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Disclaimer 

This report was prepared by Toxil<os 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 tenns of engagement with Environ Australia 
Pty L t d / 4 -'-i ^: ^ >•-••;, V'" " ; r. '̂ '̂ -t 

About Toxikos Pty Ltd 

Toxikos Pty Ltd is a consulting company formed on December 1^ 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 phannacology 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 Toxicoiogy. 

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 Melboume 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 Pinjan-a 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 95"" percentilel 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 

yeariy 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 assessnnent. 

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

average V O C concentrations of all the fourteen modelled locations; hence is 

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

Jocations 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 Pinjan-a 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 - 1 1 ) 

and has been chosen because this is where the highest V O C 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. The methodology used In this document for assessing 

the health risks is consistent with that recommended by the U S E P A , 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 ha^^3een assessed by assuming the effects of the 

individual components may be acraitive, this is perfomiWl by adding the individual hazard 

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

health effects occuning. If it is s l i ^ t i t ^^^^ i^ te r t l ^^ 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 tliat are carcinogens, the carcinogenic risl< 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 occuning 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 95*^ 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"®) 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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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 V O C 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 Pinjan-a 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 - 1 1 ) 

and has been chosen because this is where the highest V O C 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. The methodology used in this document for assessing 

the health risks is consistent with that recommended by the U S E P A , 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 h a ^ e e n assessed by assuming the effects of the 

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

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

health effects occumng. If it is sli^ht!:^^^reater t h a ^ 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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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 sheets^ of modelled ground level concentrations 

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

the plant. The modelling was perfomned by Owen Pitts of S K M . 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 18% 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 

"model_results_summary_final"; 
"GLCs based on dilution factors final" 
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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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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 E P A 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 peri'ormed 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 U S E P A (1999), Vic E P A (2001), 

N E P M (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. 

^ 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 agencies^ 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, Y^O'' 

against which the relevant guideline has been established. For example the health guideline r n 

may be based on irritancy 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. Thus comparison of modelled ground level concentrations with the guideline 

will a prion take into account effects that may occur at higher exposures of the chemical. 

National Environment Protection Council (NEPC), Australia; World Health Organisation (WHO)- V^^*" 
International Programme for Chemical Safety (IPCS) & international Agency for Research on Cancer 
(lARC); 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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4.3 Exposure estimations. 

For each scenario S K M 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 

compounds'* 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 ̂  

substances emitted by mass from the refinery. Environ ^ estimated from the modelling for 

each of these the maximum and minimum dilution factor froni 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 

95* 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. 

For this risk assessment Toxikos has adjusted where necessary the S K M 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 occunred 

for 95"^ percentile and maximum 1 hour modelled G L C s where the guideline timeframe was 

•*"model_results_summary_final". 
® Acetone, acetaldehyde, formaldehyde, toluene, MEK, benzene and xylene. 
® "GLCs based on dilution factors final". 
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different tlian 1 hour; the exception was for substances with a 24 hour guideline. For these 

latter substances 24 hr modelled G L C s were provided ^ (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 S K M 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 S K M ground level 

concentration to match the time frame of the health based guideline value ®. 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 S K M 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 S K M (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 ^, 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. 

'^"model_results_summary_final". 
® The exception is for chronic health effects and carcinogens. Here the average lifetime air 
concentration is required (see Section 3.4.2) and the SKIV1 reported values for one year or lifetime 
have been used. 
® "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 V O C 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 Pinjan-a Racecourse and therefore representative of 

a residence at Pinjan-a 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 - 1 1 ) and has been 

chosen because this is where the highest V O C exposure is predicted to occur for this 

immediate area. 

Table 4.1: Receptor identification and description. 
Receptor identification numbers con-espond to locations in the S K M (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 

5 4 Residence, Farmhouse 
6 5 Residence, Fannhouse 

1 HiHSiBBSE 1 
8 4 Residence, Fannhouse 
9 4 Residence, Fannhouse 
10 4 Residence, Fannhouse 
11 4 Residence, Famnhouse 
12 5 Residence, Fannhouse 
13 1-3 Residence, Alcoa employee and family 
14 4 Residence, Alcoa fannlands 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. 

PINJARRA REFINERY SITE LOCATION Rgur© 1 
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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 sucfi 

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

concem' that can be applied as a screening tool to legitimately not consider in the fonnal 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 concem 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 mirior 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 inltancy 

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 pg/m^ W e emphasise the 

C o N T C 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 occun-ed 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 

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 imtancy 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 (IxlO"^), note however that this 'acceptable' risk level is somewhat lower 

than that used for public health purposes by some jurisdictions " (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). 

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. 
" To the best knowledge of Toxikos an official acceptable carcinogenic risk level for Australia has not 
been fomnally 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"^ 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"̂ ) 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 xlO"^ has been used for evaluation of public 
health impacts or establishment of standards. The nominated lifetime acceptable risk of 1 x 10"̂  used 
in this report is placed in context by comparison with the risks for off-site individual fatalities from a 
hazardous industrial plant the Westem 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"® (i.e. 7 x 10"^). 
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• For the PAHs, which are genotoxic carcinogens, the benzo[a]pyrene equivalents 

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

using a conservative estimate of benzo[a]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 concem (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 C o N T C 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 quotient'^ is caiculated for each contaminant using the 

simple equation below. 

HQ = Estimated ground concentration/Health based air guideline value 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 sa.me 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 concem, values greater than 1 generally also do not represent 

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

For the hazard quotient to be infonnative 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 fomn 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. 

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/wili 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. 
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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 concem is wan-anted (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 |ug/m^ 

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 ng/m^ 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 ^ig/m^ for their 

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

or 0.5 X 10'^ per p,g/m^, written as 0.5 x 10'^ (j^g/m^) ' \e target acceptable risk adopted in 

this assessment is 1 x lO"^, i.e. with a lifetime exposure there is one chance in a million of 

developing a tumour. 

Lifetime cancer risk = lifetime average air concentration (^g/m^) x unit risk factor (jig/m^) 

= Ac(^g/m^)xUR(^g/m^)-^ : 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 W H O 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 S K M 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 W H O (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 W H O (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 estim.ates 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 (90*^ 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 P C B concentrations for the two 

countries. The third W H O 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 

l lhQ (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 concem have been placed into major toxicological categories. This appendix 

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

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 ( lARC) 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 lARC 
Classification^ 

Genotoxic" Substance lARC 
Classification^ 

Genotoxic" 

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 

^See Appendix 1 for the Intemational Agency for Research on Cancer (lARC) classification scheme. 
1= Known human carcinogen, 2A = Probable human carcinogen, 2B = Possible human carcinogen. 
Y= genotoxic, N = non-genotoxic. Only genotoxic carcinogens are evaluated by calculating 

carcinogenic risk. 
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 a.re kept well below gross irritating levels formaldehyde presents little 
risk to humans (Liepio & Meek 2002). 
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6 COPCs and Health Based Guideline Values. 

As described in section 4.3 two spreadslieets were provided by Environ/SKIVI for rtfie 

modelled or calculated ground level concentrations: 

• "model_results_summary_final" 
These were for 22 emission components (NOx, NO2, C O , 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 detennined 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 pg/m^). 

Table 6.1: Segregation of identified emission components. 

Total number of chemicals emitted at refinery 141 
Total number of chemicals with G L C below CoNTC 84 
Total number of emitted chemicals considered as 
Contaminants of Potential Concem (COPC) 

57 

Total number of C O P C with acute guidelines 20 
Total number of C O P C with chronic guidelines 21 
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Table 6.2: Emission Components below the Concentration of No Toxicological 
Concern (CONTC). 

methylcyclohexane 5~methylindan 
2,4-dimethy!-3-pentanone chiorobenzene 
methylcyclopentane 1,2,3,4-tetrahydro-5-methylnapthalene 
1,2,3-trimethyIcyclopentane decane 
bromomethane 3-hexanone 
3-methyl-1-ethylbenzene 2,2 dichloropropane 
trimethyl-1,3-cyclopentadiene chloroethane 
1,2-dimethylcyclopentane M P K 
1,2-dichloroethene 3 methyl butanal 
2-methylpentane benzaldehyde 
3-methylcyclopentane acetophenone 
trimethylcyclopentadiene heptane 
1,4-dimethyl-2-ethylbenzene hexatriene 
cyclohexane ethynylbenzene 
carbon tetrachloride indene 
ethylcyclohexane biphenyl 
1,2-dimethyl-1,3-cyclopentadiene 1-methylnaphthalene 
1-methyl-2-ethylbenzene anthracene? . . ^ 
pentane phenanthrene 
3-methylcyclohexane pyrene 
2,3,5-trimethylfuran acenaphthene 
2-methylnaphthalene fluoranthene 
1,2,3-trimethylbenzene 9H-!luorene 
3,3-dimethy-1,3-cyclopentadiene nitrobenzene 
diethylbenzene phenol 
1-ethyl-4-ethylbenzene pyridine 
1-methylindan quinoline 
1,2,4-trimethylpentane m-indole 
1,2-dimethyl-3-ethylbenzene benzofuran 
3,5-d i methylcyclopentane dibenzofuran 
chloromethane benzonitriie 
ethylcyclopentane acenaphthyiene 
1 -methyl-4-isopropylbenzene 9H-fluoren-9-one 
1,3-dichlorobenzene DMS 
methyl cyclopentadiene dimethylacetamide 
nonane dimethylformamide , ^ ^n. - ' 
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 
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Table 6.2: Emission Components Considered as Contaminants of Potential 
Concern ^ based on G L C > C o N T C . 

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 Naphthalene 
value used in risl< assessment) 
Selenium lodomethane 
Dioxins & Furans pg/m^ modelled as gas or ESP Pentanal 
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 
^ 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 pg/m^ (the CoNTC) health guidelines were found for 6, and 

these guidelines were greater than the C o N T C (see also Addendum 1). 
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7 Risk Characterisation Results 

7.1 Hazard Quotients and Hazard indices. 

7.1.1 A c u t e 

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 . 

Base case 
^ ^ o t a l Acu te Hl^ 

Upgrade 
Total Acute HI" 

•I 
I h f 

l^axin^um 
1 hr 

95*̂ % 
1 hr 

Maximum 
1 hr 

95*% 
Receptor 
Location 1 

1.14 y 
V J 

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 

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

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

There are at least two 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 95*^ percentile concentrations and associated hazard indices, and 

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

hazard quotient. 
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