  
Acetaldehyde 24 hour 
Acrolein 30 minutes 
Arsenic  4 hour 
Benzene 6 hour 
Carbon Monoxide  8 hour 
PM10 24 hour 
PM2.5 24 hour 
Styrene  1 week 
Toluene 1 week 
Xylene  24 hour 
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A3.1.1.4  Acute Hazard Quotients & Indices for Scenario 1 – Receptor Location 7 
 

Substance Maximum 
Ground level 
Concentration1 

(µg/m3) 

95%ile  
Ground level 
Concentration1 

(µg/m3) 

Health 
Based 
Guideline 
Value 
(µg/m3) 

Hazard 
Quotients 
based on 
Maximum GLC 

Hazard 
Quotient 
based 
on 95thile 
GLC 

NO22  45.50 2.91 246 0.185 0.012 
CO 53.16 13.39 11250 0.0047 0.0012 

SO2 8.016 2.39 572 0.014 0.0042 

PM2.5 1.46 0.00 25 0.058 0.00 

PM10 2.44 0.00 50 0.049 0.00 

Acetone 15.00 1.77 62000 0.00024 0.000029 

Acetaldehyde 1.090 0.48 2000 0.00055 0.00013 

Formaldehyde 2.24 0.51 100 0.022 0.0051 

2-Butanone 2.89 0.17 13000 0.00022 0.000013 

Benzene 1.37 0.048 1300 0.0011 0.000037 

Toluene 4.044 0.11 260 0.016 0.00041 

Xylenes 0.24 0.063 260 0.00092 0.00013 

Mercury 0.26 0.0067 1.8 0.14 0.0037 

Arsenic 0.015 0.0012 0.19 0.080 0.0061 

Ammonia 47.55 1.13 3200 0.015 0.00035 

Nickel & Cmpds 0.012 0.00091 6 0.0020 0.00015 

methylene chloride  1.013 0.027 3000 0.00034 0.0000090 

isopropanol 0.32 0.0084 3200 0.0000021 0.000010 

styrene 0.0093 0.00025 260 0.000036 0.00000095 

Acrolein 0.019 0.00052 50 0.00034 0.0000090 

HAZARD INDEX 0.59 0.033 
1. Where the Health Based Guideline Value is based on a different averaging time than 1 hour, the 1 hour modelled 

ground level concentrations provided by Environ, were adjusted using the Power Rule to match the timeframe of the 
guideline.  This occurred for all 95th percentile predicted GLCs and maximum 1 hour modelled GLCs; the exception 
was for those maximum 1 hour modelled substances with a 24 hour guideline.  For these latter substances 24 hr 
modelled GLCs were provided.  The substances for which predicted ground level concentrations were adjusted as 
described above are shown in the table below.  

2. The groundlevel concentrations for NO2 includes background. 
 

Substance Averaging Time  
Acetaldehyde 24 hour 
Acrolein 30 minutes 
Arsenic  4 hour 
Benzene 6 hour 
Carbon Monoxide  8 hour 
PM10 24 hour 
PM2.5 24 hour 
Styrene  1 week 
Toluene 1 week 
Xylene  24 hour 

..  
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A3.1.2.1  Acute Hazard Quotients & Indices for Scenario 2 – Receptor Location 1 
Substance Maximum 

Ground level 
Concentration1 

(µg/m3) 

95%ile  
Ground level 
Concentration1 

(µg/m3) 

Health 
Based 
Guideline 
Value 
(µg/m3) 

Hazard 
Quotients 
based on 
Maximum GLC 

Hazard 
Quotient 
based 
on 95thile 
GLC 

NO22  71.200 4.028 246 0.289 0.016 
CO 135.711 18.242 11250 0.012 0.0016 

SO2 19.880 3.309 572 0.035 0.0058 

PM2.5 1.460 0.000 25 0.058 0.00 

PM10 3.010 0.000 50 0.060 0.00 

Acetone 25.310 2.995 62000 0.00041 0.000048 

Acetaldehyde 1.030 1.080 2000 0.00052 0.00029 

Formaldehyde 5.064 0.611 100 0.051 0.0061 

2-Butanone 4.861 0.648 13000 0.00037 0.000050 

Benzene 0.136 0.025 1300 0.00010 0.000019 

Toluene 3.093 0.305 260 0.012 0.0012 

Xylenes 0.402 0.385 260 0.0015 0.00078 

Mercury 0.579 0.023 1.8 0.32 0.013 

Arsenic 0.0055 0.00066 0.19 0.043 0.0035 

Ammonia 101.000 6.806 3200 0.032 0.0021 

Nickel & Cmpds 0.003 0.000 6 0.001 0.00006 

methylene 
chloride  

2.246 0.220 3000 0.00075 0.000073 

isopropanol 0.703 0.069 3200 0.00022 0.000021 

styrene 0.021 0.0020 260 0.000079 0.0000078 

Acrolein 0.043 0.0042 50 0.00086 0.000085 

HAZARD INDEX 0.92 0.051 
1. Where the Health Based Guideline Value is based on a different averaging time than 1 hour, the 1 hour modelled 

ground level concentrations provided by Environ, were adjusted using the Power Rule to match the timeframe of the 
guideline.  This occurred for all 95th percentile predicted GLCs and maximum 1 hour modelled GLCs; the exception 
was for those maximum 1 hour modelled substances with a 24 hour guideline.  For these latter substances 24 hr 
modelled GLCs were provided.  The substances for which predicted ground level concentrations were adjusted as 
described above are shown in the table below. 

2. The groundlevel concentrations for NO2 includes background  
 

Substance Averaging Time  
Acetaldehyde 24 hour 
Acrolein 30 minutes 
Arsenic  4 hour 
Benzene 6 hour 
Carbon Monoxide  8 hour 
PM10 24 hour 
PM2.5 24 hour 
Styrene  1 week 
Toluene 1 week 
Xylene  24 hour 
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A3.1.2.2  Acute Hazard Quotients & Indices for Scenario 2 – Receptor Location 3 
Substance Maximum 

Ground level 
Concentration1 

(µg/m3) 

95%ile  
Ground level 
Concentration1 

(µg/m3) 

Health 
Based 
Guideline 
Value 
(µg/m3) 

Hazard 
Quotients 
based on 
Maximum GLC 

Hazard 
Quotient 
based 
on 95thile 
GLC 

NO22  46.9 1.3385 246 0.191 0.0054 
CO 50.42 5.29 11250 0.0045 0.00047 
SO2 8.32 0.89 572 0.015 0.0016 
PM2.5 0.63 0 25 0.025 0.00 
PM10 1.18 0 50 0.024 0.00 
Acetone 9.12 0.88 62000 0.00015 0.000014 
Acetaldehyde 0.41 0.22 2000 0.024 0.000058 
Formaldehyde 2.19 0.18 100 0.022 0.0018 
2-Butanone 1.51 0.12 13000 0.00012 0.0000089 
Benzene 0.060 0.0071 1300 0.000046 0.0000055 
Toluene 0.98 0.039 260 0.0038 0.00015 
Xylenes 0.16 0.042 260 0.00022 0.00009 
Mercury 0.41 0.014 1.8 0.23 0.0075 
Arsenic 0.0022 0.000099 0.19 0.015 0.00052 
Ammonia 37.62 0.87 3200 0.012 0.00027 
Nickel & Cmpds 0.0014 0.000045 6 0.0002 0.000008 
methylene 
chloride  

0.71 0.024 3000 0.00024 0.0000081 

isopropanol 0.22 0.0076 3200 0.000069 0.0000024 
styrene 0.0065 0.00022 260 0.000025 0.00000085 
Acrolein 0.014 0.00047 50 0.00027 0.0000093 

HAZARD INDEX 0.56 0.018 
1. Where the Health Based Guideline Value is based on a different averaging time than 1 hour, the 1 hour modelled 

ground level concentrations provided by Environ, were adjusted using the Power Rule to match the timeframe of the 
guideline.  This occurred for all 95th percentile predicted GLCs and maximum 1 hour modelled GLCs; the exception 
was for those maximum 1 hour modelled substances with a 24 hour guideline.  For these latter substances 24 hr 
modelled GLCs were provided.  The substances for which predicted ground level concentrations were adjusted as 
described above are shown in the table below.  

2. The groundlevel concentrations for NO2 includes background. 
 

Substance Averaging Time  
Acetaldehyde 24 hour 
Acrolein 30 minutes 
Arsenic  4 hour 
Benzene 6 hour 
Carbon Monoxide (CO) 8 hour 
PM10 24 hour 
PM2.5 24 hour 
Styrene  1 week 
Toluene 1 week 
Xylene  24 hour 
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A3.1.2.3  Acute Hazard Quotients & Indices for Scenario 2 – Receptor Location 4 
Substance Maximum 

Ground level 
Concentration1 

(µg/m3) 

95%ile  
Ground level 
Concentration1 

(µg/m3) 

Health 
Based 
Guideline 
Value 
(µg/m3) 

Hazard 
Quotients 
based on 
Maximum GLC 

Hazard 
Quotient 
based 
on 95thile 
GLC 

NO22  38.2 2.45875 246 0.155 0.0100 
CO 42.71 10.29 11250 0.0038 0.00091 
SO2 7.23 1.72 572 0.013 0.0030 
PM2.5 0.73 0 25 0.029 0.00 
PM10 1.41 0 50 0.028 0.00 
Acetone 9.79 1.18 62000 0.00016 0.000019 
Acetaldehyde 0.50 0.26 2000 0.00025 0.00013 
Formaldehyde 1.82 0.41 100 0.018 0.0041 
2-Butanone 1.66 0.12 13000 0.00013 0.0000090 
Benzene 0.053 0.012 1300 0.000041 0.0000089 
Toluene 0.98 0.035 260 0.0038 0.00013 
Xylenes 0.2 0.037 260 0.00077 0.000093 
Mercury 0.35 0.010 1.8 0.20 0.0057 
Arsenic 0.0015 0.00012 0.19 0.0080 0.00064 
Ammonia 35.53 1.014 3200 0.011 0.00032 
Nickel & Cmpds 0.0012 0.000058 6 0.00001 0.00014 
methylene 
chloride  

0.71 0.021 3000 0.00024 0.0000070 

isopropanol 0.22 0.0066 3200 .000070 0.0000021 
styrene 0.0065 0.00019 260 .000039 0.00000074 
Acrolein 0.014 0.00040 50 .00042 0.0000081 

HAZARD INDEX 0.47  0.025 
1. Where the Health Based Guideline Value is based on a different averaging time than 1 hour, the 1 hour modelled 

ground level concentrations provided by Environ, were adjusted using the Power Rule to match the timeframe of the 
guideline.  This occurred for all 95th percentile predicted GLCs and maximum 1 hour modelled GLCs; the exception 
was for those maximum 1 hour modelled substances with a 24 hour guideline.  For these latter substances 24 hr 
modelled GLCs were provided.  The substances for which predicted ground level concentrations were adjusted as 
described above are shown in the table below. 

2. The groundlevel concentrations for NO2 includes background. 
 

Substance Averaging Time  
Acetaldehyde 24 hour 
Acrolein 30 minutes 
Arsenic  4 hour 
Benzene 6 hour 
Carbon Monoxide (CO) 8 hour 
PM10 24 hour 
PM2.5 24 hour 
Styrene  1 week 
Toluene 1 week 
Xylene  24 hour 
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 A3.1.2.4  Acute Hazard Quotients & Indices for Scenario 2 – Receptor Location 7 
Substance Maximum 

Ground level 
Concentration1 

(µg/m3) 

95%ile  
Ground level 
Concentration1 

(µg/m3) 

Health 
Based 
Guideline 
Value 
(µg/m3) 

Hazard 
Quotients 
based on 
Maximum GLC 

Hazard 
Quotient 
based 
on 95thile 
GLC 

NO22  46.4 2.96 246 0.189 0.012 
CO 55.20 14.12 11250 0.0049 0.0013 
SO2 8.18 2.45 572 0.014 0.0043 
PM2.5 1.22 0 25 0.049 0.00 
PM10 2.06 0 50 0.041 0.00 
Acetone 13.63 1.67 62000 0.00022 0.000027 
Acetaldehyde 0.53 0.36 2000 0.0021 0.00018 
Formaldehyde 2.31 0.53 100 0.023 0.0053 
2-Butanone 2.27 0.15 13000 0.00017 0.000012 
Benzene 0.067 0.015 1300 0.000052 0.000012 
Toluene 1.42 0.045 260 0.0055 0.00017 
Xylenes 0.18 0.049 260 0.00068 0.00012 
Mercury 0.30 0.0079 1.8 0.17 0.0044 
Arsenic 0.0016 0.00018 0.19 0.0082 0.00096 
Ammonia 54.66 1.32 3200 0.017 0.00041 
Nickel & Cmpds 0.0016 0.000086 6 0.0003 0.00001 
methylene 
chloride  

1.023 0.028 3000 0.00034 0.0000093 

isopropanol 0.32 0.0088 3200 0.00010 0.0000027 
styrene 0.0094 0.00026 260 0.000036 0.00000099 
Acrolein 0.020 0.00054 50 0.00039 0.000011 

HAZARD INDEX 0.53 0.029 
1. Where the Health Based Guideline Value is based on a different averaging time than 1 hour, the 1 hour modelled 

ground level concentrations provided by Environ, were adjusted using the Power Rule to match the timeframe of the 
guideline.  This occurred for all 95th percentile predicted GLCs and maximum 1 hour modelled GLCs; the exception 
was for those maximum 1 hour modelled substances with a 24 hour guideline.  For these latter substances 24 hr 
modelled GLCs were provided.  The substances for which predicted ground level concentrations were adjusted as 
described above are shown in the table below. 

2. The groundlevel concentrations for NO2 includes background.  
 

Substance Averaging Time  
Acetaldehyde 24 hour 
Acrolein 30 minutes 
Arsenic  4 hour 
Benzene 6 hour 
Carbon Monoxide (CO) 8 hour 
PM10 24 hour 
PM2.5 24 hour 
Styrene  1 week 
Toluene 1 week 
Xylene  24 hour 
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A3.2 Calculation of Chronic Hazard Quotients & Indices  
 
A3.2.1.1 Chronic Hazard Quotients & Index Scenario 1, Receptor Location 1 
 
Substance Annual Average 

Concentration  
µg/m3 

Health Based 
Guideline Value 
(µg/m3) 

HAZARD 
QUOTIENT 

NO2 assuming 25% of 
Nox is NO2 

5.48 62 0.0088 

SO2 0.18 572 0.00031 
PM2.5 0.20 8 0.025 
Acetone 0.48 30000 0.000016 
Acetaldehyde 0.19 9 0.021 
2-Butanone 0.093 3000 0.000031 
Toluene 0.081 260 0.00031 
Xylenes 0.041 870 0.000047 
Mercury 0.0056 1 0.0056 
Selenium 0.00089 1 0.00089 
Ammonia 0.61 100 0.0061 
Manganese & Cmpds 0.0040 0.15 0.027 
Cadmium & Cmpds 0.000025 0.005 0.0050 
Nickel & Cmpds 0.00089 0.05 0.018 
1,2,4-trimethylbenzene 0.026 800 0.000033 
1,3,5-trimethylbenzene 0.0092 800 0.000011 
ethylbenzene 0.0059 22000 0.0000003 
hexane 0.0034 7000 0.0000005 
naphthalene 0.0020 9 0.00022 
styrene 0.00036 900 0.0000004 
Acrolein 0.00024 0.4 0.00059 

HAZARD INDEX 0.20 
a Although benzene can produce haematological effects other than cancer, it has only been evaluated  
in this risk assessment for carcinogenic effects 
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A3.2.1.2 Chronic Hazard Quotients & Index for Scenario 1, Receptor Location 3 
 
Substance Annual Average 

Concentration  
µg/m3 

Health Based 
Guideline Value 
(µg/m3) 

HAZARD 
QUOTIENT 

NO2 assuming 25% of 
Nox is NO2 

4.26 62 0.069 

SO2 0.050 572 0.000088 
PM2.5 0.058 8 0.0073 
Acetone 0.14 30000 0.0000047 
Acetaldehyde 0.056 9 0.0062 
2-Butanone 0.025 3000 0.0000085 
Toluene 0.023 260 0.000090 
Xylenes 0.012 870 0.000014 
Mercury 0.0044 1 0.0044 
Selenium 0.00021 1 0.00021 
Ammonia 0.19 100 0.0019 
Manganese & Cmpds 0.0011 0.15 0.0071 
Cadmium & Cmpds 0.0000057 0.005 0.0011 
Nickel & Cmpds 0.00024 0.05 0.0049 
1,2,4-trimethylbenzene 0.0079 800 0.0017 
1,3,5-trimethylbenzene 0.0027 800 0.00058 
ethylbenzene 0.0018 22000 0.000014 
hexane 0.0010 7000 0.000025 
naphthalene 0.00060 9 0.000066 
styrene 0.00011 900 0.000020 
Acrolein 0.000071 0.4 0.00018 

HAZARD INDEX 0.11 
a Although benzene can produce haematological effects other than cancer, it has only been  
evaluated in this risk assessment for carcinogenic effects. 
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A3.2.1.3 Chronic Hazard Quotients & Index for Scenario 1, Receptor Location 4 
 
Substance Annual Average 

Concentration  
µg/m3 

Health Based 
Guideline Value 
(µg/m3) 

HAZARD 
QUOTIENT 

NO2 assuming 25% of 
Nox is NO2 

4.68 62 0.076 

SO2 0.074 572 0.00013 
PM2.5 0.079 8 0.0098 
Acetone 0.19 30000 0.0000064 
Acetaldehyde 0.077 9 0.0085 
2-Butanone 0.034 3000 0.000011 
Toluene 0.031 260 0.00012 
Xylenes 0.015 870 0.000018 
Mercury 0.0042 1 0.0042 
Selenium 0.00023 1 0.00023 
Ammonia 0.24 100 0.0024 
Manganese & Cmpds 0.0015 0.15 0.0099 
Cadmium & Cmpds 0.0000060 0.005 0.0012 
Nickel & Cmpds 0.00035 0.05 0.0071 
1,2,4-trimethylbenzene 0.0098 800 0.000053 
1,3,5-trimethylbenzene 0.0034 800 0.000018 
ethylbenzene 0.0022 22000 0.00000043 
hexane 0.0013 7000 0.00000078 
naphthalene 0.00074 9 0.000082 
styrene 0.00013 900 0.00000065 
Acrolein 0.000088 0.4 0.00022 

HAZARD INDEX 0.12 
a Although benzene can produce haematological effects other than cancer, it has only been  
evaluated in this preliminary risk assessment for carcinogenic effects. 
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A3.2.1.4 Chronic Hazard Quotients & Index for Scenario 1, Receptor Location 7 
 
Substance Annual Average 

Concentration  
µg/m3 

Health Based 
Guideline Value 
(µg/m3) 

HAZARD 
QUOTIENT 

NO2 assuming 25% of 
Nox is NO2 

4.62 62 0.075 

SO2 0.091 572 0.00016 
PM2.5 0.092 8 0.011 
Acetone 0.14 30000 0.0000047 
Acetaldehyde 0.053 9 0.0059 
2-Butanone 0.021 3000 0.0000071 
Toluene 0.017 260 0.000067 
Xylenes 0.0089 870 0.000010 
Mercury 0.0017 1 0.0017 
Selenium 0.00016 1 0.00016 
Ammonia 0.15 100 0.0015 
Manganese & Cmpds 0.00099 0.15 0.0066 
Cadmium & Cmpds 0.0000044 0.005 0.00088 
Nickel & Cmpds 0.00020 0.05 0.0040 
1,2,4-trimethylbenzene 0.0057 800 0.00021 
1,3,5-trimethylbenzene 0.0020 800 0.000075 
ethylbenzene 0.0013 22000 0.0000017 
hexane 0.00073 7000 0.0000032 
naphthalene 0.00043 9 0.000048 
styrene 0.000078 900 0.0000026 
Acrolein 0.000051 0.4 0.00013 

HAZARD INDEX 0.11 
a Although benzene can produce haematological effects other than cancer, it has only been 
 evaluated in this risk assessment for carcinogenic effects. 
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A3.2 Calculation of Chronic Hazard Quotients & Indices  
 
A3.2.2.1 Chronic Hazard Quotients & Index Scenario 2, Receptor Location 1 
 
Substance Annual Average 

Concentration  
µg/m3 

Health Based 
Guideline Value 
(µg/m3) 

HAZARD 
QUOTIENT 

NO2 assuming 25% of 
Nox is NO2 

4.92 62 0.079 

SO2 0.19 572 0.00031 
PM2.5 0.14 8 0.025 
Acetone 0.43 30000 0.000016 
Acetaldehyde 0.14 9 0.021 
2-Butanone 0.090 3000 0.000031 
Toluene 0.069 260 0.00031 
Xylenes 0.031 870 0.000047 
Mercury 0.0066 1 0.0056 
Selenium 0.00097 1 0.00089 
Ammonia 0.74 100 0.0061 
Manganese & Cmpds 0.0048 0.15 0.027 
Cadmium & Cmpds 0.0000051 0.005 0.0010 
Nickel & Cmpds 0.0011 0.05 0.018 
1,2,4-trimethylbenzene 0.029 800 0.000033 
1,3,5-trimethylbenzene 0.0099 800 0.000011 
ethylbenzene 0.0064 22000 0.0000003 
hexane 0.0037 7000 0.0000005 
naphthalene 0.0022 9 0.00022 
styrene 0.00039 900 0.0000004 
Acrolein 0.00026 0.4 0.00059 

HAZARD INDEX 0.18 
a Although benzene can produce haematological effects other than cancer, it has only been  
evaluated in this risk assessment for carcinogenic effects. 
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A3.2.2.2 Chronic Hazard Quotients & Index for Scenario 2, Receptor Location 3 
 
 
Substance Annual Average 

Concentration  
µg/m3 

Health Based 
Guideline Value 
(µg/m3) 

HAZARD 
QUOTIENT 

NO2 assuming 25% of 
Nox is NO2 

4.05 62 0.065 

SO2 0.051 572 0.000089 
PM2.5 0.039 8 0.0049 
Acetone 0.13 30000 0.0000042 
Acetaldehyde 0.041 9 0.0045 
2-Butanone 0.024 3000 0.000008 
Toluene 0.019 260 0.000073 
Xylenes 0.0084 870 0.000010 
Mercury 0.0052 1 0.00524 
Selenium 0.00024 1 0.00024 
Ammonia 0.23 100 0.0023 
Manganese & Cmpds 0.0012 0.15 0.0082 
Cadmium & Cmpds 0.0000013 0.005 0.00025 
Nickel & Cmpds 0.00030 0.05 0.0060 
1,2,4-trimethylbenzene 0.0077 800 0.000010 
1,3,5-trimethylbenzene 0.0027 800 0.000003 
ethylbenzene 0.0017 22000 0.00000008 
hexane 0.0010 7000 0.00000014 
naphthalene 0.00059 9 0.000065 
styrene 0.00011 900 0.00000012 
Acrolein 0.000070 0.4 0.00017 

HAZARD INDEX 0.097 
a Although benzene can produce haematological effects other than cancer, it has only been 
 evaluated in this risk assessment for carcinogenic effects. 
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A3.2.2.3 Chronic Hazard Quotients & Index for Scenario 2, Receptor Location 4 
 
 
Substance Annual Average 

Concentration  
µg/m3 

Health Based 
Guideline Value 
(µg/m3) 

HAZARD 
QUOTIENT 

NO2 assuming 25% of 
Nox is NO2 

4.37 62 0.07 

SO2 0.078 572 0.00014 
PM2.5 0.057 8 0.0071 
Acetone 0.18 30000 0.0000059 
Acetaldehyde 0.056 9 0.0062 
2-Butanone 0.031 3000 0.000010 
Toluene 0.024 260 0.000093 
Xylenes 0.011 870 0.000012 
Mercury 0.0050 1 0.0050 
Selenium 0.00027 1 0.00027 
Ammonia 0.29 100 0.0029 
Manganese & Cmpds 0.0017 0.15 0.012 
Cadmium & Cmpds 0.0000013 0.005 0.00027 
Nickel & Cmpds 0.00044 0.05 0.0088 
1,2,4-trimethylbenzene 0.0098 800 0.000012 
1,3,5-trimethylbenzene 0.0034 800 0.000004 
ethylbenzene 0.0022 22000 0.00000010 
hexane 0.0013 7000 0.00000018 
naphthalene 0.00075 9 0.000083 
styrene 0.00014 900 0.00000015 
Acrolein 0.000089 0.4 0.00022 

HAZARD INDEX 0.11 
a Although benzene can produce haematological effects other than cancer, it has only been  
evaluated in this risk assessment for carcinogenic effects. 
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A3.2.2.4 Chronic Hazard Quotients & Index for Scenario 2, Receptor Location 7 
 
Substance Annual Average 

Concentration  
µg/m3 

Health Based 
Guideline Value 
(µg/m3) 

HAZARD 
QUOTIENT 

NO2 assuming 25% of 
Nox is NO2 

4.32 62 0.070 

SO2 0.095 572 0.00017 
PM2.5 0.069 8 0.0086 
Acetone 0.14 30000 0.0000047 
Acetaldehyde 0.043 9 0.0047 
2-Butanone 0.023 3000 0.000008 
Toluene 0.014 260 0.000053 
Xylenes 0.0061 870 0.000007 
Mercury 0.0021 1 0.0021 
Selenium 0.00019 1 0.00019 
Ammonia 0.18 100 0.0018 
Manganese & Cmpds 0.0012 0.15 0.0077 
Cadmium & Cmpds 0.0000010 0.005 0.00020 
Nickel & Cmpds 0.00025 0.05 0.0049 
1,2,4-trimethylbenzene 0.0056 800 0.000007 
1,3,5-trimethylbenzene 0.0019 800 0.000002 
ethylbenzene 0.0012 22000 0.00000006 
hexane 0.00072 7000 0.00000010 
naphthalene 0.00042 9 0.000047 
styrene 0.000077 900 0.00000009 
Acrolein 0.000050 0.4 0.00013 

HAZARD INDEX 0.1 
a Although benzene can produce haematological effects other than cancer, it has only been 
 evaluated in this risk assessment for carcinogenic effects. 
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A3.3 Calculation of Cancer Risks  
A3.3.1 Cancer Risks for Scenario 1 Receptor Location 1 
 
Substance Annual Average 

Concentration  
µg/m3 

UNIT RISK 
FACTOR 
per µg/m3 

CANCER RISK 

Acetaldehyde 0.191 9.00 x 10-07 1.72 x 10-07 
Benzene 0.0379 6.00 x 10-06 2.27 x 10-07  
PAHs  Refer Appendix 3.4 8.70 x 10-02 4.27 x 10-07 
Arsenic 0.0011 1.50 x 10-03 1.67 x 10-06 
 (0.00037) 1  (5.55 x 10-07) 1 

Cadmium  0.0011 1.80 x 10-03 4.50 x 10-08 
Nickel  0.000341 3.80 x 10-04 1.30 x 10-07 
Vinyl chloride 0.00034 1.00 x 10-06 8.00 x 10-12 

CANCER RISK 2.67 x 10-06 

(1.56 x 10-06)1 
1 Calculated using a GLC derived from Calpuff air dispersion model rather than Ausplume.  
 
 
A3.3.2 Cancer Risks for Scenario 1 Receptor Location 3 
 
Substance Annual Average 

Concentration  
µg/m3 

UNIT RISK 
FACTOR 
per µg/m3 

CANCER RISK 

Acetaldehyde 0.056 9.00 x 10-07 5.04 x 10-08 
Benzene 0.013 6.00 x 10-06 7.74 x 10-08 
PAHs  Refer Appendix 3.4 8.70 x 10-02 1.19 x 10-07 
Arsenic 0.00025 1.50 x 10-03 3.80 x 10-07 
Cadmium  0.0000057 1.80 x 10-03 1.03 x 10-08 
Nickel  0.0000896 3.80 x 10-04 3.40 x 10-08 
Vinyl chloride 0.0000024 1.00 x 10-06 2.39 x 10-12 

CANCER RISK 6.70 x 10-07 

 
 
A3.3.3 Cancer Risks for Scenario 1 Receptor Location 4 
 
Substance Annual Average 

Concentration  
µg/m3 

UNIT RISK 
FACTOR 
per µg/m3 

CANCER RISK 

Acetaldehyde 0.076 9.00 x 10-07 6.89 x 10-08 
Benzene 0.016 6.00 x 10-06 9.30 x 10-08 
PAHs  Refer Appendix 3.4 8.70 x 10-02 1.52 x 10-07 
Arsenic 0.00027 1.50 x 10-03 4.01 x 10-07 
Cadmium  0.0000060 1.80 x 10-03 1.08 x 10-08 
Nickel  0.000122    3.80 x 10-04 4.64 x 10-08 
Vinyl chloride 0.00038 1.00 x 10-06 3.82 x 10-10 

CANCER RISK 7.72 x 10-07 
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A3.3.4 Cancer Risks for Scenario 1 Receptor Location 7 
 
Substance Annual Average 

Concentration  
µg/m3 

UNIT RISK 
FACTOR 
per µg/m3 

CANCER RISK 

Acetaldehyde 0.053 9.00 x 10-07 4.78 x 10-08 
Benzene 0.0098 6.00 x 10-06 5.90 x 10-08 
PAHs  Refer Appendix 3.4 8.70 x 10-02 8.79 x 10-08 
Arsenic 0.0002 1.50 x 10-03 3.00 x 10-07 
Cadmium  0.0000044 1.80 x 10-03 7.92 x 10-09 
Nickel  0.0000757 3.80 x 10-04 2.88 x 10-08 
Vinyl chloride 0.0000017 1.00 x 10-06 1.74 x 10-12 

CANCER RISK 5.31 x 10-07 

 
 
A3.3.5 Cancer Risks for Scenario 2 Receptor Location 1 
 
 
Substance Annual Average 

Concentration  
µg/m3 

UNIT RISK 
FACTOR 
per µg/m3 

CANCER RISK 

Acetaldehyde 0.14 9.00 x 10-07 1.27 x 10-7 
Benzene 0.0031 6.00 x 10-06 1.84 x 10-8 
PAHs  Refer Appendix 3.4 8.70 x 10-02 1.10 x 10-8 
Arsenic 0.00023 1.5 x 10-03 3.45 x 10-7 
 (0.0000796) 1  (1.19 x 10-7) 1 

Cadmium  0.0000051 1.80 x 10-03 9.13 x 10-9 
Nickel  0.0000663 3.80 x 10-04 2.52 x 10-8 
Vinyl chloride 0.0000087 1.00 x 10-06 8.69 x 10-12 

CANCER RISK 5.36 x 10-07 
(3.10 x 10-07)1 

1. Based on a Calpuff air dispersion model rather than Ausplume.  
 
A3.3.6 Cancer Risks for Scenario 2 Receptor Location 3 
 
 
Substance Annual Average 

Concentration  
µg/m3 

UNIT RISK 
FACTOR 
per µg/m3 

CANCER RISK 

Acetaldehyde 0.041 9.00 x 10-07 3.66 x 10-8 
Benzene 0.00090 6.00 x 10-06 5.41 x 10-9 
PAHs  Refer Appendix 3.4 8.70 x 10-02 3.19 x 10-9 
Arsenic 0.00005 1.50 x 10-03 7.50 x 10-8 
Cadmium  0.0000013 1.80 x 10-03 2.25 x 10-9 
Nickel  0.0000167 3.80 x 10-04 6.35 x 10-9 
Vinyl chloride 0.0000024 1.00 x 10-06 2.36 x 10-12 

CANCER RISK 1.29 x 10-07 
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A3.3.7 Cancer Risks for Scenario 2 Receptor Location 4 
 
 
Substance Annual Average 

Concentration  
µg/m3 

UNIT RISK 
FACTOR 
per µg/m3 

CANCER RISK 

Acetaldehyde 0.056 9.00 x 10-07 5.00 x 10-8 
Benzene 0.0012 6.00 x 10-06 7.38 x 10-9 
PAHs  Refer Appendix 3.4 8.70 x 10-02 4.35 x 10-9 
Arsenic 0.00006 1.50 x 10-03 9.00 x 10-8 
Cadmium  0.0000013 1.80 x 10-03 2.41 x 10-9 
Nickel  0.0000211 3.80 x 10-04 8.02 x 10-9 
Vinyl chloride 0.0000030 1.00 x 10-06 3.00 x 10-12 

CANCER RISK 1.62 x 10-07 

 
 
 
A3.3.8 Cancer Risks for Scenario 2 Receptor Location 7 
 
 
Substance Annual Average 

Concentration  
µg/m3 

UNIT RISK 
FACTOR 
per µg/m3 

CANCER RISK 

Acetaldehyde 0.043 9.00 x 10-07 3.83 x 10-8 
Benzene 0.0011 6.00 x 10-06 6.54 x 10-9 
PAHs  Refer Appendix 3.4 8.70 x 10-02 3.34 x 10-9 
Arsenic 0.00005 1.50 x 10-03 7.50 x 10-8 
Cadmium  0.000001 1.80 x 10-03 1.82 x 10-9 
Nickel  0.0000141 3.80 x 10-04 5.36 x 10-9 
Vinyl chloride 0.0000017 1.00 x 10-06 1.70 x 10-12 

CANCER RISK 1.30 x 10-07 
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Appendix 3.4 Calculated Cancer Risks for Benzo[α]pyrene equivalents 
 
Table A3.4.1: Calculated cancer risk from predicted ground level concentrations of 

benzo[α]pyrene equivalents – Scenario1: Base Case  
 
 

 
Ground Level Concentrations (µg/m3) 

 
 Receptor 1 Receptor 3 Receptor 4 Receptor 7 Maximum 

Potency 
Factors 

Naphthalene (1) 2.80E-03 7.80E-04 1.00E-03 5.77E-04 0.001 
2-methylnapthlene 1.99E-03 5.53E-04 7.10E-04 4.09E-04 0.001 
phenanthrene 1.95E-05 5.43E-06 6.96E-06 4.01E-06 0.001 
acenapthene 4.87E-06 1.36E-06 1.74E-06 1.00E-06 0.01 
floranthene 4.87E-06 1.36E-06 1.74E-06 1.00E-06 0.01 

 
Benzo[a]pyrene equivalence (µg/m3) (GLC x Maximum Potency Factors) 

 
Naphthalene (1) 2.80E-06 7.80E-07 1.00E-06 5.77E-07 
2-methylnapthlene 1.99E-06 5.53E-07 7.10E-07 4.09E-07 
phenanthrene 1.95E-08 5.43E-09 6.96E-09 4.01E-09 
acenapthene 4.87E-08 1.36E-08 1.74E-08 1.00E-08 
floranthene 4.87E-08 1.36E-08 1.74E-08 1.00E-08 

 
Sum of Benzo[a]pyrene equivalence (µg/m3) 

 
 4.90E-06 1.37E-06 1.75E-06 1.01E-06 

 
Cancer Risk (Unitless) (Sum of BaP Equivalence x Unit Risk Factor) 

 
 4.27 x 10-07 1.19 x 10-07 1.52 x 10-07 8.79 x 10-08 
 

a The maximum potency equivalence factors were obtained from WHO 1998.  
b B[α]P unit risk factor used by WHO 2000 is 0.087(µg/m3)-1 (see Table 7.5.1). Hence 
the risk of cancer to the mixture of PAHs =  B[α]P equivalence x B[α]P unit risk factor 
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Table A3.4.2: Calculated cancer risk from predicted ground level concentrations of 
benzo[α]pyrene equivalents – Scenario 2: Upgrade Case  

 
 
  

Ground Level Concentrations (µg/m3) 

 

 

PAH Congener Receptor 1 Receptor 3 Receptor 4 Receptor 7 Maximum 
Potency 
Factorsa 

Naphthalene (1) 2.85E-03 7.68E-04 9.72E-04 5.59E-04 0.001 

2-
methylnapthlene 

2.02E-03 5.45E-04 6.90E-04 3.97E-04 0.001 

phenanthrene 1.98E-05 5.34E-06 6.76E-06 3.89E-06 0.001 
acenapthene 4.96E-06 1.34E-06 1.69E-06 9.72E-07 0.01 
floranthene 4.96E-06 1.34E-06 1.69E-06 9.72E-07 0.01 
  
Benzo[a]pyrene equivalence (µg/m3) (GLC x Maximum Potency Factors) 
 
Naphthalene (1) 2.85E-06 7.68E-07 9.72E-07 5.59E-07 

2-
methylnapthlene 

2.02E-06 5.45E-07 6.90E-07 3.97E-07 

phenanthrene 1.98E-08 5.34E-09 6.76E-09 3.89E-09 
acenapthene 4.96E-08 1.34E-08 1.69E-08 9.72E-09 
floranthene 4.96E-08 1.34E-08 1.69E-08 9.72E-09 
 

Sum of Benzo[a]pyrene equivalence (µg/m3) 
 
 4.99E-06 1.35E-06 1.70E-06 9.79E-07 

Cancer Riskb (Unitless) (Sum of BaP Equivalence x Unit Risk Factor) 

 4.34 x 10-07 1.17x 10-07 1.48x 10-07 8.52 x 10-08 
 
a The maximum potency equivalence factors were obtained from WHO 1998.  
b B[α]P unit risk factor used by WHO 2000 is 0.087(µg/m3)-1 (see Table 7.5.1). Hence the risk of cancer to the 
mixture of PAHs =  B[α]P equivalence x B[α]P unit risk factor 
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Appendix 4: Assessment for Irritancy potential. 
 
A4.1 Irritation Index Scenario 1, all locations.  
 

Compounds Maximum  
1 hr 
Concentrati
on (µg/m3) 

IRRITATION 
THRESHOLD 
(µg/m3) 

IRRITATION QUOTIENT  

Receptor Locations  

1 3 4 7 
NOX Refer App 5      

NO2  Refer App 5 not irritating19     

CO Refer App 5 not irritating18     

SO2 Refer App 5 57013 0.034 0.014 0.012 0.014 

PM2.5 Refer App 5 none available 
due to the 
variable nature 
of the 
constituent 
particles 

    

PM10 Refer App 5 none available 
due to the 
variable nature 
of the 
constituent 
particles 

    

VOC Refer App 5      

Acetone Refer App 5 2.38E+071 0.0000013 0.00000049 0.00000052 0.00000063 

Acetaldehyde Refer App 5 9.00E+047 0.00019 0.000070 0.000071 0.00010 

Formaldehyde Refer App 5 12015 0.041 0.017 0.013 0.019 

2-Butanone Refer App 5 5.90E+052 0.000010 0.0000035 0.0000036 0.0000049 

Benzene Refer App 5 9.00E+062 0.00000039 0.00000015 0.00000014 0.00000022 

Toluene Refer App 5 7.50E+053 0.000029 0.000010 0.0000099 0.000015 

Xylenes Refer App 5 4350002 0.000011 0.0000038 0.0000036 0.0000054 

PAHs modelled as 
gas 

Refer App 5      

Mercury Refer App 5      

Arsenic Refer App 5      

Selenium Refer App 5      

Dioxins & Furans 
pg/m3 modelled as 
gas 

Refer App 5      

Dioxins & Furans 
pg/m3 ESP particle 
dist.  

Refer App 5      

Ammonia Refer App 5      

Manganese & 
Cmpds 

Refer App 5 none found     

Cadmium & Cmpds Refer App 5      

Nickel & Cmpds Refer App 5      

Propanal Refer App 5 none found     

2-Pentanone Refer App 5 10,4502 0.00047 0.00016 0.00015 0.00023 
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1,2,4-
trimethylbenzene 

Refer App 5      

Butenal Refer App 5 300016 0.0010 0.00036 0.00034 0.00051 

dibromomethane Refer App 5      

2-Methylpropanal Refer App 5      

tribromomethane Refer App 5      

Butanal Refer App 5 none found     

methylene chloride 
(dichloromethane) 

Refer App 5 82800002 0.00000025 0.000000086 0.000000081 0.00000012 

Benzaldehyde Refer App 5 202 0.073 0.025 0.024 0.036 

1,3,5-
trimethylbenzene 

Refer App 5      

ethylbenzene Refer App 5 4.30E+064 0.00000020 0.000000069 0.000000065 0.000000098 

isopropanol Refer App 5      

Methacrolein Refer App 5 none found     

hexane Refer App 5 18002 0.00028 0.000095 0.000090 0.00014 

n-propylbenzene Refer App 5      

2-methylbutane Refer App 5      

Tolualdehyde Refer App 5 none found     

isopropylbenzene Refer App 5      

MIBK (methyl 
isobutyl ketone) 

Refer App 5 4100002 0.00000080 0.00000027 0.00000026 0.00000039 

cyclopentadiene Refer App 5 none found     

naphthalene Refer App 5 750002 0.0000039 0.0000013 0.0000013 0.0000019 

iodomethane Refer App 5      

Pentanal Refer App 5 none found     

Hexanal Refer App 5 300016 0.000085 0.000029 0.000027 0.000041 

2-hexanone Refer App 5      

dichlorodiflurometh
ane 

Refer App 5      

dimethyl disulphide Refer App 5 none found     

trichloroflurometha
ne 

Refer App 5      

3-methylpentane Refer App 5 none found     

chlorodibromometh
ane 

Refer App 5      

sec-butylbenzene Refer App 5      

styrene Refer App 5 4300002 0.00000012 0.000000043 0.000000040 0.000000060 

Acrolein Refer App 5 34017     

methylcyclohexane Refer App 5 none found     

2,4-dimethyl-3-
pentanone 

Refer App 5      

methylcyclopentan
e 

Refer App 5 none found     

1,2,3-
trimethylcyclopenta
ne 

Refer App 5      

bromomethane Refer App 5      

3-methyl-1-
ethylbenzene 

Refer App 5      

trimethyl-1,3-
cyclopentadiene 

Refer App 5      
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1,2-
dimethylcyclopenta
ne 

Refer App 5      

1,2-dichloroethene Refer App 5      

2-methylpentane Refer App 5 none found     

3-
methylcyclopentan
e 

Refer App 5      

trimethylcyclopenta
diene 

Refer App 5      

1,4-dimethyl-2-
ethylbenzene 

Refer App 5      

cyclohexane Refer App 5 1050002 0.000000085 0.000000029 0.000000028 0.000000042 

carbon 
tetrachloride 

Refer App 5 none found     

ethylcyclohexane Refer App 5      

1,2-dimethyl-1,3-
cyclopentadiene 

Refer App 5      

1-methyl-2-
ethylbenzene 

Refer App 5      

pentane Refer App 5 none found     

3-
methylcyclohexane 

Refer App 5 none found     

2,3,5-trimethylfuran Refer App 5      

2-
methylnaphthalene 

Refer App 5 none found     

1,2,3-
trimethylbenzene 

Refer App 5      

3,3-dimethy-1,3-
cyclopentadiene 

Refer App 5      

diethylbenzene Refer App 5      

1-ethyl-4-
ethylbenzene 

Refer App 5      

1-methylindan Refer App 5      

1,2,4-
trimethylpentane 

Refer App 5      

1,2-dimethyl-3-
ethylbenzene 

Refer App 5      

3,5-
dimethylcyclopenta
ne 

Refer App 5      

chloromethane Refer App 5      

ethylcyclopentane Refer App 5      

1-methyl-4-
isopropylbenzene 

Refer App 5      

1,3-
dichlorobenzene 

Refer App 5 2400002 0.000000013 0.0000000045 0.000000004 0.0000000064 

methyl 
cyclopentadiene 

Refer App 5      

nonane Refer App 5 none found     

isopropyltoluene Refer App 5      

1,2-
dichlorobenzene 

Refer App 5 1500002     

2,2,4-
trimethylpentane 

Refer App 5      

n-butylbenzene Refer App 5      

carbon disulphide Refer App 5 none found     



 

                                                                           Page 39 of 59                                                                TR231003A-RJF 

p-propylbenzene Refer App 5      

vinyl chloride 
(chloroethene) 

Refer App 5      

p-isopropyltoluene Refer App 5      

undecane Refer App 5      

1,1-dimethyllindan Refer App 5      

2-methyl-1-
propenylbenzene 

Refer App 5      

bromochlorometha
ne 

Refer App 5 none found     

5-methylindan Refer App 5      

chlorobenzene Refer App 5 9333302 0.0000000006 0.0000000002 0.000000000
2 

0.0000000003 

1,2,3,4-tetrahydro-
5-methylnapthalene 

Refer App 5      

decane Refer App 5      

3-hexanone Refer App 5      

2,2 
dichloropropane 

Refer App 5      

chloroethane Refer App 5      
IRRITATION INDEX 0.15 0.057 0.049 0.069 
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A4.2 Irritation index Scenario 2,  all Receptor Locations  
 

Compounds Maximum  
1 hr 
Concentrati
on (µg/m3) 

IRRITATION 
THRESHOLD 

IRRITATION QUOTIENT  

Receptor Locations  

1 3 4 7 
NOX Refer App 5      

NO2  Refer App 5 not irritating19     

CO Refer App 5 not irritating18     

SO2 Refer App 5 57013 0.013 0.014 0.013 0.014 

PM2.5 Refer App 5 none available 
due to the 
variable nature 
of the 
constituent 
particles 

    

PM10 Refer App 5 none available 
due to the 
variable nature 
of the 
constituent 
particles 

    

VOC Refer App 5      

Acetone Refer App 5 2.38E+071 0.00000041 0.00000049 0.00000041 0.00000057 

Acetaldehyde Refer App 5 9.00E+047 0.000032 0.000070 0.000032 0.000046 

Formaldehyde Refer App 5 12015 0.015 0.017 0.015 0.019 

2-Butanone Refer App 5 5.90E+052 0.0000028 0.0000035 0.0000028 0.0000038 

Benzene Refer App 5 9.00E+062 0.0000000084 0.00000015 0.000000008
4 

0.000000011 

Toluene Refer App 5 7.50E+053 0.0000036 0.000010 .0000036 0.0000053 

Xylenes Refer App 5 4350002 0.0000029 0.0000038 .0000029 0.0000041 

PAHs modelled as 
gas 

Refer App 5      

Mercury Refer App 5      

Arsenic Refer App 5      

Selenium Refer App 5      

Dioxins & Furans 
pg/m3 modelled as 
gas 

Refer App 5      

Dioxins & Furans 
pg/m3 ESP particle 
dist.  

Refer App 5      

Ammonia Refer App 5      

Manganese & 
Cmpds 

Refer App 5 none found     

Cadmium & Cmpds Refer App 5      

Nickel & Cmpds Refer App 5      

Propanal Refer App 5 none found     

2-Pentanone Refer App 5 10,4502 0.00016 0.00016 .00016 0.00023 

1,2,4- Refer App 5      
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trimethylbenzene 

Butenal Refer App 5 300016  0.00036   

dibromomethane Refer App 5      

2-Methylpropanal Refer App 5      

tribromomethane Refer App 5      

Butanal Refer App 5 none found     

methylene chloride 
(dichloromethane) 

Refer App 5 82800002 0.000000086 0.000000086 .000000086 0.00000012 

Benzaldehyde Refer App 5 202 0.025 0.025 .025 0.036 

1,3,5-
trimethylbenzene 

Refer App 5      

ethylbenzene Refer App 5 4.30E+064 0.000000069 0.000000069 .000000069 0.000000099 

isopropanol Refer App 5      

Methacrolein Refer App 5 none found     

hexane Refer App 5 18002 0.000095 0.000095 .000095 0.00014 

n-propylbenzene Refer App 5      

2-methylbutane Refer App 5      

Tolualdehyde Refer App 5 none found        

isopropylbenzene Refer App 5      

MIBK (methyl 
isobutyl ketone) 

Refer App 5 4100002 0.00000027 0.00000027 .00000027 0.00000039 

cyclopentadiene Refer App 5 none found     

naphthalene Refer App 5 750002 0.0000013 0.0000013 .0000013 0.0000019 

iodomethane Refer App 5      

Pentanal Refer App 5 none found     

Hexanal Refer App 5 300016 0.000029 0.000029 .000029 0.000042 

2-hexanone Refer App 5      

dichlorodiflurometh
ane 

Refer App 5      

dimethyl disulphide Refer App 5 none found     

trichloroflurometha
ne 

Refer App 5      

3-methylpentane Refer App 5 none found     

chlorodibromometh
ane 

Refer App 5      

sec-butylbenzene Refer App 5      

styrene Refer App 5 4300002 0.000000042 0.000000043 0.000000042 0.000000061 

Acrolein Refer App 5 34017 0.000035  0.000035 0.000050 

methylcyclohexane Refer App 5 none found     

2,4-dimethyl-3-
pentanone 

Refer App 5      

methylcyclopentan
e 

Refer App 5 none found     

1,2,3-
trimethylcyclopenta
ne 

Refer App 5      

bromomethane Refer App 5      

3-methyl-1-
ethylbenzene 

Refer App 5      

trimethyl-1,3-
cyclopentadiene 

Refer App 5      



 

                                                                           Page 42 of 59                                                                TR231003A-RJF 

1,2-
dimethylcyclopenta
ne 

Refer App 5      

1,2-dichloroethene Refer App 5      

2-methylpentane Refer App 5 none found     

3-
methylcyclopentan
e 

Refer App 5      

trimethylcyclopenta
diene 

Refer App 5      

1,4-dimethyl-2-
ethylbenzene 

Refer App 5      

cyclohexane Refer App 5 1050002 0.000000029 0.000000029 0.000000029 0.000000042 

carbon 
tetrachloride 

Refer App 5 none found     

ethylcyclohexane Refer App 5      

1,2-dimethyl-1,3-
cyclopentadiene 

Refer App 5      

1-methyl-2-
ethylbenzene 

Refer App 5      

pentane Refer App 5 none found     

3-
methylcyclohexane 

Refer App 5 none found     

2,3,5-trimethylfuran Refer App 5      

2-
methylnaphthalene 

Refer App 5 none found     

1,2,3-
trimethylbenzene 

Refer App 5      

3,3-dimethy-1,3-
cyclopentadiene 

Refer App 5      

diethylbenzene Refer App 5      

1-ethyl-4-
ethylbenzene 

Refer App 5      

1-methylindan Refer App 5      

1,2,4-
trimethylpentane 

Refer App 5      

1,2-dimethyl-3-
ethylbenzene 

Refer App 5      

3,5-
dimethylcyclopenta
ne 

Refer App 5      

chloromethane Refer App 5      

ethylcyclopentane Refer App 5      

1-methyl-4-
isopropylbenzene 

Refer App 5      

1,3-
dichlorobenzene 

Refer App 5 2400002 0.0000000045 0.0000000045 0.000000004
5 

0.0000000064 

methyl 
cyclopentadiene 

Refer App 5      

nonane Refer App 5 none found     

isopropyltoluene Refer App 5      

1,2-
dichlorobenzene 

Refer App 5 1500002     

2,2,4-
trimethylpentane 

Refer App 5      

n-butylbenzene Refer App 5      

carbon disulphide Refer App 5 none found     
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p-propylbenzene Refer App 5      

vinyl chloride 
(chloroethene) 

Refer App 5      

p-isopropyltoluene Refer App 5      

undecane Refer App 5      

1,1-dimethyllindan Refer App 5      

2-methyl-1-
propenylbenzene 

Refer App 5      

bromochlorometha
ne 

Refer App 5 none found     

5-methylindan Refer App 5      

chlorobenzene Refer App 5 9333302 0.0000000002
2 

0.0000000002 0.000000000
22 

0.0000000003 

1,2,3,4-tetrahydro-
5-methylnapthalene 

Refer App 5      

decane Refer App 5      

3-hexanone Refer App 5      

2,2 
dichloropropane 

Refer App 5      

chloroethane Refer App 5      
IRRITATION INDEX 0.16 0.058 0.053 0.070 
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Appendix 5 – Consolidated Ground Level Concentrations as provided by Environ.  
 
Appendix 5.1 – Ground Level Concentrations at each Receptor Location - Base Case 
 
  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 
Emission 
Component 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th%ile    
1 hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3

Maxi
mum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

NOX 76. 16.  2.1 38. 5.3  .70 32. 9.7  1.1 33. 12.  1.1 
NO2 (refin + 
backg) 

70. 20.2  5.48 45.2 12.5  4.26 38.2 2.4  4.68 45.5 2.9  4.62 

CO 195. 26.  2.0 71. 7.5  .55 56. 14.  .80 81. 17.  .93 
SO2 19. 3.3 3.3 .18 8.1 .90 1.5 .050 6.6 1.7 1.5 .074 8.0 2.4 2.6 .091 
PM2.5 14.  1.9 .20 5.6  .78 .058 4.5  .88 .079 5.1  1.5 .092 
PM10 28.  4.0 .39 11.  1.5 .12 9.8  1.8 .15 10.  2.4 .17 
VOC 112. 14.  1.3 41. 2.7  .40 42. 3.1  .53 57. 4.5  .36 
Acetone 31. 4.0  .48 12. .98  .14 12. 1.3  .19 15. 1.8  .14 
Acetaldehyde 17. 1.9 1.9 .19 6.3 .31 .92 .056 6.4 .37 1.0 .077 9.0 .48 1.1 .053 
Formaldehyde 4.9 .59 0.68 .036 2.0 .18 0.35 .011 1.5 .37 0.35 .016 2.2 .51 0.61 .019 
2-Butanone 6.0 .72  .093 2.0 .12  .025 2.1 .12  .034 2.9 .17  .021 
Benzene 3.5 .29  .038 1.4 .043  .013 1.3 .047  .016 2.0 .069  .0098 
Toluene 21. 1.7 1.98 .081 7.8 .22 1.39 .023 7.4 .22 1.10 .031 11. .29 1.14 .017 
Xylenes 4.8 .45 .48 .041 1.7 .053 .22 .012 1.6 .050 .25 .015 2.4 .063 .24 .0089 
PAHs 
modelled as 
gas 

.39 .040  .0028 .13 .0049  .00078 .13 .0046  .0010 .18 .0059  .00058 

Mercury .50 .021  .0056 .35 .012  .0044 .30 .0090  .0042 .26 .0067  .0017 
Arsenic .065 .0062  .0011 

Calpuff 
(.00037) 

.022 .0008
5 

 .00025 .015 .0010  .00027 .020 .0015  .00020 

Selenium .049 .0048  .00089 .018 .0006
3 

 .00021 .013 .00077  .00023 .014 .0012  .00016 

Dioxins & 
Furans pg/m3 
modelled as 
gas 

.0048 .00045   .000081 .0016 .0000
61 

  .000018 .0011 .000071   .000019 .0012 .00011   .000014 

Dioxins & 
Furans pg/m3 

.0047 na   .000071 .0014 na   .000015 .0012 na   .000017 .0015 na   .000012 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 
Emission 
Component 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th%ile    
1 hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3

Maxi
mum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

ESP particle 
dist.  
Ammonia 87. 5.8  .61 33. .75  .19 31. .88  .24 48. 1.1  .15 
Manganese & 
Cmpds 

.27 .020  .0040 .089 .0031  .0011 .088 .0039  .0015 .13 .0053  .00099 

Cadmium & 
Cmpds 

.0015 .00014  .000025 .00049 .0000
19 

 .000005
7 

.000022 .0011  .000006
0 

.00003
4 

.0014  .000004
4 

Nickel & 
Cmpds 

.024 .0046  .00089 .008 .0005
0 

 .00024 .008 .00073  .00035 .012 .00091  .00020 

Propanal 7.0 .65 .69 .047 2.4 .076 .31 .014 2.3 .072 .36 .018 3.4 .091 .34 .010 
2-Pentanone 5.0 .46 .49 .034 1.7 .054 .22 .010 1.6 .051 .25 .012 2.4 .064 .24 .0073 
1,2,4-
trimethylbenze
ne 

3.9 .36 .38 .026 1.3 .042 .17 .0079 1.3 .040 .20 .0098 1.9 .050 .19 .0057 

Butenal 3.1 .29 .31 .021 1.1 .034 .14 .0064 1.0 .032 .16 .0079 1.5 .041 .15 .0046 
dibromometha
ne 

3.0 .28 .30 .020 1.0 .033 .13 .0061 .98 .031 .15 .0076 1.5 .039 .15 .0044 

2-
Methylpropanal 

2.3 .22 .23 .016 .80 .025 .10 .0047 .75 .024 .12 .0059 1.1 .030 .11 .0034 

tribromometha
ne 

2.3 .21 .22 .016 .79 .025 .10 .0046 .74 .024 .12 .0058 1.1 .030 .11 .0034 

Butanal 2.1 .20 .21 .014 .73 .023 .094 .0043 .68 .022 .11 .0053 1.0 .027 .10 .0031 
methylene 
chloride 
(dichlorometha
ne) 

2.1 .19 .20 .014 .72 .023 .092 .0042 .67 .021 .11 .0052 1.0 .027 .10 .0031 

Benzaldehyde 1.5 .14 .14 .0100 .51 .016 .065 .0030 .48 .015 .075 .0037 .72 .019 .072 .0022 
1,3,5-
trimethylbenze
ne 

1.4 .12 .13 .0092 .46 .015 .060 .0027 .44 .014 .069 .0034 .66 .017 .067 .0020 

ethylbenzene .87 .080 .085 .0059 .30 .0095 .038 .0018 .28 .0089 .044 .0022 .42 .011 .043 .0013 
isopropanol .65 .060 .064 .0044 .22 .0071 .029 .0013 .21 .0067 .033 .0016 .32 .0084 .032 .00096 
Methacrolein .62 .057 .061 .0042 .21 .0068 .027 .0013 .20 .0064 .032 .0016 .30 .0080 .031 .00091 
hexane .50 .046 .049 .0034 .17 .0055 .022 .0010 .16 .0051 .025 .0013 .24 .0065 .025 .00073 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 
Emission 
Component 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th%ile    
1 hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3

Maxi
mum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

n-
propylbenzene 

.47 .043 .046 .0032 .16 .0051 .021 .00095 .15 .0048 .024 .0012 .23 .0061 .023 .00069 

2-
methylbutane 

.43 .039 .042 .0029 .15 .0047 .019 .00086 .14 .0044 .022 .0011 .21 .0055 .021 .00063 

Tolualdehyde .40 .037 .040 .0027 .14 .0044 .018 .00082 .13 .0042 .021 .0010 .20 .0052 .020 .00059 
isopropylbenze
ne 

.34 .031 .033 .0023 .12 .0037 .015 .00069 .11 .0035 .017 .00086 .17 .0044 .017 .00050 

MIBK (methyl 
isobutyl 
ketone) 

.33 .030 .032 .0022 .11 .0036 .014 .00066 .11 .0034 .017 .00082 .16 .0042 .016 .00048 

cyclopentadien
e 

.30 .028 .029 .0020 .10 .0033 .013 .00061 .097 .0031 .015 .00076 .15 .0039 .015 .00044 

naphthalene .29 .027 .029 .0020 .10 .0032 .013 .00060 .095 .0030 .015 .00074 .14 .0038 .014 .00043 
iodomethane .28 .026 .027 .0019 .095 .0030 .012 .00056 .089 .0028 .014 .00070 .13 .0036 .014 .00041 
Pentanal .26 .024 .026 .0018 .091 .0029 .012 .00054 .086 .0027 .013 .00067 .13 .0034 .013 .00039 
Hexanal .25 .024 .025 .0017 .088 .0028 .011 .00052 .082 .0026 .013 .00064 .12 .0033 .013 .00037 
dichloromethan
e 

.16 .015 .015 .0011 .054 .0017 .0070 .00032 .051 .0016 .0080 .00040 .077 .0020 .007
8 

.00023 

2-hexanone .15 .014 .015 .0010 .052 .0017 .0067 .00031 .049 .0016 .0077 .00038 .074 .0020 .007
5 

.00022 

dichlorodifluro
methane 

.15 .014 .015 .0010 .052 .0016 .0066 .00030 .048 .0015 .0076 .00038 .073 .0019 .007
4 

.00022 

dimethyl 
disulphide 

.14 .013 .014 .00094 .048 .0015 .0062 .00028 .045 .0014 .0071 .00035 .068 .0018 .006
9 

.00020 

trichloroflurom
ethane 

.12 .011 .012 .00081 .041 .0013 .0053 .00024 .039 .0012 .0061 .00030 .058 .0015 .005
9 

.00018 

3-
methylpentane 

.12 .011 .012 .00080 .041 .0013 .0053 .00024 .038 .0012 .0060 .00030 .058 .0015 .005
8 

.00017 

chlorodibromo
methane 

.11 .010 .011 .00074 .038 .0012 .0049 .00022 .035 .0011 .0056 .00028 .053 .0014 .005
4 

.00016 

sec-
butylbenzene 

.083 .0077 .0081 .00056 .028 .0009
1 

.0037 .00017 .027 .00085 .0042 .00021 .040 .0011 .004
1 

.00012 

styrene .053 .0049 .0052 .00036 .018 .0005
8 

.0024 .00011 .017 .00055 .0027 .00013 .026 .00069 .002
6 

.000078 

Acrolein .035 .0032 .0034 .00024 .012 .0003
8 

.0015 .000071 .011 .00036 .0018 .000088 .017 .00045 .001
7 

.000051 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 
Emission 
Component 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th%ile    
1 hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3

Maxi
mum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

methylcyclohex
ane 

.026 .0024 .0026 .00018 .0091 .0002
9 

.0012 .000054 .0085 .00027 .0013 .000067 .013 .00034 .001
3 

.000039 

2,4-dimethyl-3-
pentanone 

.022 .0020 .0021 .00015 .0074 .0002
4 

.0009
6 

.000044 .0070 .00022 .0011 .000054 .010 .00028 .001
1 

.000032 

methylcyclope
ntane 

.019 .0018 .0019 .00013 .0066 .0002
1 

.0008
5 

.000039 .0062 .00020 .0009
8 

.000049 .0094 .00025 .000
95 

.000028 

1,2,3-
trimethylcyclop
entane 

.019 .0018 .0019 .00013 .0066 .0002
1 

.0008
5 

.000039 .0062 .00020 .0009
8 

.000049 .0094 .00025 .000
95 

.000028 

bromomethane .019 .0017 .0018 .00013 .0064 .0002
0 

.0008
2 

.000038 .0060 .00019 .0009
5 

.000047 .0090 .00024 .000
92 

.000027 

3-methyl-1-
ethylbenzene 

.017 .0015 .0016 .00011 .0057 .0001
8 

.0007
4 

.000034 .0054 .00017 .0008
5 

.000042 .0081 .00022 .000
82 

.000024 

trimethyl-1,3-
cyclopentadien
e 

.015 .0014 .0014 .00010 .0051 .0001
6 

.0006
6 

.000030 .0048 .00015 .0007
5 

.000037 .0072 .00019 .000
73 

.000022 

1,2-
dimethylcyclop
entane 

.012 .0011 .0012 .000084 .0043 .0001
4 

.0005
5 

.000025 .0040 .00013 .0006
3 

.000031 .0060 .00016 .000
61 

.000018 

1,2-
dichloroethene 

.012 .0011 .0011 .000079 .0040 .0001
3 

.0005
2 

.000024 .0038 .00012 .0006
0 

.000030 .0057 .00015 .000
58 

.000017 

2-
methylpentane 

.011 .0010 .0011 .000073 .0037 .0001
2 

.0004
8 

.000022 .0035 .00011 .0005
5 

.000027 .0053 .00014 .000
53 

.000016 

3-
methylcyclope
ntane 

.011 .0010 .0011 .000073 .0037 .0001
2 

.0004
8 

.000022 .0035 .00011 .0005
5 

.000027 .0053 .00014 .000
53 

.000016 

trimethylcyclop
entadiene 

.010 .00095 .0010 .000070 .0035 .0001
1 

.0004
6 

.000021 .0033 .00011 .0005
2 

.000026 .0050 .00013 .000
51 

.000015 

1,4-dimethyl-2-
ethylbenzene 

.0098 .00090 .0009
6 

.000066 .0034 .0001
1 

.0004
3 

.000020 .0032 .00010 .0005
0 

.000025 .0048 .00013 .000
48 

.000014 

cyclohexane .0090 .00083 .0008
8 

.000061 .0031 .0000
98 

.0004
0 

.000018 .0029 .000092 .0004
6 

.000023 .0044 .00012 .000
44 

.000013 

carbon 
tetrachloride 

.0085 .00079 .0008
3 

.000058 .0029 .0000
93 

.0003
8 

.000017 .0027 .000087 .0004
3 

.000021 .0041 .00011 .000
42 

.000013 

ethylcyclohexa
ne 

.0082 .00076 .0008
0 

.000055 .0028 .0000
89 

.0003
6 

.000017 .0026 .000084 .0004
2 

.000021 .0040 .00011 .000
40 

.000012 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 
Emission 
Component 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th%ile    
1 hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3

Maxi
mum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

1,2-dimethyl-
1,3-
cyclopentadien
e 

.0080 .00074 .0007
8 

.000054 .0027 .0000
87 

.0003
5 

.000016 .0026 .000082 .0004
1 

.000020 .0039 .00010 .000
39 

.000012 

1-methyl-2-
ethylbenzene 

.0077 .00071 .0007
5 

.000052 .0026 .0000
84 

.0003
4 

.000016 .0025 .000079 .0003
9 

.000019 .0037 .00009
9 

.000
38 

.000011 

pentane .0074 .00068 .0007
2 

.000050 .0025 .0000
81 

.0003
3 

.000015 .0024 .000076 .0003
8 

.000019 .0036 .00009
6 

.000
36 

.000011 

3-
methylcyclohex
ane 

.0066 .00061 .0006
5 

.000045 .0023 .0000
72 

.0002
9 

.000013 .0021 .000068 .0003
4 

.000017 .0032 .00008
5 

.000
33 

.000009
7 

2,3,5-
trimethylfuran 

.0063 .00059 .0006
2 

.000043 .0022 .0000
69 

.0002
8 

.000013 .0020 .000065 .0003
2 

.000016 .0031 .00008
2 

.000
31 

.000009
3 

2-
methylnaphthal
ene 

.0059 .00054 .0005
7 

.000040 .0020 .0000
64 

.0002
6 

.000012 .0019 .000060 .0003
0 

.000015 .0029 .00007
6 

.000
29 

.000008
6 

1,2,3-
trimethylbenze
ne 

.0055 .00051 .0005
4 

.000038 .0019 .0000
61 

.0002
5 

.000011 .0018 .000057 .0002
8 

.000014 .0027 .00007
2 

.000
27 

.000008
2 

3,3-dimethy-
1,3-
cyclopentadien
e 

.0053 .00049 .0005
2 

.000036 .0018 .0000
58 

.0002
3 

.000011 .0017 .000054 .0002
7 

.000013 .0026 .00006
8 

.000
26 

.000007
8 

diethylbenzene .0053 .00049 .0005
2 

.000036 .0018 .0000
58 

.0002
3 

.000011 .0017 .000054 .0002
7 

.000013 .0026 .00006
8 

.000
26 

.000007
8 

1-ethyl-4-
ethylbenzene 

.0044 .00041 .0004
3 

.000030 .0015 .0000
48 

.0002
0 

.000008
9 

.0014 .000045 .0002
2 

.000011 .0021 .00005
7 

.000
22 

.000006
5 

1-methylindan .0043 .00040 .0004
2 

.000029 .0015 .0000
47 

.0001
9 

.000008
7 

.0014 .000044 .0002
2 

.000011 .0021 .00005
6 

.000
21 

.000006
3 

1,2,4-
trimethylpentan
e 

.0040 .00037 .0003
9 

.000027 .0014 .0000
43 

.0001
8 

.000008
0 

.0013 .000041 .0002
0 

.000010
0 

.0019 .00005
1 

.000
20 

.000005
8 

1,2-dimethyl-3-
ethylbenzene 

.0040 .00037 .0003
9 

.000027 .0014 .0000
43 

.0001
8 

.000008
0 

.0013 .000041 .0002
0 

.000010
0 

.0019 .00005
1 

.000
20 

.000005
8 

3,5-
dimethylcyclop
entane 

.0037 .00034 .0003
6 

.000025 .0013 .0000
40 

.0001
6 

.000007
5 

.0012 .000038 .0001
9 

.000009
3 

.0018 .00004
8 

.000
18 

.000005
4 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 
Emission 
Component 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th%ile    
1 hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3

Maxi
mum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

chloromethane .0035 .00032 .0003
4 

.000023 .0012 .0000
38 

.0001
5 

.000007
0 

.0011 .000035 .0001
8 

.000008
7 

.0017 .00004
5 

.000
17 

.000005
1 

ethylcyclopent
ane 

.0034 .00032 .0003
4 

.000023 .0012 .0000
38 

.0001
5 

.000007
0 

.0011 .000035 .0001
7 

.000008
7 

.0017 .00004
4 

.000
17 

.000005
1 

1-methyl-4-
isopropylbenze
ne 

.0031 .00029 .0003
1 

.000021 .0011 .0000
34 

.0001
4 

.000006
4 

.0010 .000032 .0001
6 

.000007
9 

.0015 .00004
1 

.000
15 

.000004
6 

1,3-
dichlorobenzen
e 

.0031 .00029 .0003
1 

.000021 .0011 .0000
34 

.0001
4 

.000006
4 

.0010 .000032 .0001
6 

.000007
9 

.0015 .00004
1 

.000
15 

.000004
6 

methyl 
cyclopentadien
e 

.0026 .00024 .0002
6 

.000018 .00090 .0000
29 

.0001
2 

.000005
3 

.00085 .000027 .0001
3 

.000006
6 

.0013 .00003
4 

.000
13 

.000003
9 

nonane .0023 .00021 .0002
2 

.000015 .00078 .0000
25 

.0001
0 

.000004
6 

.00073 .000023 .0001
2 

.000005
7 

.0011 .00002
9 

.000
11 

.000003
3 

isopropyltoluen
e 

.0023 .00021 .0002
2 

.000015 .00078 .0000
25 

.0001
0 

.000004
6 

.00073 .000023 .0001
2 

.000005
7 

.0011 .00002
9 

.000
11 

.000003
3 

1,2-
dichlorobenzen
e 

.0022 .00020 .0002
2 

.000015 .00076 .0000
24 

.0000
98 

.000004
5 

.00071 .000023 .0001
1 

.000005
6 

.0011 .00002
9 

.000
11 

.000003
2 

2,2,4-
trimethylpentan
e 

.0021 .00020 .0002
1 

.000014 .00073 .0000
23 

.0000
94 

.000004
3 

.00068 .000022 .0001
1 

.000005
3 

.0010 .00002
7 

.000
10 

.000003
1 

n-butylbenzene .0020 .00019 .0002
0 

.000014 .00070 .0000
22 

.0000
90 

.000004
1 

.00066 .000021 .0001
0 

.000005
1 

.00099 .00002
6 

.000
10 

.000003
0 

carbon 
disulphide 

.0020 .00019 .0002
0 

.000014 .00070 .0000
22 

.0000
90 

.000004
1 

.00065 .000021 .0001
0 

.000005
1 

.00098 .00002
6 

.000
100 

.000003
0 

p-
propylbenzene 

.0012 .00011 .0001
2 

.000008
2 

.00042 .0000
13 

.0000
54 

.000002
5 

.00039 .000012 .0000
62 

.000003
0 

.00059 .00001
6 

.000
060 

.000001
8 

vinyl chloride 
(chloroethene) 

.0012 .00011 .0001
2 

.000008
0 

.00041 .0000
13 

.0000
52 

.000002
4 

.00038 .000012 .0000
60 

.000003
0 

.00058 .00001
5 

.000
058 

.000001
7 

p-
isopropyltoluen
e 

.00095 .000088 .0000
93 

.000006
4 

.00033 .0000
10 

.0000
42 

.000001
9 

.00031 .000009
7 

.0000
48 

.000002
4 

.00046 .00001
2 

.000
047 

.000001
4 

undecane .00079 .000073 .0000
78 

.000005
4 

.00027 .0000
087 

.0000
35 

.000001
6 

.00026 .000008
1 

.0000
40 

.000002
0 

.00039 .00001
0 

.000
039 

.000001
2 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 
Emission 
Component 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th%ile    
1 hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3

Maxi
mum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

1,1-
dimethyllindan 

.00079 .000073 .0000
78 

.000005
4 

.00027 .0000
087 

.0000
35 

.000001
6 

.00026 .000008
1 

.0000
40 

.000002
0 

.00039 .00001
0 

.000
039 

.000001
2 

2-methyl-1-
propenylbenze
ne 

.00074 .000068 .0000
72 

.000005
0 

.00025 .0000
081 

.0000
33 

.000001
5 

.00024 .000007
6 

.0000
38 

.000001
9 

.00036 .00000
96 

.000
036 

.000001
1 

bromochlorom
ethane 

.00073 .000067 .0000
71 

.000004
9 

.00025 .0000
080 

.0000
32 

.000001
5 

.00024 .000007
5 

.0000
37 

.000001
8 

.00035 .00000
94 

.000
036 

.000001
1 

5-methylindan .00071 .000066 .0000
70 

.000004
8 

.00025 .0000
078 

.0000
32 

.000001
4 

.00023 .000007
3 

.0000
36 

.000001
8 

.00035 .00000
92 

.000
035 

.000001
0 

chlorobenzene .00059 .000055 .0000
58 

.000004
0 

.00020 .0000
064 

.0000
26 

.000001
2 

.00019 .000006
1 

.0000
30 

.000001
5 

.00029 .00000
76 

.000
029 

.000000
87 

1,2,3,4-
tetrahydro-5-
methylnapthale
ne 

.00055 .000051 .0000
54 

.000003
8 

.00019 .0000
061 

.0000
25 

.000001
1 

.00018 .000005
7 

.0000
28 

.000001
4 

.00027 .00000
72 

.000
027 

.000000
82 

decane .00045 .000042 .0000
44 

.000003
0 

.00015 .0000
049 

.0000
20 

.000000
91 

.00015 .000004
6 

.0000
23 

.000001
1 

.00022 .00000
58 

.000
022 

.000000
66 

3-hexanone .00040 .000037 .0000
39 

.000002
7 

.00014 .0000
043 

.0000
18 

.000000
80 

.00013 .000004
1 

.0000
20 

.000001
00 

.00019 .00000
51 

.000
020 

.000000
58 

2,2 
dichloropropan
e 

.000053 .0000049 .0000
052 

.000000
36 

.000018 .0000
0058 

.0000
023 

.000000
11 

.000017 .000000
54 

.0000
027 

.000000
13 

.00002
6 

.00000
068 

.000
0026 

.000000
078 

chloroethane .000032 .0000029 .0000
031 

.000000
21 

.000011 .0000
0035 

.0000
014 

.000000
064 

.000010 .000000
32 

.0000
016 

.000000
080 

.00001
5 

.00000
041 

.000
0016 

.000000
047 

acetone .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
MPK .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
3 methyl 
butanal 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

benzaldehyde .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
acetophenone .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
heptane .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
hexatriene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1,2-xylene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1,3-xylene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
ethynylbenzen
e 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 
Emission 
Component 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th%ile    
1 hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

Maximu
m 1 
hour 
GLC 
ug/m3 

95th% 
ile 1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3

Maxi
mum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 
24 hr 
GLC 
ug/m
3 

Annual 
Averag
e ug/m3 

indene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
biphenyl .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1-
methylnaphthal
ene 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

anthracene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
phenanthrene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
pyrene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
acenaphthene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
fluoranthene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
9H-fluorene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
nitrobenzene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
phenol .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
pyridine .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
quinoline .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1H-indole .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
benzofuran .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
dibenzofuran .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
benzonitrile .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
acenaphthylen
e  

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9H-fluoren-9-
one 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

DMS .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
dimethylaceta
mide 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

dimethylforma
mide 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

                 

The GLCs in this workbook were consolidated from 2 files provided to Toxikos by Environ.  These are "model_results_summary_final" and "GLCs 
based on dilution factors final" 

    

 



 

                                                                           Page 53 of 59                                                                TR231003A-RJF 

Appendix 5.2 – Ground Level Concentrations at each Receptor Location – Future Case 
 

  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 

Emission 
Component 

Max 1 
hour 
GLC 
ug/m3 

95th%il
e     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Average 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th
%ile     
1 
hour 
GLC 
ug/m
3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3 

NOX 78. 16.  1.4 39. 5.4  .46 36. 9.8  .79 34. 12.  .74 
NO2 (refin + 
backg) 

71. 4.0  4.92 46.9 1.3  4.05 38.2 2.5  4.37 46.4 3.0  4.32 

CO 206. 28.  1.7 76. 8.0  .47 65. 16.  .75 84. 21.  .92 
SO2 20. 3.3 3.4 .19 8.3 .89 1.6 .051 7.2 1.7 1.5 .078 8.2 2.5 2.7 .095 
PM2.5 10.  1.5 .14 4.5  .63 .039 3.7  .73 .057 4.5  1.2 .069 
PM10 21.  3.0 .27 9.1  1.2 .080 8.4  1.4 .11 9.1  2.1 .12 
VOC 67. 9.6  1.0 22. 2.2  .29 24. 2.7  .40 33. 3.7  .30 
Acetone 25. 3.0  .43 9.1 .88  .13 9.8 1.2  .18 14. 1.7  .14 
Acetaldehyde 7.9 1.1 1.0 .14 2.5 .22 .41 .041 2.9 .26 .50 .056 4.2 .36 .53 .043 
Formaldehyde 5.1 .61 0.72 .034 2.2 .18 0.38 .0100 1.8 .41 0.39 .016 2.3 .53 0.64 .019 
2-Butanone 4.9 .65  .090 1.5 .12  .024 1.7 .12  .031 2.3 .15  .023 
Benzene .20 .036  .0031 .085 .010  .00090 .076 .017  .0012 .097 .022  .0011 
Toluene 8.6 .85 0.89 .069 2.7 .11 0.35 .019 2.7 .097 0.44 .024 4.0 .13 0.40 .014 
Xylenes 3.9 .38 .40 .031 1.2 .042 .16 .0084 1.2 .037 .20 .011 1.8 .049 .18 .0061 
PAHs modelled 
as gas 

.37 .037  .0029 .12 .0043  .00077 .12 .0037  .00097 .17 .0051  .00056 

Mercury .58 .023  .0066 .41 .014  .0052 .35 .010  .0050 .30 .0079  .0021 
Arsenic .0072 .00087   .00023 

Calpuff 
(.00007
96)  

.0029 .00013   .00005
5 

.0020 .00016  .00006 .0021 .0002
4 

 .00005 

Selenium .047 .0057  .00097 .020 .00081  .00024 .014 .00099  .00027 .015 .0015  .00019 
Dioxins & Furans 
pg/m3 modelled 
as gas 

.0045 .00051   .000086 .0017 .00007
2 

  .000021 .0011 .000088   .000022 .0012 .0001
4 

  .000017 

Dioxins & Furans 
pg/m3 ESP 
particle dist.  

.0050 na   .000081 .0017 na   .000018 .0013 na   .000020 .0016 na   .000014 

Ammonia 101. 6.8  .74 38. .87  .23 36. 1.0  .29 55. 1.3  .18 
Manganese & 
Cmpds 

.31 .023  .0048 .10 .0033  .0012 .10 .0042  .0017 .14 .0058  .0012 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 

Emission 
Component 

Max 1 
hour 
GLC 
ug/m3 

95th%il
e     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Average 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th
%ile     
1 
hour 
GLC 
ug/m
3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3 

Cadmium & 
Cmpds 

.00 .0086    .040 .00094    .040 .0012    .059 .0017    

Nickel & Cmpds .003 .0004  .000066 .001 .00005  .000017 .001 .00006  .00002 .002 .0001  .000014 
Propanal 7.5 .74 .77 .051 2.4 .081 .30 .014 2.4 .071 .38 .018 3.4 .094 .34 .010 
2-Pentanone 5.3 .52 .55 .036 1.7 .058 .21 .0099 1.7 .050 .27 .013 2.4 .067 .24 .0071 
1,2,4-
trimethylbenzene 

4.2 .41 .43 .029 1.3 .045 .17 .0077 1.3 .039 .21 .0098 1.9 .052 .19 .0056 

Butenal 3.4 .33 .35 .023 1.1 .037 .14 .0063 1.1 .032 .17 .0080 1.5 .042 .15 .0045 
dibromomethane 3.3 .32 .33 .022 1.0 .035 .13 .0060 1.0 .030 .17 .0077 1.5 .041 .15 .0044 
2-Methylpropanal 2.5 .25 .26 .017 .79 .027 .10 .0047 .80 .024 .13 .0059 1.1 .031 .11 .0034 
tribromomethane 2.5 .24 .25 .017 .78 .027 .099 .0046 .78 .023 .13 .0058 1.1 .031 .11 .0033 
Butanal 2.3 .22 .23 .016 .72 .025 .092 .0042 .72 .021 .12 .0054 1.0 .028 .10 .0030 
methylene 
chloride 
(dichloromethane
) 

2.2 .22 .23 .015 .71 .024 .090 .0042 .71 .021 .11 .0053 1.0 .028 .10 .0030 

Benzaldehyde 1.6 .16 .16 .011 .50 .017 .064 .0029 .50 .015 .081 .0037 .72 .020 .071 .0021 
1,3,5-
trimethylbenzene 

1.5 .14 .15 .0099 .46 .016 .059 .0027 .46 .014 .074 .0034 .66 .018 .065 .0019 

ethylbenzene .93 .091 .096 .0064 .29 .010 .038 .0017 .30 .0087 .048 .0022 .43 .012 .042 .0012 
isopropanol .70 .069 .072 .0048 .22 .0076 .028 .0013 .22 .0066 .036 .0017 .32 .0088 .031 .00094 
Methacrolein .67 .065 .068 .0046 .21 .0072 .027 .0012 .21 .0063 .034 .0016 .30 .0083 .030 .00089 
hexane .54 .053 .055 .0037 .17 .0058 .022 .00100 .17 .0050 .027 .0013 .25 .0067 .024 .00072 
n-propylbenzene .51 .049 .052 .0034 .16 .0055 .020 .00093 .16 .0047 .026 .0012 .23 .0063 .023 .00067 
2-methylbutane .46 .045 .047 .0031 .14 .0050 .019 .00085 .15 .0043 .023 .0011 .21 .0057 .021 .00061 
Tolualdehyde .44 .043 .045 .0030 .14 .0047 .018 .00081 .14 .0041 .022 .0010 .20 .0054 .020 .00058 
isopropylbenzen
e 

.37 .036 .038 .0025 .12 .0040 .015 .00068 .12 .0034 .019 .00086 .17 .0046 .016 .00049 

MIBK (methyl 
isobutyl ketone) 

.35 .035 .036 .0024 .11 .0038 .014 .00065 .11 .0033 .018 .00083 .16 .0044 .016 .00047 

cyclopentadiene .32 .032 .033 .0022 .10 .0035 .013 .00060 .10 .0030 .016 .00076 .15 .0040 .014 .00043 
naphthalene .32 .031 .032 .0022 .100 .0034 .013 .00059 .10 .0030 .016 .00075 .14 .0039 .014 .00042 
iodomethane .30 .029 .030 .0020 .094 .0032 .012 .00055 .094 .0028 .015 .00070 .14 .0037 .013 .00040 
Pentanal .29 .028 .029 .0019 .090 .0031 .011 .00053 .091 .0027 .015 .00067 .13 .0036 .013 .00038 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 

Emission 
Component 

Max 1 
hour 
GLC 
ug/m3 

95th%il
e     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Average 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th
%ile     
1 
hour 
GLC 
ug/m
3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3 

Hexanal .27 .027 .028 .0019 .086 .0030 .011 .00051 .087 .0026 .014 .00065 .13 .0034 .012 .00037 
dichloromethane .17 .017 .017 .0012 .054 .0018 .0068 .00031 .054 .0016 .0087 .00040 .078 .0021 .0076 .00023 
2-hexanone .16 .016 .017 .0011 .051 .0018 .0066 .00030 .052 .0015 .0083 .00039 .074 .0020 .0073 .00022 
dichlorodiflurome
thane 

.16 .016 .017 .0011 .051 .0017 .0065 .00030 .051 .0015 .0082 .00038 .074 .0020 .0072 .00022 

dimethyl 
disulphide 

.15 .015 .015 .0010 .047 .0016 .0060 .00028 .048 .0014 .0076 .00035 .068 .0019 .0067 .00020 

trichloroflurometh
ane 

.13 .013 .013 .00088 .040 .0014 .0052 .00024 .041 .0012 .0065 .00030 .059 .0016 .0058 .00017 

3-methylpentane .13 .013 .013 .00087 .040 .0014 .0051 .00024 .040 .0012 .0065 .00030 .058 .0016 .0057 .00017 
chlorodibromome
thane 

.12 .012 .012 .00081 .037 .0013 .0048 .00022 .038 .0011 .0060 .00028 .054 .0015 .0053 .00016 

sec-
butylbenzene 

.089 .0087 .0091 .00061 .028 .00096 .0036 .00017 .028 .00084 .0045 .00021 .041 .0011 .0040 .00012 

styrene .057 .0056 .0059 .00039 .018 .00062 .0023 .00011 .018 .00054 .0029 .00014 .026 .0007
1 

.0026 .000077 

Acrolein .038 .0037 .0038 .00026 .012 .00041 .0015 .000070 .012 .00035 .0019 .000089 .017 .0004
7 

.0017 .000050 

methylcyclohexa
ne 

.028 .0028 .0029 .00019 .0090 .00031 .0011 .000053 .0090 .00027 .0014 .000067 .013 .0003
5 

.0013 .000038 

2,4-dimethyl-3-
pentanone 

.023 .0023 .0024 .00016 .0073 .00025 .00094 .000043 .0074 .00022 .0012 .000055 .011 .0002
9 

.0010 .000031 

methylcyclopenta
ne 

.021 .0020 .0021 .00014 .0065 .00022 .00084 .000038 .0066 .00019 .0011 .000049 .0095 .0002
6 

.00093 .000028 

1,2,3-
trimethylcyclopen
tane 

.021 .0020 .0021 .00014 .0065 .00022 .00084 .000038 .0066 .00019 .0011 .000049 .0095 .0002
6 

.00093 .000028 

bromomethane .020 .0020 .0021 .00014 .0063 .00022 .00081 .000037 .0064 .00019 .0010 .000047 .0091 .0002
5 

.00090 .000027 

3-methyl-1-
ethylbenzene 

.018 .0018 .0018 .00012 .0056 .00019 .00072 .000033 .0057 .00017 .00091 .000042 .0082 .0002
2 

.00080 .000024 

trimethyl-1,3-
cyclopentadiene 

.016 .0016 .0016 .00011 .0050 .00017 .00064 .000030 .0051 .00015 .00081 .000038 .0073 .0002
0 

.00071 .000021 

1,2-
dimethylcyclopen
tane 

.013 .0013 .0014 .000091 .0042 .00014 .00054 .000025 .0042 .00013 .00068 .000032 .0061 .0001
7 

.00060 .000018 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 

Emission 
Component 

Max 1 
hour 
GLC 
ug/m3 

95th%il
e     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Average 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th
%ile     
1 
hour 
GLC 
ug/m
3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3 

1,2-
dichloroethene 

.013 .0012 .0013 .000086 .0040 .00014 .00051 .000023 .0040 .00012 .00064 .000030 .0058 .0001
6 

.00057 .000017 

2-methylpentane .012 .0011 .0012 .000080 .0037 .00013 .00047 .000022 .0037 .00011 .00059 .000027 .0053 .0001
5 

.00052 .000016 

3-
methylcyclopenta
ne 

.012 .0011 .0012 .000080 .0037 .00013 .00047 .000022 .0037 .00011 .00059 .000027 .0053 .0001
5 

.00052 .000016 

trimethylcyclopen
tadiene 

.011 .0011 .0011 .000076 .0035 .00012 .00045 .000021 .0035 .00010 .00057 .000026 .0051 .0001
4 

.00050 .000015 

1,4-dimethyl-2-
ethylbenzene 

.011 .0010 .0011 .000072 .0033 .00011 .00042 .000019 .0033 .000099 .00054 .000025 .0048 .0001
3 

.00047 .000014 

cyclohexane .0097 .00095 .00099 .000066 .0030 .00010 .00039 .000018 .0031 .000091 .00049 .000023 .0044 .0001
2 

.00043 .000013 

carbon 
tetrachloride 

.0092 .00090 .00094 .000063 .0029 .00009
9 

.00037 .000017 .0029 .000086 .00047 .000022 .0042 .0001
1 

.00041 .000012 

ethylcyclohexane .0088 .00086 .00090 .000060 .0028 .00009
5 

.00035 .000016 .0028 .000083 .00045 .000021 .0040 .0001
1 

.00040 .000012 

1,2-dimethyl-1,3-
cyclopentadiene 

.0086 .00084 .00088 .000059 .0027 .00009
3 

.00035 .000016 .0027 .000080 .00044 .000020 .0039 .0001
1 

.00039 .000011 

1-methyl-2-
ethylbenzene 

.0083 .00081 .00084 .000056 .0026 .00008
9 

.00033 .000015 .0026 .000077 .00042 .000019 .0038 .0001
0 

.00037 .000011 

pentane .0080 .00078 .00082 .000054 .0025 .00008
6 

.00032 .000015 .0025 .000075 .00041 .000019 .0036 .0000
99 

.00036 .000011 

3-
methylcyclohexa
ne 

.0071 .00070 .00073 .000049 .0022 .00007
7 

.00029 .000013 .0023 .000067 .00036 .000017 .0032 .0000
89 

.00032 .000009
5 

2,3,5-
trimethylfuran 

.0068 .00067 .00070 .000047 .0022 .00007
4 

.00027 .000013 .0022 .000064 .00035 .000016 .0031 .0000
85 

.00031 .000009
1 

2-
methylnaphthale
ne 

.0063 .00062 .00065 .000043 .0020 .00006
8 

.00025 .000012 .0020 .000059 .00032 .000015 .0029 .0000
79 

.00028 .000008
4 

1,2,3-
trimethylbenzene 

.0060 .00059 .00061 .000041 .0019 .00006
5 

.00024 .000011 .0019 .000056 .00030 .000014 .0027 .0000
75 

.00027 .000008
0 

3,3-dimethy-1,3-
cyclopentadiene 

.0057 .00056 .00058 .000039 .0018 .00006
1 

.00023 .000011 .0018 .000053 .00029 .000013 .0026 .0000
71 

.00026 .000007
6 

diethylbenzene .0057 .00056 .00058 .000039 .0018 .00006
1 

.00023 .000011 .0018 .000053 .00029 .000013 .0026 .0000
71 

.00026 .000007
6 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 

Emission 
Component 

Max 1 
hour 
GLC 
ug/m3 

95th%il
e     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Average 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th
%ile     
1 
hour 
GLC 
ug/m
3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3 

1-ethyl-4-
ethylbenzene 

.0048 .00047 .00049 .000032 .0015 .00005
1 

.00019 .000008
8 

.0015 .000044 .00024 .000011 .0022 .0000
59 

.00021 .000006
4 

1-methylindan .0046 .00045 .00047 .000032 .0015 .00005
0 

.00019 .000008
6 

.0015 .000043 .00024 .000011 .0021 .0000
58 

.00021 .000006
2 

1,2,4-
trimethylpentane 

.0043 .00042 .00044 .000029 .0013 .00004
6 

.00017 .000007
9 

.0014 .000040 .00022 .000010 .0019 .0000
53 

.00019 .000005
7 

1,2-dimethyl-3-
ethylbenzene 

.0043 .00042 .00044 .000029 .0013 .00004
6 

.00017 .000007
9 

.0014 .000040 .00022 .000010 .0019 .0000
53 

.00019 .000005
7 

3,5-
dimethylcyclopen
tane 

.0040 .00039 .00041 .000027 .0013 .00004
3 

.00016 .000007
4 

.0013 .000037 .00020 .0000094 .0018 .0000
50 

.00018 .000005
3 

chloromethane .0037 .00036 .00038 .000025 .0012 .00004
0 

.00015 .000006
9 

.0012 .000035 .00019 .0000088 .0017 .0000
46 

.00017 .000005
0 

ethylcyclopentan
e 

.0037 .00036 .00038 .000025 .0012 .00004
0 

.00015 .000006
8 

.0012 .000035 .00019 .0000087 .0017 .0000
46 

.00017 .000004
9 

1-methyl-4-
isopropylbenzen
e 

.0034 .00033 .00035 .000023 .0011 .00003
7 

.00014 .000006
3 

.0011 .000032 .00017 .0000080 .0015 .0000
42 

.00015 .000004
5 

1,3-
dichlorobenzene 

.0034 .00033 .00035 .000023 .0011 .00003
7 

.00014 .000006
3 

.0011 .000032 .00017 .0000080 .0015 .0000
42 

.00015 .000004
5 

methyl 
cyclopentadiene 

.0028 .00028 .00029 .000019 .00089 .00003
1 

.00011 .000005
2 

.00090 .000027 .00014 .0000067 .0013 .0000
35 

.00013 .000003
8 

nonane .0024 .00024 .00025 .000017 .00077 .00002
6 

.000098 .000004
5 

.00078 .000023 .00012 .0000058 .0011 .0000
31 

.00011 .000003
3 

isopropyltoluene .0024 .00024 .00025 .000017 .00077 .00002
6 

.000098 .000004
5 

.00078 .000023 .00012 .0000058 .0011 .0000
31 

.00011 .000003
3 

1,2-
dichlorobenzene 

.0024 .00023 .00024 .000016 .00075 .00002
6 

.000096 .000004
4 

.00075 .000022 .00012 .0000056 .0011 .0000
30 

.00011 .000003
2 

2,2,4-
trimethylpentane 

.0023 .00022 .00023 .000016 .00072 .00002
5 

.000092 .000004
2 

.00072 .000021 .00012 .0000054 .0010 .0000
28 

.00010 .000003
0 

n-butylbenzene .0022 .00021 .00022 .000015 .00069 .00002
4 

.000088 .000004
1 

.00070 .000021 .00011 .0000052 .00100 .0000
27 

.00009
8 

.000002
9 

carbon 
disulphide 

.0022 .00021 .00022 .000015 .00069 .00002
4 

.000088 .000004
0 

.00069 .000020 .00011 .0000051 .00099 .0000
27 

.00009
8 

.000002
9 

p-propylbenzene .0013 .00013 .00013 .000008
9 

.00041 .00001
4 

.000052 .000002
4 

.00041 .000012 .000066 .0000031 .00059 .0000
16 

.00005
8 

.000001
7 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 

Emission 
Component 

Max 1 
hour 
GLC 
ug/m3 

95th%il
e     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Average 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th
%ile     
1 
hour 
GLC 
ug/m
3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3 

vinyl chloride 
(chloroethene) 

.0013 .00012 .00013 .000008
7 

.00040 .00001
4 

.000051 .000002
4 

.00040 .000012 .000065 .0000030 .00058 .0000
16 

.00005
7 

.000001
7 

p-
isopropyltoluene 

.0010 .00010
0 

.00010 .000007
0 

.00032 .00001
1 

.000041 .000001
9 

.00032 .0000095 .000052 .0000024 .00046 .0000
13 

.00004
6 

.000001
4 

undecane .00085 .00008
4 

.000087 .000005
8 

.00027 .00000
92 

.000034 .000001
6 

.00027 .0000080 .000043 .0000020 .00039 .0000
11 

.00003
8 

.000001
1 

1,1-
dimethyllindan 

.00085 .00008
4 

.000087 .000005
8 

.00027 .00000
92 

.000034 .000001
6 

.00027 .0000080 .000043 .0000020 .00039 .0000
11 

.00003
8 

.000001
1 

2-methyl-1-
propenylbenzene 

.00080 .00007
8 

.000082 .000005
4 

.00025 .00000
86 

.000032 .000001
5 

.00025 .0000075 .000041 .0000019 .00036 .0000
099 

.00003
6 

.000001
1 

bromochloromet
hane 

.00079 .00007
7 

.000080 .000005
4 

.00025 .00000
85 

.000032 .000001
5 

.00025 .0000073 .000040 .0000018 .00036 .0000
098 

.00003
5 

.000001
0 

5-methylindan .00077 .00007
5 

.000079 .000005
2 

.00024 .00000
83 

.000031 .000001
4 

.00024 .0000072 .000039 .0000018 .00035 .0000
096 

.00003
4 

.000001
0 

chlorobenzene .00064 .00006
2 

.000065 .000004
3 

.00020 .00000
69 

.000026 .000001
2 

.00020 .0000059 .000032 .0000015 .00029 .0000
079 

.00002
8 

.000000
85 

1,2,3,4-
tetrahydro-5-
methylnapthalen
e 

.00060 .00005
9 

.000061 .000004
1 

.00019 .00000
65 

.000024 .000001
1 

.00019 .0000056 .000030 .0000014 .00027 .0000
075 

.00002
7 

.000000
80 

decane .00048 .00004
7 

.000050 .000003
3 

.00015 .00000
52 

.000019 .000000
90 

.00015 .0000045 .000025 .0000011 .00022 .0000
060 

.00002
2 

.000000
65 

3-hexanone .00043 .00004
2 

.000044 .000002
9 

.00013 .00000
46 

.000017 .000000
79 

.00014 .0000040 .000022 .0000010 .00019 .0000
053 

.00001
9 

.000000
57 

2,2 
dichloropropane 

.000057 .00000
56 

.0000058 .000000
39 

.000018 .00000
061 

.0000023 .000000
11 

.000018 .00000053 .0000029 .0000001
3 

.000026 .0000
0071 

.00000
26 

.000000
076 

chloroethane .000034 .00000
33 

.0000035 .000000
23 

.000011 .00000
037 

.0000014 .000000
063 

.000011 .00000032 .0000017 .0000000
80 

.000016 .0000
0043 

.00000
15 

.000000
046 

acetone .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
MPK .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
3 methyl butanal .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
benzaldehyde .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
acetophenone .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
heptane .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
hexatriene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1,2-xylene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1,3-xylene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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  RECEPTOR 1 RECEPTOR 3 RECEPTOR 4 RECEPTOR 7 

Emission 
Component 

Max 1 
hour 
GLC 
ug/m3 

95th%il
e     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th%i
le     1 
hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Averag
e 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th% 
ile 1 hour 
GLC 
ug/m3 

Max 24 
hr GLC 
ug/m3 

Annual 
Average 
ug/m3 

Maximum 
1 hour 
GLC 
ug/m3 

95th
%ile     
1 
hour 
GLC 
ug/m
3 

Max 
24 hr 
GLC 
ug/m3 

Annual 
Averag
e ug/m3 

ethynylbenzene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
indene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
biphenyl .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1-
methylnaphthale
ne 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

anthracene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
phenanthrene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
pyrene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
acenaphthene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
fluoranthene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
9H-fluorene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
nitrobenzene .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
phenol .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
pyridine .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
quinoline .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1H-indole .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
benzofuran .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
dibenzofuran .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
benzonitrile .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
acenaphthylene  .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
9H-fluoren-9-one .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
DMS .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
dimethylacetami
de 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

dimethylformami
de 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

                  
The GLCs in this workbook were consolidated from 2 files provided to Toxikos by Environ.  These are "model_results_summary_final" and "GLCs based on dilution factors final"  

 


