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Executive summary 

The Australian Department of Defence (Defence) commissioned GHD Pty Ltd (GHD) to 

undertake a Human Health Risk Assessment (HHRA) associated with the historical use of 

aqueous film forming foam (AFFF) containing perfluoroalkyl and polyfluoroalkyl substances 

(PFAS) at RAAF Base Pearce in Bullsbrook, Western Australia (the Site, Figure 1).  

Defence will continue its commitment to manage risks to avoid or minimise exposure of PFAS 

from Defence properties to human health and ecological receptors. This will be achieved by 

implementing practicable solutions to prevent or minimise the migration of PFAS beyond the 

Defence property boundary, and working to protect the community from exposure while 

management actions addressing source areas and/or migration pathways are underway. This 

includes ongoing monitoring to provide information on changes in PFAS contamination 

originating from a Defence property, to inform risk management decisions by Defence and State 

Agencies.  

The investigation undertaken by GHD included sampling and analysis of soil, sediment, surface 

water, groundwater and biota not only from RAAF Base Pearce itself, but also from a number of 

surrounding waterways and properties. For the purposes of this HHRA report: 

 “the Site” is defined as comprising RAAF Base Pearce. 

 “the Investigation Area” is defined as comprising the Site, plus a number of surrounding 

(off-Site) waterways and privately owned and leased properties, including residential 

premises (refer to Figure 1). 

Three stages of investigation have been completed, namely:  

 Stage 1/Preliminary Site Investigation (PSI): A preliminary program of off-site 

groundwater sampling and analysis from accessible bores surrounding the Site. The 

findings of the PSI are presented in the GHD RAAF Base Pearce PFAS Investigation 

Preliminary Site Investigation Report (GHD 2016c). 

 Stage 2/Detailed Site Investigation (DSI): A detailed program of on- and off-Site soil, 

sediment, surface water, groundwater and biota sampling and analysis. The findings of 

the DSI are presented in the GHD Consolidated DSI report entitled RAAF Base Pearce 

PFAS Investigation Consolidated Detailed Site Investigation Report (GHD 2018). 

 Stage 3/Human Health and Ecological Risk Assessment (HHERA): Human health and 

ecological exposure and toxicity assessment to evaluate the long-term risks to identified 

receptors. 

This report contains the HHRA component of Stage 3 of the investigation. The other 

component of Stage 3, the Ecological Risk Assessment (ERA), is presented as a separate, 

stand-alone report. 

Health risk assessments in Australia follow the methodology outlined in Schedule B4 of the 

National Environment Protection (Assessment of Site Contamination) Measure 1999, as 

amended in 2013 (NEPC 2013) and the enHealth (2012) Environmental Health Risk 

Assessment, Guidelines for Assessing Human Health Risks from Environmental Hazards. 

Objectives and scope 

The objective of the HHRA is to assess the potential health risks for sensitive receptors on-Site 

and off-Site from exposure to soil, sediment, biota, surface water and groundwater impacted by 

PFAS. 
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The key steps in the health risk assessment are summarised as follows: 

 Issues identification: An evaluation of the data collected as part of the PSI (GHD 2016c) 

and DSI (GHD 2018).  

 Toxicity assessment: A review of toxicological information on PFAS including key health 

effects and the possible effects at various levels of exposure. 

 Exposure assessment: A review of the Conceptual Site Model (CSM) developed as part 

of the DSI (GHD 2018) to establish the ways that people within the Investigation Area can 

be exposed to PFAS (also known as ‘exposure pathways’). 

 Risk characterisation: This step brings together the information from the toxicity 

assessment and the exposure assessment to establish the likelihood of adverse health 

effects occurring through the identified exposure pathways.  

Risk characterisation results 

It is important to note that the PFAS Expert Health Panel established by the Australian 

Government Department of Health (DoH) has concluded that based on the information currently 

available; “there is mostly limited, or in some cases no evidence, that human exposure to PFAS 

is linked with human disease”. However, given the ability of PFAS to persist in humans and the 

environment, the DoH recommends that exposure to PFAS be minimised. This is consistent 

with the Heads of Environmental Protection Authorities Australia and New Zealand (2018) PFAS 

National Environmental Management Plan (NEMP), which recommends adoption of the 

‘precautionary principle’, whereby a lack of full scientific certainty should not be used as a 

reason for postponing management measures.  

The risk characterisation undertaken as part of this HHRA has identified the pathways that may 

result in an increased exposure to PFAS and therefore, the pathways that should be managed 

to reduce PFAS exposure.  

For each exposure pathway, a ‘typical’ exposure level and ‘upper’ exposure scenario was 

assessed. The typical exposure scenario represents the most likely, or average, level of 

exposure whereas the upper exposure scenario represents the ‘worst case’ level of exposure. 

The exposure pathways that were assessed are summarised in the table below, along with the 

results of the risk characterisation for both the typical and upper exposure scenarios.  
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Summary of risk characterisation  

Exposure pathway Risk characterisation Discussion 

Typical Upper 

Groundwater (off-Site)  

Drinking groundwater Low and acceptable Elevated (for bores 

with PFAS above 

drinking water 

guidelines) 

The risk assessment is conservatively based on the highest recorded bore water concentration. The 

results indicate that exposure to this concentration of PFAS through drinking bore water is within 

acceptable levels, based upon typical water consumption habits.  

Even under the upper exposure scenario, which assumes daily consumption of water from the 

same source for 29 years, adverse health effects may not necessarily occur, as the calculated 

exposure level is not significantly higher than acceptable levels.   

As a precautionary approach however, it is recommended that all bores with PFAS concentrations 

in excess of the NEMP (2018) drinking water guidelines are managed (e.g. through provision of 

alternative water or treatment of bore water, as determined by the PFAS Management Area Plan1). 

Domestic groundwater 

use, other than drinking 

Low and acceptable Low and acceptable Exposure to PFAS from using groundwater for showering, irrigation, playing in sprinklers and filling 

swimming pools is within acceptable levels. The assessment is conservatively based on the highest 

recorded PFAS bore water concentration.  

Groundwater (on-Site)  

Incidental ingestion of 

perched groundwater by 

sub-surface 

maintenance workers  

Elevated Elevated Exposure levels are elevated for both the typical and upper exposure scenarios. The assessment is 

conservatively based on the highest recorded on-Site groundwater PFAS concentration, which was 

recorded in perched groundwater of Source Area A (fire training area), and assumes that workers 

accidentally ingest half a mouthful of water (10 mL) each time they conduct sub-surface work.  

Control measures could be implemented to limit exposure to workers during sub-surface works.  

Food consumption   

Eating crustaceans from 

the local Brooks 

Low and acceptable Low and acceptable Exposure to PFAS from eating crustaceans caught in Ellen and Ki-it Monger Brooks is within 

acceptable levels. The assessment is conservatively based on the highest recorded crustacean 

PFAS concentration.  
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Exposure pathway Risk characterisation Discussion 

Typical Upper 

Eating chicken eggs Low and acceptable Low and acceptable Exposure to PFAS from eating eggs from chickens fed bore water containing PFAS is within 

acceptable levels. The assessment is conservatively based on the highest recorded egg PFAS 

concentration. 

Eating fruit and 

vegetables 

Low and acceptable Low and acceptable PFAS was not detected in fruit and vegetable samples at concentrations above the limit of 

reporting.  

Even if it is conservatively assumed that PFOS plus PFHxS (the most commonly detected PFAS) 

are present in fruit and vegetables at the limit of reporting (2 µg/kg), exposure levels are low and 

acceptable.   

Eating meat from 

chickens exposed to 

bore water containing 

PFAS 

Not assessed   GHD is aware of one resident that consumes meat from chickens that have been fed bore water 

containing PFAS. The PFAS uptake rates in chicken meat are uncertain and therefore not possible 

to model.  

Given that the PFAS concentrations recorded in the residents bore water are above the NEMP 

(2018) drinking water guidelines, the resident’s bore water should be managed (such as via 

provision of alternative water or water treatment as determined by the PFAS Management Area 

Plan1) and this would effectively manage exposure to PFAS from consumption of impacted chicken 

meat.  

Surface water   

Swimming in the local 

Brooks 

Low and acceptable Low and acceptable Exposure to PFAS from swimming in Ellen and Ki-it Monger Brooks is within acceptable levels. This 

is based on the highest recorded PFAS surface water concentration in the Brooks.  

Working in the on-Site 

drainage channels 

Low and acceptable Elevated Under the upper exposure scenario, the level of exposure marginally exceeds the acceptable level. 

This is based on the highest recorded surface water concentration in the on-Site drainage channels 

and assumes that a worker accidentally swallows water from the drains each day for 60 days per 

year, for 30 years, which is highly conservative.  

Control measures could be implemented to limit exposure to workers during drainage channel 

maintenance works.    
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Exposure pathway Risk characterisation Discussion 

Typical Upper 

Soil  

Children (and adult 

workers) exposed to soil 

at the on-Site childcare 

centre 

Low and acceptable Low and acceptable Exposure to PFAS in soil at the on-Site childcare centre is within acceptable levels. This is based 

on the highest PFAS concentration recorded in soil at the childcare centre.  

Base workers exposed 

to soil within Source 

Areas A, B and C. 

Low and acceptable Low and acceptable Exposure of PFAS in soil within Source Areas A (fire training area), B (former fire training areas) 

and C (Hangar 93) to Base workers is within acceptable levels. This is based on the highest PFAS 

concentrations recorded in these areas.  

Base workers exposed 

to soil within Source 

Area D (grounds 

maintenance area). 

Low and acceptable Elevated Under the upper exposure scenario, the level of exposure marginally exceeds the acceptable level. 

This is based on the highest recorded soil concentration in Source Area D (grounds maintenance 

area) and assumes that a worker is exposed to these soils daily for 30 years, which is considered 

conservative.   

Control measures could be implemented to limit exposure to workers in this area.  

Sub-surface 

maintenance workers 

exposed to soil within 

Source Areas A, B and 

C. 

Low and acceptable Low and acceptable Exposure of PFAS in soil within Source Areas A (fire training area), B (former fire training areas) 

and C (Hangar 93) to sub-surface workers is within acceptable levels. This is based on the highest 

PFAS concentrations recorded in these areas. 

Sub-surface 

maintenance workers 

exposed to soil within 

Source Area D. 

Elevated Elevated Exposure levels are elevated under the both the typical and upper exposure scenarios, though only 

marginally exceed the acceptable level under the typical exposure scenario. This is based on the 

highest recorded soil concentration in Source Area D (grounds maintenance area) and assumes 

that a worker is exposed to these soils daily for 30 years, which is considered conservative.   

Control measures could be implemented to limit exposure to sub-surface workers in this area.     
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Exposure pathway Risk characterisation Discussion 

Typical Upper 

Combined exposure scenarios  

Drinking bore water, 

swimming in the Brooks, 

eating crustaceans and 

chicken eggs 

Low and acceptable Not assessed At typical exposure levels, exposure to PFAS through these combined exposure pathways is within 

the acceptable level.   

For combined exposure scenarios, only the typical exposure level has been considered. 

Consideration of the combined scenarios under the upper exposure level is considered to be 

unrealistic and overly conservative (as it is highly unlikely that one individual would be exposed 

through multiple scenarios more than the average Australian). 

1. The PFAS Management Area Plan (PMAP) is a document which provides a roadmap for response management by Defence in relation to potential risks arising from exposure to PFAS associated 

with RAAF Base Pearce and the surrounding areas. 
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Recommendations  

Based on the findings of this HHRA, the following recommendations are made:  

 Exposure to PFAS from drinking bore water may not necessarily result in adverse health 

effects, especially at typical exposure levels. However, as a precautionary approach, it is 

recommended that all bores with PFAS concentrations in excess of the NEMP (2018) 

drinking water guidelines are managed by precluding the use of those bores as a source 

of drinking water. 

 Management to reduce PFAS exposure (e.g. through remediation or other controls) by 

the following exposure pathways is recommended:  

o Exposure of Site workers and intrusive-maintenance workers to soil in Source Area D. 

o Exposure of intrusive-maintenance workers to perched groundwater. 

o Exposure of Site workers to surface water in the Site drainage channels.  

 Methods for remediation and management will ultimately will be selected with 

consideration to the results of the ERA (presented separately), through consultation with 

a range of stakeholders and development of a PFAS Management Area Plan (PMAP). 

Potential remediation and management options include: 

o Provision of alternative water, or treatment of bore water, at properties that have 

bores with PFAS concentrations above drinking water guidelines.  

o Removal of the most heavily impacted soil from the on-Site Source Areas (particularly 

Source Areas A and D) and the sediment from the drainage channels to minimise 

ongoing groundwater and surface water impacts. 

o Ongoing periodic testing of groundwater and surface water to establish whether PFAS 

concentrations are stable, increasing or decreasing.   

This report is subject to, and must be read in conjunction with, the limitations set out in section 

1.5 and the assumptions and qualifications contained throughout the Report. 
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1. Introduction 

The Australian Department of Defence (Defence) commissioned GHD Pty Ltd (GHD) to 

undertake an environmental investigation into the impacts of per- and poly-fluoroalkyl 

substances (PFAS) on, and in the vicinity of, RAAF Base Pearce in Bullsbrook, Western 

Australia (the Site, Figure 1).   

Defence will continue its commitment to manage risks to avoid or minimise exposure of PFAS 

from Defence properties to human health and ecological receptors. This will be achieved by 

implementing practicable solutions to prevent or minimise the migration of PFAS beyond the 

Defence property boundary, and working to protect the community from exposure while 

management actions addressing source areas and migration pathways are underway. This 

includes ongoing monitoring to provide information on changes in PFAS contamination 

originating from a Defence property to inform risk management decisions by Defence and State 

Agencies.  

The investigation undertaken by GHD included sampling and analysis from not only RAAF Base 

Pearce itself, but also from a number of surrounding waterways and properties. For the 

purposes of this Consolidated Human Health Risk Assessment (HHRA) report: 

 “the Site” is defined as comprising RAAF Base Pearce. 

 “the Investigation Area” is defined as comprising the Site, plus a number of surrounding 

(off-Site) waterways and privately owned and leased properties, including residential 

premises (refer to Figure 1). 

There are three stages to the investigation, namely:  

 Stage 1/Preliminary Site Investigation (PSI): A preliminary program of off-site 

groundwater sampling and analysis from accessible bores surrounding the Site. The 

findings of the PSI are presented in the GHD RAAF Base Pearce PFAS Investigation 

Preliminary Site Investigation Report (GHD 2016c). 

 Stage 2/Detailed Site Investigation (DSI): A detailed program of on- and off-Site soil, 

sediment, surface water, groundwater and biota sampling and analysis, carried out in two 

phases. The findings of the DSI are presented in the GHD Consolidated DSI report 

entitled RAAF Base Pearce PFAS Investigation Consolidated Detailed Site Investigation 

Report (GHD 2018). 

 Stage 3/Human Health and Ecological Risk Assessment (HHERA): Human health and 

ecological exposure and toxicity assessment to evaluate the long-term risks to identified 

receptors. 

This report contains the HHRA component of Stage 3 of the investigation. The other 

component of Stage 3, the Ecological Risk Assessment (ERA), is presented as a separate, 

stand-alone report. 

Defence has engaged a Department of Water and Environmental Regulation (DWER) 

accredited Contaminated Sites Auditor, Mr Jason Clay of Senversa, as the Technical Advisor 

(TA) for this project. The TA will review this HHRA report to verify the findings.  

1.1 Background 

PFAS are a class of manufactured chemicals that have been used since the 1950s to make 

products that resist heat, stains, grease and water. Until recently, this group of chemicals was 

known as perfluorinated chemicals (PFCs). However, as the term PFCs is more commonly used 
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to mean perfluorocarbons, which are greenhouse gases, Defence, and the industry in general, 

is now using the term PFAS. 

PFAS have been used in Australia and around the world in many common household products 

and specialty applications including: 

 Non-stick cookware, 

 Fabric, furniture and carpet stain protection applications, 

 Food packaging, and 

 Commercial and industrial applications such as mist suppressants, insecticide 

formulations, mining and oil well surfactant, aviation hydraulic fluids, floor polishes and 

cleaning products.  

PFAS are known to be present in legacy formulations of aqueous film forming foam (AFFF). 

AFFF is a fire-fighting foam that has been used extensively worldwide, and within Australia, 

from about the 1970s by both civilian and military authorities due to its effectiveness in 

extinguishing liquid fuel fires. Legacy formulations of AFFF contained a number of PFAS that 

are now known to be persistent in the environment and in humans.  

Most people living in developed nations have some PFAS in their body as a result of their 

widespread use. The effects of PFAS substances are largely unknown, but it is understood that 

they persist in the environment (water and soil) for an extended period without breaking down.  

There is currently no consistent evidence that exposure to PFAS causes adverse human health 

effects (PFAS Expert Health Panel 2018). As these chemicals persist in humans and the 

environment, enHealth recommends that human exposure to these chemicals is minimised as a 

precaution.  

The key PFAS of interest for this project included perfluorooctane sulfonate (PFOS); 

perfluorooctanoic acid (PFOA); and perfluorohexane sulfonate (PFHxS). These are the PFAS 

for which regulatory endorsed assessment levels are available and they are the PFAS that were 

consistently detected at higher concentrations compared to other PFAS.   

From 2004, Defence commenced phasing out its use of legacy AFFF containing PFOS and 

PFOA as active ingredients. The AFFF now used by Defence is a more environmentally safe 

product. Further, Defence has also made changes to the way it uses AFFF to ensure that the 

risk of releasing AFFF into the environment is minimised.  

1.2  Objectives 

The objective of the human health risk assessment (HHRA) is to assess the potential health 

risks for sensitive receptors on-Site and off-Site from exposure to soil, sediment, biota, surface 

water and groundwater impacted by PFAS. 

1.3 Scope of works 

The scope of work undertaken to achieve the objectives consisted of the following: 

 Review of the Consolidated DSI information (GHD 2018); 

 Review of the conceptual site model (CSM) presented in the Consolidated DSI report 

GHD 2018); 

 Review of available, relevant toxicological information pertaining to PFAS and selection of 

appropriate toxicological reference values; 

 Quantification of exposure for the identified complete exposure pathways and evaluation 

of risk; 
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 Provision of recommendations for any additional works to address risks and any data 

gaps in the assessment. 

1.4 Stakeholder engagement 

GHD prepared a Stakeholder and Community Engagement Plan (GHD 2016b) for Defence to 

support the investigation. In order to keep the community and other stakeholders informed 

throughout the investigation, regular community information sessions were held. At the time of 

preparing this HHRA report, five sessions had been held as follows:  

 Community Information Session 1, 23 June 2016; information on general investigation 

process/program and progress of the PSI investigation. 

 Community Information Session 2, 22 September 2016; information on the outcome of 

the PSI and progress of the DSI investigation.  

 Community Information Session 3, 5 December 2016; general information of the project 

and first outcomes of the DSI investigation. 

 Community Information Session 4, 18 May 2017; information on key outcomes of the 

Phase I DSI and the fieldwork to be completed as part of the Phase II DSI. 

 Community Information Session 5, 28 November 2017; information on the key outcomes 

of the DSI (Phase I and Phase II) and next steps (i.e. HHRA, ERA and hydrogeological 

modelling). 

Further community engagement sessions to update the Bullsbrook community on the project 

progress are planned following the completion of this HHRA report.  

GHD’s approach to community and stakeholder engagement is in accordance with the ASC 

NEPM Schedule B8 Guideline on Community Engagement and Risk Communication (NEPC 

2013). A Final Stakeholder and Community Consultation Activities Report will be produced at 

the completion of the investigation. 

Regular project meetings and workshops were also held with Project Observers including 

relevant WA State Agencies; the Department of Premier and Cabinet (DPC), DWER, 

Department of Health (DoH), Department of Biodiversity Conservation and Attractions (DBCA) 

and Department of Primary Industries and Regional Development (DPIRD) as well as 

ChemCentre and the City of Swan. Key reports prepared to date, including this HHRA report, 

have been provided to these Project Observers for comment.     

1.5 Disclaimer 

This report: has been prepared by GHD for Department of Defence for the intended purpose in 

accordance with clause 2.2 of GHD’s terms of engagement and as set out in Section 1.2 of this 

report. 

The services undertaken by GHD in connection with preparing this report are detailed in the 

report and are in accordance with the scope of Services of GHD’s terms of engagement.  

The opinions, conclusions and any recommendations in this report are based on conditions 

encountered and information reviewed at the date of preparation of the report.  GHD has no 

responsibility or obligation to update this report to account for events or changes occurring 

subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report may necessarily be based 

on reasonable assumptions made by GHD, and if so, these will be clearly identified in this 

report.  It is noted that to the extent the report relies on assumptions, these can give rise to 
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discrepancies to the extent that they may or may not represent actual existing circumstances or 

eventuate to be correct assumptions.   

GHD has prepared this report on the basis of information provided by Department of Defence 

and others who provided information to GHD (including Government authorities), which GHD 

has verified or checked to the extent required by the agreed scope of work. GHD identifies the 

sources of information in this report. 

The opinions, conclusions and any recommendations in this report are based on information 

obtained from, and testing undertaken at or in connection with, specific sample points. It is 

noted that site conditions at other parts of the site may be different from the site conditions 

found at the specific sample points. 

Investigations undertaken in respect of this report are constrained by the particular site 

conditions, such as the location of buildings, services and vegetation. As a result, not all 

relevant site features and conditions may have been identified in this report. 

Site conditions (including the presence of hazardous substances and/or site contamination) may 

change after the date of this Report. GHD does not accept responsibility arising from, or in 

connection with, any change to the site conditions. GHD is also not responsible for updating this 

report if the site conditions change. 

1.6 Basis for assessment and assumptions 

This report has been prepared on the following basis for assessment and assumptions: 

 The current use of the Site and the Investigation Area will remain as it was at the time of 

preparing this report.   

 The findings presented within this report are primarily based upon the field and analytical 

results obtained throughout the DSI by GHD such as soil, sediment, surface water, 

groundwater and biota analytical data from the locations sampled. Reasonable effort has 

been made to collect and verify information from third parties such as State Agencies and 

anecdotal information provided by Site personnel and community members.   

 The laboratory limits of reporting and assessment levels used in this investigation were 

appropriate at the time of the assessment. 

 The term PFAS refers to a large number of perfluorinated and polyfluorinated substances. 

The analytical suite adopted for this assessment has included 28 compounds, including 

PFOS, PFHxS and PFOA, which were the focus of this report. 
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2. Health risk assessment methodology 

Health risk assessments in Australia follow the methodology outlined in Schedule B4 of the 

National Environment Protection (Assessment of Site Contamination) Measure 1999, as 

amended in 2013 (NEPC 2013) and enHealth (2012a) Environmental Health Risk Assessment, 

Guidelines for Assessing Human Health Risks from Environmental Hazards. 

 

Diagram 1 Health risk assessment methodology (NEPC, 2013) 
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Health risk assessment and environmental site assessment are parallel processes and link 

between each other. Key linkages include: 

 The purpose and objectives of the health risk assessment are key to the data quality 

objectives and are used to direct the field investigation program; and 

 The results of the field investigation program feed into the health risk assessment to 

evaluate risk. 

The key steps in the health risk assessment are outlined in the flowchart in Diagram 1 and 

summarised as follows: 

 Issues identification: The overall issues being assessed, which includes source 

identification, likely exposure routes and receptors, key chemicals of concern and the key 

information used to assess the problem. Most of these items have been identified in the 

PSI and refined in the Consolidated DSI including the development of a CSM. All the data 

collected from the PSI (GHD 2016c) and DSI (GHD 2018) also forms part of the Issues 

identification. This information is described in Sections 3, 4 and 5. 

 Toxicity assessment: For the identified chemicals of concern, review qualitative 

toxicological information such as key health effects, and quantitative toxicity reference 

values appropriate for use in Australia. This information is presented in Section 6. 

 Exposure assessment: Expand upon the CSM to detail the key receptors, exposure and 

migration pathways and quantify contaminant exposure for each pathway of concern. 

This information is presented in Section 7. 

 Risk characterisation: Information from the toxicity and exposure assessment steps is 

used to characterise the potential for adverse health risks to occur and to provide 

recommendations to reduce exposure, where required. As part of this step, evaluation of 

uncertainty is conducted along with sensitivity to assumptions and key information. This 

information is presented in Sections 8 and 9. 
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3. Site identification and environmental 

setting 

3.1 Site identification 

For the purposes of this HHRA report, “the Site” was defined as comprising RAAF Base Pearce 

(refer to Figure 1). A detailed description of the Site is provided in GHD’s PSI Report (GHD 

2016e). Key Site identification elements are presented in Table 1.  

Table 1 Site details 

Attribute Details 

Street address: Great Northern Highway, Bullsbrook, WA, 6084 

Land description: RAAF Base Pearce 

Owner: Commonwealth of Australia 

Certificate of title: Up to 26 individual Certificates of Title exist for the Site. It 
was considered that the inclusion of current Certificates of 
Title would not significantly benefit the report.   

Zoning: Public Purposes – Commonwealth Government 

Local government area: City of Swan 

Area: approximately 963 ha 

Boundary: North: vacant Commonwealth land, the RAAF Base 
Pearce landfill and a golf course. 

East: vacant Commonwealth land and Commonwealth 
land leased to the Water Corporation for use as a Waste 
Water Treatment Plant (WWTP), the Bullsbrook town 
centre, residential, rural properties and 
commercial/industrial properties, a sporting oval and the 
Bullsbrook Fire Station. 

South: rural residential including paddocks. Ellen Brook 
extends southward from the Site and Twin Swamps 
Nature Reserve is present approximately 2.7 km south of 
the Site. 

West: Ellen Brook, residential properties (West 
Bullsbrook), rural residential including paddocks and 
Commonwealth Land currently leased as pastoral land 
(referred to as Lot 200).   

Boundary corner co-ordinates 
(GDA94, Zone 50): 

North-west corner: 406,047 mE, 6,498,106 mN 

North-east corner: 406,878 mE, 6,498,096 mN 

South-west corner: 406,525 mE, 6,493,433 mN 

South-east corner: 407,158 mE, 6,493,440 mN 

3.2 Site description 

RAAF Base Pearce is located approximately 35 km northeast of Perth and covers an area of 

963 ha. RAAF Base Pearce has been continuously in operation as an Air Force base since the 

1930s. As one of the busiest RAAF bases in the country in terms of total aircraft movements 

and the only permanent Air Force base on the west coast of Australia, RAAF Base Pearce has 

a significant logistics and training role and is a critical asset to the defence of Australia. 

The Site is situated west of the Great Northern Highway near the township of Bullsbrook. The 

majority of the buildings and associated infrastructure and support services are located in the 

eastern portion of the Site. These buildings also include a childcare facility and various 

accommodation blocks. Two main runways and one emergency runway are located within the 
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central part of the Site. The control tower is located to the south-west of the main hangars and 

maintenance workshops. A wastewater treatment plant and irrigation area is located in the 

northern portion of the Site. 

The Republic of Singapore Air Force (RSAF) operates within an area located on the southern 

portion of the Site. This area consists of a separate accommodation block, aircraft hangars and 

maintenance workshops to support the RSAF operations. 

3.3 Investigation Area 

The DSI (GHD 2018) included sampling and analysis not only from the Site, but also from a 

number of surrounding (off-Site) waterways and privately owned and leased properties. The Site 

and these surrounding areas are collectively referred to as the “Investigation Area”. The 

Investigation Area boundaries are presented on Figure 1.  

The Investigation Area has been established with reference to the Golder Associates Technical 

Memorandum dated 10 March 2017 (reference 1652034-074-M-Rev0) entitled “Development of 

Investigation Areas for PFAS Detailed Site Investigation” (Golder 2017a). Consistent with this 

memorandum, when establishing the Investigation Area GHD has considered:  

 The CSM including the identified potential PFAS sources, migration pathways and 

receptors. 

 The extent of sampling completed during the DSI (GHD 2018).  

 Background sampling locations, where PFAS contamination associated with the Site is 

not expected to be present, have been excluded from the Investigation Area.  

To protect the privacy of the Bullsbrook residents, deposited plan information relating to off-site 

private properties where sampling was completed has not been provided; however, the 

sampling locations are indicated on the relevant figures, unless the property owner or occupant 

requested otherwise.   

3.4 Climate 

The area has a Mediterranean climate with hot dry summers and cool, wet winters. There is a 

meteorological monitoring station on the Site (Bureau of Meteorology station number 009053) 

and climatic data recorded at this station are summarised in Table 2.  

Highest rainfall typically occurs during the month of June with a mean monthly rainfall amount of 

134.2 mm. 

Table 2 Climate statistics for Pearce RAAF Airbase (BoM 2016) 

Station Mean annual minimum 
temperature range (˚C) 

Mean annual maximum 
temperature range (˚C) 

Mean annual 
rainfall (mm) 

Pearce RAAF 
Airbase (009053) 

8.2 (August) – 17.6 
(February) 

17.9 (July) – 33.5 
(January) 

653.1  

3.5 Topography and site drainage 

With reference to Figure 2, the Site slopes gently in a general westerly direction towards Ellen 

Brook with elevation ranging from approximately 30 m relative to Australian Height Datum (m 

AHD) at the western boundary, adjacent to Ellen Brook, to 55 m AHD at the eastern Site 

boundary, adjacent to Great Northern Highway. 

Ellen Brook flows in a general southerly direction along the western boundary of the Site. Ki-it 

Monger Brook also flows south along the southern portion of the eastern Site boundary before 
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merging with Ellen Brook approximately 200 m beyond the southern Site boundary (refer to 

Figure 1 and Figure 3) 

With reference to Figure 3, the Site comprises three principal drainage catchments: 

 Catchment 1: Rainfall within the northern portion of the Site flows in a north-westerly 

direction towards an open drain which discharges into Ellen Brook. This catchment 

comprises the bulk of the site administration, aircraft maintenance and accommodation, 

and part of the runway and open area.  

 Catchment 2: Rainfall within the eastern portion of the Site is directed towards open 

drains which extend in a general south-easterly direction and discharge into Ki-it Monger 

Brook. This catchment area includes the remainder of the site administration facilities, 

maintenance and accommodation facilities, the fuel farm, RSAF operations and bushland 

areas.  

 Catchment 3: Rainfall within the western portion of the Site, comprising the majority of 

the runways and airfield, fire station and other miscellaneous facilities, is directed to open 

drains that mostly extend in south-westerly direction and discharge into Ellen Brook. One 

drain extends in a south south-easterly direction and discharges into Ki-it Monger Brook. 

The topographic contours presented on Figure 2 are not indicative of any low lying areas on the 

Site where surface water may pool and subsequently infiltrate to groundwater. However, 

throughout the DSI fieldwork program, GHD observed pooled surface water in a number of 

areas across the Site, particularly within the bushland along the western Site boundary near 

Ellen Brook and within bushland in the southern portion of Source Area B (refer to Figure 2). 

The observed surface water accumulation is likely the result of the high clay content of the near-

surface soils across the Site, which restrict infiltration of rainfall.  

Similarly, GHD also observed surface water inundation of the eastern portion of Lot 200, 

immediately west of Ellen Brook. Consistent with information provided verbally by a West 

Bullsbrook resident during the 5 December 2016 community information session, it is believed 

that this inundation is the result of overflow from Ellen Brook during or following heavy rainfall 

events. 

There is a WWTP in the northern portion of the site (referred to as Potential Source Area Q 

shown on Figure 1) which features two aerobic ponds and two anaerobic ponds. GHD 

understands that historically, treated water was discharged to Ellen Brook via open drains 

extending across the northern end of the airfield (refer to Figure 3). In 2002, the system was 

modified to allow for disposal of treated effluent by irrigation to the grassed open space to the 

east of the WWTP (i.e. Potential Source Area G shown on Figure 1) however this was 

unsuccessful due to failings in the design. Based on information provided by Site personnel, 

GHD understands that the WWTP is currently operational and that the water in the ponds 

comprises stormwater and sewage which evaporates. No water is discharged to Ellen Brook (or 

anywhere else) and the ponds receive water in a cycle (i.e. only one pond receives water at a 

time) to avoid overflowing.  

3.6 Geology 

With reference to Figure 4, the Site is underlain by Guildford Formation sediments comprising 

predominantly brown, silty and slightly sandy clays or clayey sands with subordinate sands and 

gravels (Geological Survey of Western Australia 1978). 

Previous environmental investigations have generally encountered alternate layers of firm sandy 

clay/clayey sand overlying stiffer sandy clay with some areas containing gravelly clay. In some 

instances, thin lenses of quartz/calcarenite and bands of iron cemented silts (colloquially 
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referred to as “coffee rock”) were encountered above the sand clay/clayey sand layers. Previous 

investigations have drilled to a maximum depth of approximately 12 m below ground level (bgl). 

In general, the drilling conducted during this DSI confirmed the geology presented in previous 

reports. 

3.7 Hydrogeology 

The Site is underlain by a superficial aquifer, a major generally unconfined aquifer extending 

throughout the Swan Coastal Plain. The Site is located on the eastern most part of the 

Gnangara Mound (north), a regional subdivision of the superficial aquifer that is formed mainly 

by regional topography, partially by the drainage pattern and partially by the hydraulic 

characteristics of the sediments (Davidson 1995). Within the boundaries of the Site, the 

Guildford Formation comprises much of the superficial aquifer. 

The superficial aquifer within the Guildford Formation overlies (in order of increasing depth) the 

following aquifer units (Gozzard 1982): 

 the semi-confined Mirrabooka aquifer, occurring at approximate depths of between 30 

and 60 m bgl; 

 the confined Leederville aquifer, a multi layered regional flow system in the Leederville 

and Osbourne Formations between 250 to 350 m bgl; 

 the South Perth Shale; and 

 the Yarragadee aquifer, a major confined aquifer underlying the entire Perth Region. 

The hydraulic properties of the superficial aquifer vary significantly depending on prevailing 

lithological characteristics. The Guildford Formation, comprising predominantly clayey 

sediments, typically exhibits low hydraulic conductivities (<0.4 m/day), although some basal 

sandy lenses are reported to have conductivities in the order of 5 to 10 m/day (ERM 2013). 

DWER observation boreholes installed in the vicinity of the Site indicate an approximate 

seasonal range in groundwater elevation of the order of two metres (ERM 2013).  

Previous investigations (ERM 2013) have indicated that a discontinuous perched aquifer is 

present across the Site within the upper portion of the Guildford Formation as a direct 

consequence of the presence of low permeability sediments and restricted vertical infiltration to 

the underlying aquifer. Perched groundwater transport to the open drainage channel network is 

expected to occur during the winter months, with associated discharges to both Ellen Brook and 

Ki-it Monger Brook. 

Groundwater has previously been recorded beneath the site at levels of between 26 and 32 m 

AHD, or approximately 5 m bgl in the western portion to approximately 22 m bgl in the eastern 

portion. Data available through the DWER suggests that groundwater within the Investigation 

Area is fresh to brackish (i.e. total dissolved solids (TDS) concentrations range from 500 mg/L to 

1,000 mg/L). 

Based upon groundwater mapping available from the DWER (based upon maximum 

groundwater levels recorded across the Bullsbrook region in 2014), groundwater flow is 

generally to the south-west beneath the northern portion of the Site and to the south beneath 

the southern portion of the Site. West of Ellen Brook, beneath West Bullsbrook, groundwater 

flow is generally east south-easterly towards Ellen Brook. The groundwater contours are 

presented on Figure 5. 

Groundwater contours interpolated from the gauging of groundwater monitoring wells installed 

by GHD as part of the DSI are presented on Figure 6 and Figure 7. Interpretations of the 

identified hydrogeological features within the Investigation Area are shown in cross sections 
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presented in Figure 8a and Figure 8b. The transects that the cross-sections represent are 

presented on Figure 6. 

3.7.1 Groundwater abstraction 

GHD understands that scheme water supplies the Site and that groundwater is no longer 

abstracted for any purpose. Bottled water is supplied to the Site for drinking purposes owing to 

the ageing scheme water infrastructure and associated bacterial contamination within the 

scheme water. 

Based on information available through the DWER (2017b) water information database, there 

are in excess of 100 registered groundwater bores located within a 5 km radius of the centre of 

the Site, as shown on Figure 9. The properties to the west of the Site, within West Bullsbrook, 

currently do not have a scheme water connection. 

Most of these bores (approximately 90%) abstract groundwater from the regional superficial 

aquifer. Consistent with advice provided by the DWER, it is important to note that domestic 

groundwater abstraction (with a yield of less than 1500 kL/annum) does not require licensing 

and thus there is likely to be a significant number of bores present within the Investigation Area 

which are not shown on the DWER (2017b) database. 

In May 2016, GHD completed a water use survey of properties within the Investigation Area 

(GHD 2016b). The purpose of the survey was to obtain information from local Bullsbrook 

residents about bore water use at their properties, particularly in relation to household water 

use. A supplementary water use survey was carried out as part of the December 2016 

Community Information Session to obtain information on the use of water for crop watering or 

animal feeding. The information obtained assisted in defining the sampling and analysis 

program and the resulting data was used in the human health risk assessment. 

It is important to note that many of the survey responses received were from people who live 

outside the Investigation Area. The following is a summary of the key findings from 47 surveys 

completed by residents who were living inside the Investigation Area at the time of the survey. 

Three respondents elected not to provide their address with their responses to the questions 

and as a conservative measure, GHD has assumed that these respondents live within the 

Investigation Area and the data from their surveys is included in the summary below. 

 Forty-two respondents were residential property owners. Two of these indicated that they 

also used their properties for commercial/industrial purposes. One respondent used their 

property only for commercial/industrial purposes and another only for horticultural 

purposes. 

 Forty-five respondents indicated they had groundwater bores on their properties. One 

respondent also had rainwater. 

 Of the forty-five respondents with bores: 

– All respondents used at the time of the survey, or have previously used, bore water on 

their properties. 

– Forty-four used bore water in their homes at the time of the survey. 

 Respondents identified a variety of different household uses of water, with varying 

numbers of respondents using bore water for each of the uses recorded. These uses 

included: 

– Drinking (30 respondents) 

– Cooking (23 respondents) 

– Swimming (9 respondents) 
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– Showering (28 respondents) 

– Washing (27 respondents) 

– Gardening (27 respondents) 

– Animal washing or feeding (18 respondents) 

– Flushing toilets only (7 respondents) 

– Non-specified household use (17 respondents) 

 Seven respondents use the local creeks for recreational purposes. 

Four respondents completed additional questions relating to non-household bore water use as 

part of the supplementary December 2016 survey, the results of which indicated: 

All four respondents use bores to water either vegetables, herbs, fruit or unspecified crops. 

 Three respondents use bore water to feed household pets. 

 Two respondents use bore water to feed chickens. 

 Three respondents consume vegetables and herbs grown at their properties. 

 Two respondents consume fruit grown at their properties. 

 Three respondents consume eggs produced on their properties. 

 Two respondents consume meat produced at their properties. 

 One respondent is selling meat produced at their property. 

 Two respondents used water outside their house for non-specified purposes. 

3.8 Ecology 

3.8.1 Surface water and wetlands 

Numerous sensitive ecological receptors are present within the Investigation Area, as presented 

on Figure 10. Ellen Brook extends along the western Site boundary and is a “conservation 

category” wetland as defined by the DBCA. The brook receives surface water runoff from the 

Site. 

The Twin Swamps Nature Reserve is located approximately 2.6 km south of the southern Site 

boundary and is a “conservation category” wetland as defined by the DBCA. Within the Reserve 

is the Ellen Brook Swamp System which is a Nationally Important Wetland, as defined by the 

Department of the Environment and Energy (DEE). 

Based on advice provided by the DBCA, GHD understands that Twin Swamps Nature Reserve 

was established to assist with the conservation of the critically endangered Western Swamp 

Tortoise along with Ellen Brook Nature Reserve, which surrounds a portion of Ellen Brook 

approximately 7 km downstream of the southern Site boundary. Both of these reserves are 

likely to be hydraulically connected to groundwater and/or surface water. Surface water in Twin 

Swamps is understood to be supplemented by groundwater from abstraction bores located 

within the northern portion of the reserve. Surface water in Ellen Brook Nature Reserve is fed 

directly by Ellen Brook. 

Nationally Important Wetlands such as the Ellen Brook Swamp System and conservation 

category wetlands such as Ellen Brook and Twin Swamps Nature Reserve are classified as 

Environmentally Sensitive Areas (ESAs) by the WA Minister for Environment under Section 51B 

of the Environmental Protection Act 1986. 
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3.8.2 Terrestrial ecology 

Portions of the Site, including the vegetated areas to the north, south-east and south-west of the 

airfield (including portions of Source Area B, Potential Source Area I and Potential Source Area 

S), are Bush Forever areas (Bush Forever Site 294: Pearce aerodrome and adjacent bushland, 

Bullsbrook) as presented on Figure 10. Bush Forever is a Government initiative aimed to retain 

and protect regionally significant bushland on the Swan Coastal Plain within the Perth 

Metropolitan Region. Bush Forever sites constitute ESAs under Section 51B of the EP Act. 

As reported by GHD in the Report for RAAF Base Pearce – Redevelopment Stage 1 Initial 

Environmental Review (GHD 2006), others have undertaken various vegetation surveys of the 

Site and these have identified several Threatened Ecological Communities (TECs) and 

Declared Rare Flora (DRF) including: 

 Corymbia calophylla - Xanthorrhoea preissii woodlands and shrublands of the Swan 

Coastal Plain 

 Shrublands and Woodlands on Muchea Limestone of the Swan Coastal Plain. 

 Endangered species Centrolepis caespitose. 

 Vulnerable species Eleocharis keigheryi. 

In October 2017, GHD completed an ecological survey of relevant portions of the Site, including 

the Bush Forever area in which Source Area B is located, to obtain data to inform the ERA. The 

results of the survey are presented in the GHD (2017e) ecological investigations report. 

Throughout the DSI, birds were observed foraging on ground within Source Area A. The 

ecological survey conducted by GHD (2017e) observed ten bird species within the area and 

noted that common insectivorous bird species may use the area for foraging. 
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4. Contamination summary 

The following sections summarise the key findings from the Consolidated DSI report (GHD, 

2018) and should be referred to for more detailed information. The detailed tables of analytical 

results, prepared as part of the Consolidated DSI report, are presented in Appendix B. Sampling 

locations and results are also presented on the Figures included at the rear of this report.  

4.1 Source areas 

Four main sources of PFAS resulting from the historical on-site storage, use and disposal of 

AFFFs (Figure 1) were identified in the PSI report (GHD 2016c) and investigated as part of the 

DSI (Table 3). During development of the Phase II DSI Sampling Analysis Quality Plan (SAQP) 

(GHD 2017g), GHD carried out a supplementary site history review, supplementary site 

inspection and supplementary interviews with additional Base personnel including Fire and 

Rescue personnel. Based upon these supplementary works, 15 additional Potential Source 

Areas were identified, referred to as Potential Source Areas E to S. PFAS concentrations 

exceeded the adopted health based assessment levels in soil and groundwater at Source Areas 

A, B and D and in groundwater at Source Areas C, J and R. These are the most impacted areas 

and are the focus locations for the HHRA.  

PFAS concentrations in groundwater samples collected Potential Source Area J and R 

exceeded health-based criteria. However, there are no identified groundwater exposure 

scenarios in these areas and hence they have not been used in this HHRA. However, these 

sources have been used in a separate hydrogeological study to evaluate potential long-term 

trends in groundwater and potential for exposure by down-gradient receptors to increase over 

time.  

In addition to these Source Areas, a childcare centre within the Base was also investigated 

given it may have been previously irrigated with Site groundwater. 

Table 3 Source areas 

Source area  Land use Assessed in the HHRA 

Source Area A Fire training area Yes 

Source Area B Former fire training areas Yes 

Source Area C Hangar 93 and foam disposal pit Yes 

Source Area D Grounds maintenance area Yes 

Potential Source Area E Main runway strip  

Potential Source Area F Fitters workshop (Building 86)  

Potential Source Area G Former fire training area  

Potential Source Area H Crash site A  

Potential Source Area I Crash site B  

Potential Source Area J Former fuel farm  

Potential Source Area K BroadSpectrum compound  

Potential Source Area L 3TU telecommunications area  

Potential Source Area M Crash site C (Twin Swamps)  

Potential Source Area N Fire event (loader)  

Potential Source Area O Lot 1990 Neaves Road  

Potential Source Area P Fire event (semi-low loader)  

Potential Source Area Q Wastewater treatment plant  

Potential Source Area R RAAF Pearce landfill  

Potential Source Area S Police dog training site  

Child Care Centre Child Care Centre Yes 
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4.2 On-site soil 

Two samples collected from soil bore SD_HA58 at depths of 0.1 m and 0.5 m bgl, located within 

Source Area D, reported a PFOS plus PFHxS concentration in excess of the adopted National 

Environmental Management Plan (NEMP 2018) soil assessment level for commercial/industrial 

land use (20 mg/kg). Within Source Area A, there were six exceedences of the NEMP (HEPA, 

2018) PFOS assessment level for commercial/industrial land use, while there was a single 

exceedance reported for Source Area B. All soil PFAS results in the other Sources Areas were 

below the adopted human health based assessment levels, including the Potential Source 

Areas E to S.  

A statistical analysis of the soil sampling results for PFOS plus PFHxS and PFOA for the four 

identified key Source Areas (i.e. Source Areas A, B, C and D) is summarised in Table 4. The 

statistics are divided into three categories: 

 Total dataset 

 Surface samples (0 m to 0.3 m) representative of exposure to site workers 

 Surface and shallow trench (0 m to 1.5 m) representative of exposure to workers involved 

in shallow excavations 

The lateral extent of each Source Area, as represented by the statistical analysis, is described 

as follows:  

 Source Area A is approximately 65,000 m2 (refer to Figure 16). It consists of the Air 

Traffic Control tower, fire station and associated infrastructure and surrounding open 

space. The 95% UCL is a representation of the concentrations that workers may be 

exposed to in this area, particularly around the existing infrastructure. 

 Source Area B is approximately 11,700 m2 (refer to Figure 17) and is made up of two 

separate fire training areas of approximate equal area, located to the north and south of 

an aircraft servicing area with associated buildings and infrastructure. Exposure to PFAS 

within this Source Area is more likely to occur to outdoor workers rather than those 

working within the buildings. 

 Source Area C is approximately 9,500 m2 (refer to Figure 18) and is occupied by Hangar 

93 and the surrounding area. The 95% UCL is a representation of the concentrations that 

workers may be exposed to in this area, particularly around Hangar 93. 

 Source Area D is approximately 165 m2 (refer to figure 19) and comprises the grounds 

maintenance area. The extent of soil impact is highly localised around the general 

equipment storage and laydown Area. The 95% UCL is a representation of the 

concentrations that workers may be exposed to in this area. 
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Table 4 Statistical analysis of soil analytical results (mg/kg) 

Parameter Source Area A Source Area B Source Area C Source Area D 

Approx. 
Sampling Area 
(m2) 

65,000 11,700 9,500 165 

Total Dataset 

PFOS plus PFHxS 

No. samples 193 62 30 29 

Max 81.5 30.1 0.203 315 

Min <0.0002 <0.0002 <0.0002 <0.0002 

Mean 2.0 0.90 0.02 13.69 

No. 
exceedences 

6 1 0 2 

95% UCL 12.1 0.036 0.203 (*) 315 (*) 

PFOA 

No. samples 193 62 30 29 

Max 1.13 0.038 0.00234 4.39 

Min <0.0002 <0.0002 <0.0002 <0.0002 

Mean 0.01 0.0037 0.0004 0.16 

No. 
exceedences 

0 0 0 0 

95% UCL 0.0079 0.0002 0.0005 0.68 

Surface samples (0 m to 0.3 m) 

PFOS plus PFHxS 

No. samples 97 28 6 13 

Max 81.5 30.1 0.203 59.7 

Min 0.002 0.0005 0.0033 <0.0002 

95% UCL 3.03 0.0212 0.203 (*) 59.7 (*) 

PFOA 

No. samples 97 28 6 13 

Max 0.106 0.0377 0.0018 0.181 

Min <0.0002 <0.0002 <0.0002 <0.0002 

95% UCL 0.0051 0.0001 0.0018 (*) 0.181 (*) 

Surface and shallow trench samples (0 m to 1.5 m) 

PFOS plus PFHxS 

No. samples 191 59 26 26 

Max 81.5 30.1 0.203 315 

Min <0.0002 <0.0002 <0.0002 <0.0002 

95% UCL 12.1 0.037 0.16 315 (*) 

PFOA 

No. samples 191 59 26 26 

Max 1.13 0.038 0.00234 4.39 

Min <0.0002 <0.0002 <0.0002 <0.0002 

95% UCL 0.0079 0.0002 0.0007 1.06 

Notes: (*) Due to high standard deviation, resulting 95% UCL exceeds maximum reported concentration, therefore 
maximum result adopted 
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The reported soil PFAS concentrations indicate that the Source Areas may act as an ongoing 

source of groundwater contamination. In this respect, leachable concentrations of PFAS 

compounds were reported from soil samples collected from Source Areas A, B and D following 

treatment via Australian Standard Leaching Procedure (ASLP), as detailed in the GHD (2018) 

Consolidated DSI report.  

Concentrations of PFAS in soil at the childcare centre were significantly lower than in the main 

Source Areas. The highest PFAS concentrations was recorded at soil bore CC_HA71 at a depth 

of 0.1 m bgl, which recorded a PFOS plus PFHxS concentration of 0.0140 mg/kg and a PFOA 

concentration of 0.0012 mg/kg.  

4.3 On-Site drainage surface water 

Twenty-seven primary surface water samples were collected from the on-Site drainage 

channels over two sampling events. Twenty-five surface water samples reported PFAS 

concentrations in excess of the NEMP (2018) recreational water quality assessment levels. The 

highest reported PFOS plus PFHxS concentration was 424 µg/L for sample PD_SW07 

(collected on 22 August 2017) which was collected from a drainage channel located within 

Source Area A. Concentrations decreased with distance from Source Area A by at least an 

order of magnitude at approximately 1,500 m downstream of the Source Area. Table 5 presents 

a summary of the data.  

Table 5 On-Site drainage channels – summary of surface water analysis 

Analyte Minimum (µg/L) Maximum (µg/L) Average (µg/L) 

PFOS 0.04 353 51.61 

PFOS plus PFHxS 0.04 377.6 64.84 

PFOA <0.01 5.94 1.14 

Total PFAS 0.04 480 85.03 

For the purpose of assessing health risks to on-Site maintenance workers, the maximum 

reported PFAS concentration was used (i.e. sample PD_SW07 collected on 22 August 2017, as 

described above).  

4.4 Off-Site surface water and sediment 

PFOS, PFHxS and PFOA were detected in the surface waters of Ellen Brook and Ki-it Monger 

Brook, at concentrations exceeding the adopted health and ecology based assessment levels 

(NEMP 2018).  

Fifty primary surface water samples were collected from Ellen and Ki-it Monger Brook over 

multiple sampling events. In addition, eight primary surface water samples collected from the 

drainage channels in West Bullsbrook were analysed for PFAS. This included four samples from 

the creek traversing Lot 200 and four samples from the drain traversing the medium-density 

residential settlement to the south of Lot 200. The sampling locations are shown on Figure 12. 

PFAS concentrations in surface water decreased with distance downstream of the Site. Within 

Ellen Brook, PFOS plus PFHxS concentrations exceeded the NEMP (2018) recreational water 

assessment level up to approximately 900 m downstream of the Site. PFOS concentrations 

exceeded the NEMP (2018) 95% freshwater species protection assessment level up to 

approximately 3.2 km downstream of the Site. 

Sediment concentrations within the portions of the Brooks that are adjacent or within the Site 

boundary were low (i.e. a maximum PFOS plus PFHxS concentration of 0.0792 mg/kg) and 

reduced further in the southern reaches of Ellen Brook. There are currently no Australian 

endorsed assessment levels for PFAS in sediment. 
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PFAS concentrations in surface water samples collected from the drainage channel that 

traverses the West Bullsbrook residential area and the creek that traverses Lot 200 in West 

Bullsbrook were relatively low (i.e. a maximum PFOS plus PFHxS concentration of 0.035 µg/L 

compared to a maximum of 11.3 µg/L recorded in Ki-it Monger Brook). Migration of PFAS 

through surface water in this part of the Investigation Area is not considered to be an active 

pathway and is not likely to be related to the Site given the surface water flow direction (i.e. 

easterly towards Ellen Brook). 

For the purpose of this health risk assessment the highest reported PFAS concentration in 

surface water in the Brooks (sample RK_SW14 collected from Ki-it Monger Brook on 21 

September 2016) was used to quantify risks. The concentrations were as follows: 

 PFOS: 8.35 µg/L 

 PFHxS: 2.91 µg/L 

 PFOS and PFHxS (sum): 11.3 µg/L 

 PFOA: 0.0642 µg/L 

 Total PFAS: 12.8 µg/L 

4.5 On-Site perched groundwater aquifer 

Exposure to perched groundwater may occur through direct contact by intrusive maintenance 

workers that may intercept the perched aquifer if working within the main identified Source 

Areas. Groundwater levels in four existing monitoring wells (installed by others) that target the 

perched groundwater aquifer (i.e. well installed to less than 6 m depth) were measured during 

the October 2016, December 2016 and September/October 2017 monitoring rounds. The four 

wells (WA0067- MW052, WA0067-MW053., WA0067-MW055 and WA0067-MW15) are all 

located relatively close together in Source Area A. 

Of the groundwater samples collected from the perched aquifer, the highest PFAS 

concentration was recorded in the sample collected from monitoring well WA0067-MW053 (refer 

to Figure 13) on 19 August 2017 and this has been used to estimate risks in relation to this 

exposure pathway. The concentrations were as follows:  

 PFOS: 12,000 µg/L 

 PFHxS: 347 µg/L 

 PFOS and PFHxS (sum): 12,300 µg/L 

 PFOA: 15.6 µg/L 

 Total PFAS: 12,600 µg/L 

4.6 On-site regional groundwater aquifer 

The groundwater investigation component of the DSI (GHD 2018) focussed on impacts to the 

regional superficial aquifer, as this is considered the likely source of groundwater used by the 

community in the area surrounding the base. Monitoring wells installed as part of the DSI have 

targeted two portions of the regional aquifer, namely: 

 “Shallow portions of the regional aquifer” which refers to a depth of approximately 6 m 

below the encountered level of the regional aquifer. 

 “Deeper portions of the regional aquifer” which refers to a depth of approximately 24 to 30 

m bgl.   
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The highest regional groundwater aquifer concentrations were recorded in Source Areas A, B, 

C, D, J and R, including concentrations that exceeded the NEMP (2018) non-potable and 

recreational assessment level of 0.7 µg/L. Potential Source Areas F, K, N and S also had 

detectable concentrations of PFOS plus PFHxS in groundwater. These concentrations were 

below the adopted health based assessment levels for the Site (NEMP 2018 non-potable and 

recreational), though with the exception of monitoring well SN_MW46 within Potential Source 

Area N, were above the NEMP (2018) drinking water assessment level of 0.07 µg/L. 

The majority of the down-gradient wells installed within the airfield and at the down-gradient Site 

boundary did not detect PFAS above the LOR. There were only three PFAS detections at down-

gradient boundary wells, namely BW_MW22S, GM_MW39 and BW_MW18. 

PFAS was not detected in groundwater within any of the wells that targeted the deeper portions 

of the regional aquifer including the deeper wells installed along the down-gradient Site 

boundary adjacent to Ellen Brook. Similarly, PFAS was not detected above the LOR within the 

deeper wells installed in the West Bullsbook area. This indicates that it is unlikely that PFAS is 

migrating across the Site and beyond the Site boundary to West Bullsbrook within the deeper 

portion of the regional aquifer. 

4.7 Off-site private groundwater bores (human health) 

A total of 116 private bores were sampled over multiple events, with 39 bores sampled twice, as 

summarised in Table 6. One hundred and sixty primary groundwater samples collected from 

these private bores were analysed for PFAS. At the request of some property owners or 

occupants, the locations of 19 bores and the associated sampling results are not presented 

within this HHRA report. At the request of some of the property owners or occupants, the 

locations of 32 bores are not presented on Figure 37, though the sampling results are included 

in this report. 

It should be noted that sampling of private bores was subject to permission from the property 

owner or occupant and for some sampling events, some owners or occupants declined to have 

their bore sampled. 

Table 6 Private bore groundwater sampling events 

Sampling event No. locations 
monitored 

Locations monitored 

May 2016 10 Bore 1 to Bore 10 

June 2016 1 Bore 1* 

August 2016 12 Bore 11 to Bore 22 

October 2016 1 Bore 23^ 

January 2017 24 Bore 3, Bore 9, Bore 19, Bore 24 to Bore 44 

March 2017 1 Bore 45^ 

April 2017 1 Bore 46^ 

June 2017 2 Bore 47 and Bore 48^ 

September 2017 39 Bore 1 to Bore 10, Bore 12 to Bore 22, Bore 24 to Bore 
32, Bore 34 to Bore 35, Bore 36 to Bore 39, Bore 41 to 
Bore 44 

November 2017 1 Bore 49 

February 2018 67 Bore 50 to Bore 116 

Note: *Bore 1 was re-sampled to confirm the result; ^These bores were sampled in response to requests 

from the property resident or owner 

PFAS was detected in groundwater collected from 16 off-Site private bores. Concentrations of 

PFOS plus PFHxS exceeded the drinking water assessment level in six of these with a 
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maximum concentration of 0.56 μg/L recorded. Fourteen of the detections were located in the 

West Bullsbrook area, one was located to the south of the Site and the other to the south-east, 

on the eastern side of Ki-it Monger Brook up-stream of the Site.  

Detailed analytical results are presented in Table B36, Appendix B and summarised in Table 7. 

As previously stated, it must be noted that at the request of some residents, specific data 

associated with some bores (recorded concentrations and bore location) has not been 

presented in this HHRA report. 

Table 7 Summary of analytical results from private groundwater bores µg/L 

Parameter PFOS, PFHxS (sum) PFOA 

Investigation Level (drinking 
water), NEMP 2018 

0.07 0.56 

Minimum (from 16 bores with 
detections) 

0.02 <0.01 

Maximum (from 16 bores with 
detections) 

0.56 0.03 

The Consolidated DSI (GHD 2018) concluded that the most likely mechanisms by which the 

PFAS has migrated to the private bores in the West Bullsbrook residential area is considered to 

be primarily the discharge of impacted surface water from Ellen Brook to the underlying 

groundwater, particularly following flood events or sustained rainfall and secondarily, 

groundwater migration from the Site. This conclusion is supported by a number of lines of 

evidence that include measured surface water and groundwater elevations, PFAS 

concentrations recorded in surface water of Ellen Brook and groundwater adjacent to the West 

Bullsbrook residential area and the physicochemical profile of the surface water of Ellen Brook 

compared to groundwater in bores which recorded PFAS above the LOR.  

The PFAS concentrations recorded at the two off-site private bores to the south and east of the 

Site are considered likely to be the result of groundwater migration from the Site. The 

interpreted groundwater contours indicate potential for impacted groundwater to migrate off-

Site, beneath Ki-it Monger Brook, towards these bores from Source Area B, Potential Source 

Area J and Potential Source Area S. This is further supported by the physiochemical profile of 

groundwater (particularly the pH) around the south-eastern Site boundary and in the private 

bores to the south and east of the Site.   

4.8 Biota and produce  

The aquatic biota sampling locations (refer to Figure 14) were chosen based upon visually 

identifiable favourable aquatic habitats within the vicinity of surface water and sediment 

sampling locations. The sampling locations are therefore considered to be suitably 

representative of the natural ecology of the Brooks and the types of locations that would likely 

be targeted during recreational fishing. Where possible, sample locations were also positioned 

at the Site drainage discharge points (e.g. Biota 2 is near the E7, E8 and E9 discharge points, 

Biota 6 and Biota 7 are located at the M4 and M5 discharge points respectively. Site drainage 

points are shown on Figure 3). These locations are considered representative of ‘worst-case’ 

exposure to impacted surface water and sediment by aquatic biota.   

PFAS were detected within the aquatic biota samples (fish and crustaceans) collected from 

Ellen and Ki-it Monger Brooks. PFOS plus PFHxS concentrations exceeded the adopted Food 

Standards Australia New Zealand (FSANZ 2017c) consumption trigger points in the fish 

samples though not within crustacean samples. PFOS concentrations were below the adopted 

Environment and Climate Change Canada (ECCC 2017) ecology based assessment level in 

both fish and crustacean samples. 
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PFAS including PFOS, PFHxS and PFOA were detected in the majority of the terrestrial biota 

samples (vegetation, invertebrate and animal scat samples) collected from Source Area A and 

Source Area B. There are currently no Australian regulatory endorsed assessment levels for 

PFAS in terrestrial biota. 

The private properties from which produce (fruit, vegetables and eggs) samples were collected 

were selected based upon the results of the water use survey (refer to Section 3.7.1), the off-

Site groundwater results, their location relative to the Site and inferred groundwater and surface 

water flow pathways. All properties where produce was sampled used bore water to irrigate 

produce or as a drinking water supply for chickens. Of the nine properties where produce was 

sampled, four had PFAS in their groundwater supply. This included the two properties where, at 

the time of sampling, the highest off-Site groundwater concentrations had been observed (0.4 

ug/L and 0.18 ug/L PFOS plus PFHxS). Not all properties which had PFAS groundwater 

concentrations above the LOR were growing produce and this limited the number of produce 

samples that could be collected from PFAS affected properties. The number and type of 

produce samples collected at each property was based upon discussions with the residents in 

relation to their consumption habits whereby produce which was consumed most often was 

prioritised for analysis.   

PFAS were not detected above the LOR in any of the produce samples collected from private 

properties (fruit, vegetable and egg samples), with the exception of two egg samples which 

contained PFOS plus PFHxS at concentrations below the FSANZ (2017c) consumption trigger 

point for poultry eggs. 

Further discussion is presented in Section 7.6.4 and 7.6.5. 

4.9 Review of other PFAS compounds 

There are numerous compounds which represent the PFAS group, but PFOS, PFHxS and 

PFOA are the three primary PFAS compounds assessed at former fire-fighting training grounds 

on account that these three chemicals are the primary component of AFFF. These three 

compounds are referenced by FSANZ (2017a) in its recommendations for tolerable daily intake 

levels (refer to Section 6.4.3).  

4.9.1 Soil – primary source areas 

The analytical results for soil within the primary source areas were assessed to evaluate what 

proportion of PFAS constituted PFOS, PFHxS and PFOA. Within the majority of samples, 

PFOS, PFHxS and PFOA made up over 90% of the total PFAS, with only a few samples 

consisting of more than 10% of other PFAS compounds. The compounds present in these 

samples were: 

 Perfluorobutane sulfonic acid (PFBS); and 

 Perfluorohexanoic acid (PFHxA). 

It is noted that all soil samples that had PFOS plus PFHxS concentrations in excess of the 

NEMP (2018) commercial/industrial assessment level (i.e. 20 mg/kg) had less than 10% 

composition of other PFAS compounds.  

4.9.2 Sediments 

The analytical results for sediment samples were assessed to evaluate what proportion of PFAS 

constituted PFOS, PFHxS and PFOA. Within the majority of sediment samples that had total 

PFAS concentrations greater than 1 mg/kg, PFOS, PFHxS and PFOA made up over 90% of the 

total PFAS, with only one sample consisting of more than 10% other PFAS compounds. 
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4.9.3 Groundwater 

The analytical results for groundwater were assessed to evaluate what proportion of PFAS 

constituted PFOS, PFHxS and PFOA. Excluding samples that recorded total PFAS 

concentrations of less than 1 µg/L, a number of groundwater samples had greater than 10% 

composition of other PFAS compounds, with some samples reporting a greater than 30% 

contribution from other PFAS. The compounds present in these samples were: 

 Perfluorobutane sulfonic acid (PFBS); 

 Perfluoroheptane sulfonic acid (PFHpS); 

 Perfluoropentane sulfonic acid (PFPS); and 

 Perfluorohexanoic acid (PFHxA). 

It is apparent that these compounds are the shorter chained PFAS which are less likely to 

adsorb onto soil than PFOS and PFOA, and hence are more mobile, and thus more likely to be 

detected in groundwater. 

4.9.4 Surface water 

The analytical results for surface water samples were assessed to evaluate what proportion of 

PFAS constituted PFOS, PFHxS and PFOA. Excluding samples that recorded concentrations of 

less than 1 µg/L, a number of surface water samples had greater than 10% composition of other 

PFAS compounds, with some samples reporting a greater than 20% contribution from other 

PFAS. The compounds present in these samples were: 

 Perfluorobutane sulfonic acid (PFBS); 

 Perfluoroheptane sulfonic acid (PFHpS); 

 Perfluoropentanoic acid (PFPA); 

 Perfluoropentane sulfonic acid (PFPS); and 

 Perfluorohexanoic acid (PFHxA). 

As with the groundwater samples, it is apparent that these compounds are the shorter chained 

PFAS which are less likely to adsorb onto soil than PFOS and PFOA, and hence are more 

mobile, and thus more likely to be detected in surface water.  

4.10 Chemicals of potential concern 

With reference to Section 4.9, the primary PFAS chemicals of potential concern (COPC) are: 

 Perfluorooctane sulfonic acid (PFOS); 

 Perfluorohexane sulfonic acid (PFHxS); and 

 Perfluorooctanoic acid (PFOA). 

The data summary in Section 4.9 suggests that heavier PFAS (including PFOS, PFHxS and 

PFOA) has a tendency to adsorb to soil and sediments while the shorter chain PFAS tend to 

mobilise to groundwater and surface water. In this respect, additional COPC include the 

following short-chain PFAS: 

 Perfluorobutane sulfonic acid (PFBS); 

 Perfluoroheptane sulfonic acid (PFHpS); 

 Perfluoropentanoic acid (PFPA); 

 Perfluoropentane sulfonic acid (PFPS); and 
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 Perfluorohexanoic acid (PFHxA). 
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5. Conceptual site model 

The detailed conceptual site model (CSM) is presented in Section 12 of the Consolidated DSI 

report (GHD 2018) and graphically on Figure 39 and Figure 40. The following is a summary of 

the CSM. 

5.1 Site characteristics 

The key Site characteristics are summarised as follows: 

 The Site slopes gently in a general westerly direction towards Ellen Brook. The Site 

comprises three principal drainage catchments which direct surface water to open 

drainage channels that discharge to Ellen and Ki-it Monger Brooks. 

 There are numerous sensitive ecological receptors within the Investigation Area including 

several Bush Forever conservation reserves and conservation category wetlands such as 

Ellen Brook and the Twin Swamps Nature Reserve. 

 The geology of the Investigation Area is generally dominated by a succession of brown 

silty clays over a sandier basal unit. The geology is likely part of the lower Guilford Clay 

formation where the Guilford Clay is described as containing lenses of fine to coarse 

grained sand towards its base in the area of the Swan Valley (Davidson 1995). 

 The hydrogeology of the Investigation Area consists of a discontinuous, seasonal 

perched aquifer within the upper clay rich layer, underlain by the superficial regional 

aquifer that occurs within the sandier basal unit. The groundwater investigation 

component of the DSI focussed on the regional aquifer as this is the aquifer from which 

groundwater users are abstracting water. 

 Beneath the majority of the Site, groundwater is generally moving in a south-westerly 

direction towards the likely discharge point of Ellen Brook. Within the south-eastern 

portion of the Site, around Ki-it Monger Brook groundwater appears to flow in a more 

southerly direction. In the vicinity Source Area B and Potential Source Area S, 

groundwater appears to flow in a south-easterly direction towards Ki-it Monger Brook. 

Beneath the West Bullsbrook area, groundwater is generally flowing in an easterly 

direction, towards the likely discharge point of Ellen Brook. North of the Site, in the vicinity 

of Potential Source Area R, groundwater flow is more westerly. 

 The groundwater and surface water level data obtained during and after wet periods (i.e. 

winter and post-winter) suggest that the majority of Ellen Brook is receiving groundwater 

(i.e. Ellen Brook is a ‘gaining’ brook). Post-summer, when groundwater levels are lower, it 

is considered possible that the Ellen Brook discharges surface water to groundwater. 

Groundwater appears to flow beneath Ki-it Monger Brook during both post-winter and 

post-summer conditions and it is also possible that surface water discharge to 

groundwater occurs beneath Ki-it Monger Brook.   

5.2 Sources 

There are six Source Areas where PFAS was detected in soil or groundwater at concentrations 

exceeding the adopted assessment levels. These are considered to be the most impacted areas 

and include: 

 Source Area A – Fire training area; 

 Source Area B – Former fire training areas 

 Source Area C – Hangar 93 and foam disposal pit 
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 Source Area D – Grounds maintenance area 

 Potential Source Area J – Former fuel farm; and 

 Potential Source Area R – RAAF Pearce landfill. 

The highest soil concentrations were recorded in Source Areas A, B and D. The extent of PFAS 

in soil within these areas was delineated and found to be relatively localised. The results of total 

organic carbon (TOC), cation exchange capacity (CEC) and pH soil analysis indicate that there 

is limited potential for PFAS mobility to be reduced through binding to organic matter. This 

supported by the leachability testing, which indicates that PFAS in soil may be mobile. 

Therefore, PFAS in soil could be acting as a secondary source of PFAS impact to groundwater. 

5.3 Transport pathways 

Surface water migration is considered to be the primary PFAS transport pathway. Leaching from 

soils to groundwater is considered to be a less significant transport pathway outside the Source 

Areas, but will be a significant pathway within the Source Areas.    

Wind erosion of impacted soils was considered to be less significant than the direct exposure 

pathway given that the Source Areas are largely sealed or grassed, minimising the potential for 

generation of dust.  

Leaching from infrastructure and concrete may be a potential transport pathway where legacy 

AFFF was stored and used, and where surface penetration of contaminated groundwater may 

impact foundations of structures. 

5.4 Exposure pathways and receptors 

As part of the Consolidated DSI (GHD 2018), a qualitative risk assessment was undertaken in 

order to establish the exposure pathways that are likely to be ‘complete’ and require more 

detailed assessed as part of the HHRA. A summary of the qualitative risk assessment is 

provided in Appendix C.  

Based on the qualitative risk assessment, a number of exposure pathways were found to be 

incomplete or insignificant (and therefore, pose a low risk to receptors) following consideration 

of: 

 The reported PFAS concentrations i.e. where concentrations were below the adopted 

screening assessment levels; and/or 

 the absence of an exposure route e.g. the presence of sealed surfaces limiting exposure 

to soil, or the provision of alternative potable water to Site workers instead of reliance on 

groundwater. 

These incomplete pathways, which are summarised below, have not been considered further as 

part of the HHRA:  

 Exposure of Site workers to soil within the Source Areas, except for Source Area A and 

Source Area D (it is noted that the HHRA has also considered exposure to soil to Source 

Area B and Source Area C, as a conservative measure). 

 Exposure to soil at private properties, including Lot 200. 

 Exposure of Site workers to surface water in the WWTP  

 Exposure to surface waters within the drainage channel traversing West Bullsbrook and 

the creek traversing Lot 200. 
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 Exposure to groundwater through domestic non-potable uses such as showering, pet 

washing, gardening and swimming (it is noted however, that the HHRA has given further 

consideration to exposure to groundwater via these uses as a conservative measure).  

The following exposure pathways were considered to be complete and have been assessed 

further as part of the HHERA: 

 Human health exposure pathways (assessed in this HHRA report): 

– Incidental ingestion of soil by base workers within Source Area A and Source Area D. 

– Incidental ingestion of sediment and surface water by base workers within the on-Site 

drainage channels. 

– Incidental ingestion of sediment and surface water by recreational users of Ellen and 

Ki-it Monger Brooks. 

– Incidental ingestion of soil by users of the on-Site childcare centre. 

– Direct consumption of fish and crustaceans caught from Ellen and Ki-it Monger 

Brooks. 

– Incidental ingestion of groundwater by base workers (limited to workers conducting 

intrusive maintenance works who may encounter shallow perched groundwater). 

– Direct consumption of groundwater by off-Site groundwater users. 

– Direct consumption of breastmilk by infants and potentially placental transfer during 

pregnancy from mothers that have consumed groundwater containing PFAS. 

– Direct consumption of produce watered with groundwater containing PFAS. 

– Direct consumption of homegrown chicken meat and eggs fed with groundwater 

containing PFAS. 

 Ecological exposure pathways (assessed in the ERA report): 

– Direct contact and uptake of soil by terrestrial biota within Source Area A, Source Area 

B (including Police dogs using Source Area B for recreation), Potential Source Area I 

and Potential Source Area S. 

– Ingestion or direct uptake of sediment and surface water by aquatic biota within Ellen 

and Ki-it Monger Brooks. 

– Ingestion or direct uptake of sediment and surface water by terrestrial biota adjacent 

to Ellen and Ki-it Monger Brooks that may occur following heavy rainfall events. 

– Incidental ingestion of sediment and surface water by Police dogs using Ki-it Monger 

Brook for recreation. 

– Ingestion of soil or surface water by livestock within Lot 200. 
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6. Toxicity assessment 

6.1 Overview 

The purpose of this section is to assess the potential effects of the COPC on human health, to 

determine the levels of exposure that could give rise to adverse effects.  

This information was used together with the exposure assessment (Section 7) to assess the 

risks associated with the identified contamination. 

6.2 General Principles 

A toxicity assessment is defined as the process of determining whether human exposure to a 

chemical could cause an increase in the incidence of an adverse health condition (NEPC, 2013; 

ANZECC/NHMRC, 1992; USEPA, 1989). It considers: 

 The nature of adverse effects related to the exposure. 

 The dose-response relationship for various effects. 

 The weight of evidence for effects such as carcinogenicity. 

 The relevance of animal data to humans. 

The results of the toxicity assessment are represented by a set of toxicity criteria that are used 

to help evaluate the risk associated with the contamination at a site. 

The NEPM (NEPC, 2013) indicates that, as part of toxicity assessment, reference should be 

made to pertinent information from the following principal sources, generally in the following 

order of priority: 

 World Health Organisation (WHO) documents. WHO documents include those from the 

International Programme on Chemical Safety such as the Environmental Health Criteria. 

 National Health and Medical Research Council (NHMRC) documents and documents 

from other joint Commonwealth, State and Territory health organisations. These may be a 

source of Australian guidance values. 

 National Environmental Health Forum Documents distributed by the South Australian 

Health Commission for the Directors of Environmental Health. 

 US Agency for Toxic Substances and Disease Registry (ATSDR) documents for general 

toxicological reviews and Reference Doses. 

 National Toxicological Program carcinogenicity appraisals that document the results of 

carcinogenicity tests of a wide range of chemicals. 

 International Agency for Research on Cancer (IARC) documents. 

 National Industrial Chemical Notification and Assessment Scheme (NICNAS) Priority 

Existing Chemical (PEC) reports. 

 International Program on Chemical Safety (IPCS) Concise Information Chemical 

Assessment Documents (CICAD). 

 Organisation of Economic Co-operation and Development (OECD) Standard Information 

Data Sets (SIDS). 

 Other governmental sources of information on chemicals and risk assessment, e.g. US 

EPA IRIS database, UK, Health Canada, Dutch and New Zealand guidance. 
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 Other sources of peer reviewed toxicity criteria including other US EPA sources such as 

the regional screening levels, the Provisional Peer-Reviewed Toxicity Values (PPRTV) or 

Health Effects Assessment Summary Tables (HEAST) on which the regional screening 

values are based or state-based US agencies such as California EPA, Office of 

Environmental Health Hazard Assessment (OEHHA) etc. 

The assessment of the toxicity of COPC is based on published human and animal toxicity 

information for each of these compounds. The reported adverse effects in humans and animals 

(associated with exposure to the COPC) have been reviewed in order to develop an 

understanding of the types of possible health effects that may result from exposure to these 

chemicals. 

6.3 Summary of health effects for PFAS 

A range of studies has been undertaken into the possible health effects of PFAS in humans. 

Most human studies have looked for a relationship between levels of PFAS in the blood and a 

health effect, but results have been inconsistent. Additional difficulties arise when seeking to 

extrapolate from animal to human studies, as humans and animals have been found to react 

differently to exposure to PFOS and PFOA, with profound differences in the toxicokinetics 

observed (ATSDR 2015).   

6.3.1 Acute toxicity 

The limited data available for humans indicates that acute toxicity is not observed following high 

exposure to PFOS or PFOA through inhalation, ingestion, dermal or ocular contact (ATSDR 

2015). Animal studies have found a moderate acute oral toxicity, with effects on the liver and 

gastrointestinal tract (PHE 2009, FSANZ 2017a). Toxicological findings in the liver included 

increased liver weight associated with hepatocellular hypertrophy, and occasionally vacuolation 

and increased enzyme markers of liver toxicity in serum.  

6.3.2 Chronic toxicity 

Animal studies have indicated that chronic exposure of mice, rats and monkeys to PFOS can 

result in increased liver weight, liver cell hypertrophy, histopathological changes to lungs, 

decreased hormone level, decreased reproductive outcome, and development delays. Chronic 

exposure to PFOA resulted in increased liver weight, and reduced immunoglobulin M antibody 

titres. 

Recent epidemiological studies on general populations, have attempted to assess the possible 

correlations between PFAS concentrations in the human body and various health endpoints. 

Based on these studies the following observations are made: 

 There was a modest positive association of PFOS/PFOA concentrations in serum with 

cholesterol. 

 Higher serum levels of PFOA were associated with elevated levels of uric acid in the 

blood (which can be a risk factor for hypertension). For PFOS, similar but less 

pronounced trends were found (Steenland et al 2010). 

 There was no significant association observed with blood cell counts or thyroid hormones. 

 There was some, but much less consistent, evidence of a modest positive correlation with 

increased liver enzymes in the blood. 

 The US EPA (2016) concluded that associations that appear to be reasonably consistent 

and repeatable are those between increased serum cholesterol and decreased body 

weights at birth. FSANZ (2017a) reviewed the available human epidemiological 

information and concluded that while there is evidence of these associations, it is not 
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possible to determine whether PFOS or PFOA cause the changes, or whether other 

factors are involved. 

 There was mixed information regarding the carcinogenicity of PFOS and PFOA. No 

significant correlation between PFOS exposure and increased risk of cancer has been 

reported. However, higher PFOA serum levels have been associated with kidney and 

testicular cancer, and PFOA is classified by the IARC Monographs as ‘possibly 

carcinogenic to humans’ (Group 2B).  

 Foetal and neonatal toxicity were observed in reproductive and developmental studies 

with PFOS and PFOA at doses which were similar to, or below those producing maternal 

toxicity. Adverse effects included early embryonic loss, reduced ossification, increased 

incidence of microcardia, decreased postnatal body weight gain, liver hypertrophy and 

reduced fecundity of prenatally exposed females. One research team published a number 

of studies describing microscopic effects of PFOA on mammogenesis, but these did not 

appear to affect lactation (FSANZ, 2017a). 

 PFOS induced liver tumours in rats at doses above those observed for other non-

neoplastic effects in the liver. The increased incidence of liver cell tumours appears to be 

due to peroxisome proliferator activated receptor (PPAR) agonism, a mechanism that is 

not relevant to human beings. PFOA induced Leydig cell tumours in rats, possibly also 

through a PPAR mediated mechanism. The weight of evidence from a range of 

genotoxicity studies suggests that PFOS and PFOA are not genotoxic (FSANZ, 2017a). 

6.4 Selected toxicity reference values (TRV) for PFAS 

6.4.1 General principles for dose-response assessment 

Human toxicity data (either occupational or epidemiological) are the preferred source of 

information for evaluating chemical toxicity. However, there is relatively little human health 

effects data available for most chemicals. In the absence of adequate human data, the results 

of toxicity studies in laboratory animals are used and extrapolated to humans. These studies are 

designed to identify what adverse effects may result following prolonged exposure to a chemical 

and at what exposure level these effects are observed. When animal data are evaluated, 

consideration is given to the study design and the suitability of the animal studies to human 

exposure settings. Extrapolation from animal data is commonly used to determine acceptable 

exposure levels for humans. 

The development of acceptable human health exposure levels is deliberately conservative.  

Studies that identify exposure levels associated with no effects [often termed the “no observable 

adverse effects level” (NOAEL)] are typically the basis for human toxicity criteria. A series of 

uncertainty factors (also known as safety factors) are applied to the NOAEL value to convert the 

results of the animal study into a human health protective value. 

The end-result of this process is a human health toxicity value designed to protect against any 

adverse effects associated with exposure to a particular chemical. 

For chemicals where there is an exposure level below which no toxic effect occurs (threshold 

toxicity), the estimated daily intake can be compared with a threshold toxicity reference value 

(TRV). The NEPM defines the TRV as a value representing a dose of a chemical that will not 

cause adverse effect over a lifetime of exposure. The TRV can refer to any appropriate measure 

of tolerable daily intake, and can include doses derived for different applications. References 

may be tolerable daily intakes (TDI), as for drinking water guidelines, or acceptable daily intakes 

(ADI) which are typically used in food/drug guidance, or USEPA reference doses (RfD). 
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6.4.2 Use of epidemiological data 

Epidemiological studies have indicated a link between PFOS/PFOA exposure and public health 

effects. However, most studies only show the odd ratio between control and exposure groups, 

or the potential association between exposure and risk. Thus far, epidemiological studies have 

concluded there is a weak positive association between serum PFOS/PFOA and increased 

serum cholesterol and uric acid levels. In addition, a few but inconsistent positive correlations 

have been observed showing toxicity to liver enzymes. Although recent studies associate 

exposure to PFAS with adverse health outcomes, most studies are cross-sectional analyses 

and therefore the data are insufficient to draw unambiguous conclusions about the effects of 

PFOS/PFOA in the progress of a particular disease. Therefore, it is difficult at this stage to 

establish a TDI based on human studies. 

6.4.3 FSANZ 2017a 

FSANZ, in response to a request from the DoH, undertook a review of toxicological information 

relating to perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA), which was 

published in April 2017. Key points relating to the development of TRVs by FSANZ are as 

follows: 

 The available human epidemiology data are not suitable to support the derivation of a 

tolerable daily intake (TDI) for PFOS or PFOA. 

 The recommended TDIs are based on the findings of toxicological studies in laboratory 

animals. 

 Given the marked variation in the half-life of both PFOS and PFOA in the various species, 

a pharmacokinetic modelling approach (that recognises and adjusts for half-life and other 

pharmacokinetic variation in and between species) is preferred to an approach based on 

the use of the NOAEL, and the application of a default uncertainty factor to account for 

pharmacokinetic differences. 

 For PFOS, FSANZ has recommended a TDI of 20 ng/kg bw/day on the basis of 

decreased parental and offspring body weight gains in a multigenerational reproductive 

toxicity study in rats. The TDI was derived by applying pharmacokinetic modelling to the 

serum PFOS concentrations measured in experimental animals at the NOAELs in these 

and other critical studies, to calculate human equivalent doses (HED). An uncertainty 

factor of 30 was applied to the HEDs, which comprised a default factor of 3 to account for 

interspecies differences in toxicodynamics and a default factor of 10 for intraspecies 

differences in the human population. 

 For PFOA, FSANZ has recommended a TDI of 160 ng/kg bw/day on the basis of a 

NOAEL for foetal toxicity in a developmental and reproductive study in mice. 

Pharmacokinetic modelling was applied to the serum concentrations at the NOAEL and 

above to calculate the HED. An uncertainty factor of 30 was applied to the HED, which 

comprised a default factor of 3 to account for interspecies differences in toxicodynamics 

and a default factor of 10 for intraspecies differences in the human population. 

 There was insufficient toxicological and epidemiological information to justify establishing 

a TDI for PFHxS. In the absence of a TDI, it is reasonable to conclude that the enHealth 

2016 approach of using the TDI for PFOS is likely to be conservative and protective of 

public health as an interim measure. Effectively, this means that PFHxS and PFOS 

should be summed for the purposes of a dietary exposure assessment and risk 

characterisation. 

The adopted TDIs are presented in Table 8. 
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Table 8 Summary of Toxicity Reference Values (FSANZ, 2017a) 

Chemical TRV 

PFOS, PFHxS (sum) 20 ng/kg/day 

PFOA 160 ng/kg/day 

6.4.4 TRVs for additional PFAS compounds 

The majority of reliable toxicity information relates to PFOS and PFOA (and PFHxS) as these 

are the PFAS compounds most commonly found historically in AFFF. It is acknowledged that 

other PFAS compounds were found during the investigation (as indicated in Section 4.9), but at 

lesser concentrations (and much smaller proportions) than PFOS, PFOA and PFHxS. 

The Texas Commission on Environmental Quality (TCEQ) published Protection Concentration 

Levels (PCLs) for drinking water and these included 16 PFAS chemicals. Toxic Equivalent 

Factors (TEF) may be derived by comparing to the PFOS and PFOA PCLs. The following trends 

are observed: 

 For shorter chain PFAS (e.g. PFHxS) the toxicity decreases; 

 For larger chain PFAS the toxicity is equal or higher than PFOS. 

As indicated in Section 4.9, most of the compounds contributing to exposure other than PFOS, 

PFHxS and PFOA are the shorter chain length PFAS chemicals, for which the toxicity 

decreases (i.e. a TEF less than 1). 

6.5 Background exposure to PFAS 

A study conducted in 2002 to 2003 across Australia of 3802 serum samples collected from both 

genders, in five age groups, found mean blood concentrations of 20.8 ng/mL and 7.6 ng/mL for 

PFOS and PFOA respectively (Kärrman et al 2006). A further three Australian studies were 

identified between 2006 to 2007 (Toms et al 2009), 2008 to 2009 and 2010 to 2011 (Toms et al 

2014). Data from these studies show that serum PFOS and PFOA concentrations in the general 

Australian population appear to have decreased from 2002 to 2011, with mean serum levels in 

the 2010 to 2011 study of 10.2 ng/mL PFOS and 4.5 ng/mL PFOA. This general decrease in the 

concentrations of PFOS and PFOA in blood serum is consistent with trends observed overseas 

(ATSDR 2015), reflecting the reduction in production and use of products containing PFOS and 

PFOA. 

Assuming first-order toxicokinetics with half-lives of 5.5 years and 3.2 years respectively, these 

serum levels correspond to estimated total daily intake rates for PFOS and PFOA of 0.89 ng/kg 

per day and 0.50 ng/kg per day, respectively. For PFOS, compared to the TDI of 20 ng/kg/d 

(refer to Section 6.4.3), background exposure contribution to risk is less than 5% of the TDI and 

therefore is considered insignificant. For PFOA, the background exposure contribution is even 

less.  

In addition to background exposure discussed above, consideration has been given to potential 

exposure through home-grown produce potentially watered with contaminated bore water. 

PFAS was not detected in any fruit or vegetable sampled from residential properties within the 

Investigation Area, with a laboratory limit of reporting (LOR) of 1 µg/kg. If the concentration of 

PFOS plus PFHxS in home-grown fruit and vegetable was 2 µg/kg (the sum of the LORs for 

PFOs and PFHxS), the resulting intake level assuming 10% of food is home-grown (based on 

the assumption for standard low density residential land use as per NEPC, 2013) is 

approximately 20% of the TDI for children. The potential contribution of PFAS from home-grown 

fruit and vegetables has been added to the background contribution discussed above. The 

resulting background exposure is presented in Table 9. 
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For further information on PFAS exposure from home-grown produce refer to Section 7.6.4. 

Table 9 Background PFAS exposure contribution 

PFAS TDI 

(ng/kg/d) 

Background 

dose 

(ng/kg/d) 

10% 

Home-

grown 

produce 

(ng/kg) 

Total 

(ng/kg/d) 

% TDI 

PFOS plus PFHxS 20 0.89 3.73 4.62 23.1% 

PFOA 160 0.50 1.87 2.37 1.5% 
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7. Exposure assessment 

7.1 Overview 

The exposure assessment documents the selection of potentially exposed populations and 

exposure pathways used in estimating the potential health risks arising from exposure to the 

COPC. 

7.2 Conceptual Site Model  

The Conceptual site model (CSM) was previously documented (GHD 2017c) and has been 

reviewed and revised based on information obtained from the DSI and subsequent assessment 

(GHD 2018). The CSM is summarised in Section 5, including the complete exposure pathways 

that require further assessment as part of this HHRA.  

7.3 Modelled scenarios 

The exposure scenarios that have been evaluated are listed in Table 10. The detailed modelling 

calculations are attached in Appendix A. The exposure calculations and assumptions are 

presented in Sections 7.4 (equations), 7.5 (exposure parameters), and 7.6 (source 

concentrations). 

Table 10 Modelled exposure scenarios 

Sources Receptors Exposure routes 

Soil (Source area A, B, C, D, 

childcare) 

Site workers (A1) 
Incidental ingestion, Dermal 

(skin), Dust inhalation 

Intrusive maintenance 

workers (A2) 

Incidental ingestion, Dermal 

(skin), Dust inhalation 

Children (childcare) (A3) 
Incidental ingestion, Dermal 

(skin), Dust inhalation 

On-site surface water, 

drainage channels 

Site maintenance workers 

(A4) 

Incidental ingestion, Dermal 

(skin) 

On-site perched groundwater 
Intrusive maintenance 

workers (A5) 

Incidental ingestion, Dermal 

(skin) 

Groundwater (residential 

wells) 

Residents (adults and 

children) 

Drinking (oral) (A6) 

Showering (aerosol 

ingestion/inhalation, dermal) 

(A7) 

Irrigation spraying (aerosol 

ingestion/inhalation, dermal) 

(A8) 

Swimming pool (oral, dermal) 

(A9) 
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Sources Receptors Exposure routes 

Offsite Surface water 
Residents (adults and 

children) 

Primary Contact Recreation 

– swimming/fishing (oral, 

dermal) (A10) 

Food consumption 

(freshwater food, 

crustaceans from brooks ) 

Residents (adults and 

children) 
Ingestion (A11) 

Food consumption (eggs) 
Residents (adults and 

children) 
Ingestion (A12) 

Food consumption (fruit and 

vegetables) 

Residents (adults and 

children) 
Ingestion (A13) 

Notes: (Axx) indicates scenario number in Appendix A 

Some additional comments that relate to the modelled scenarios are described in the following 

sections. 

7.3.1 Site workers, soil 

Full time base workers for Defence and contractors may be exposed to contaminated soil, 

particularly surface soils. Exposure may occur through incidental ingestion, skin contact and 

dust inhalation.  

7.3.2 Intrusive maintenance workers, soil and perched groundwater 

Intrusive (or sub-surface) maintenance workers may be exposed to contaminants in surface and 

sub-surface soils (generally down to 1.5 m bgl) during activities that involve shallow 

excavations. Given the shallow depth of groundwater in some locations on the Site (i.e. as 

perched groundwater), groundwater may be intercepted resulting in direct contact with and 

incidental ingestion of groundwater. 

A typical exposure frequency of 20 days per year has been adopted to represent exposure to 

utility maintenance workers, and an upper exposure frequency of 60 days has been considered 

to represent exposure during longer utility maintenance programs or sub-surface construction 

scenarios. 

7.3.3 Childcare centre 

Children at the childcare may be exposed to contaminated soil, particularly surface soils. 

Exposure may occur through incidental ingestion, skin contact and dust inhalation. It is assumed 

that no produce is grown and consumed at the childcare centre. 

As children have a lower body weight than adults and engage in more hand to mouth activities, 

the estimated health risk for children would be higher than to adult childcare workers, and hence 

adult workers at the childcare centre have not been separately assessed. 

7.3.4 Site maintenance workers, on site drainage 

Site workers and intrusive maintenance workers may be exposed to surface waters in the Site 

drainage channels. For both receptors this exposure is only likely to occur if work is required 

within the channels and it is anticipated that this would occur intermittently. Therefore, it is 

assumed that both Site and intrusive maintenance workers will be similarly exposed and that 

one exposure scenario is sufficient to assess both receptors. 
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A typical exposure frequency of 20 days per year has been adopted to represent exposure to 

workers conducting intermittent drainage channel maintenance, and an upper exposure 

frequency of 60 days has been considered to represent exposure during a longer drainage 

channel maintenance program. 

7.3.5 Residents, groundwater extraction and primary contact recreation 

Residents may be exposed to impacted groundwater through abstraction and subsequent 

drinking, showering/bathing, irrigation and use of groundwater in swimming pools.  

Drinking 

Residents in West Bullsbrook do not have connection to town municipal water supply and rely 

on groundwater for drinking. Groundwater samples collected from a number of bores at these 

residential properties contain PFOS plus PFHxS at concentrations exceeding the NEMP 

drinking water guideline value of 0.07 µg/L.  

Showering/bathing 

PFAS is not volatile though can be inhaled or ingested via aerosol when sprayed. An estimate 

of intake through aerosol is presented in Section 7.5.1. A typical exposure scenario is 

considered to comprise one shower or bath per day while the upper exposure scenario is 

assumed to be comprise two showers or baths per day. 

For young children, it has been assumed that no aerosol exposure occurs under the typical 

exposure scenario, as it is assumed that children would use baths and not shower. However, 

exposure to children via aerosol (i.e. from showering) has been considered under the upper 

exposure scenario.  

Irrigation/gardening 

Exposure to groundwater may occur when spraying hoses or using sprinklers during gardening 

or recreational activities. Exposure may occur via incidental ingestion, skin contact or aerosol 

inhalation.  

It is assumed that children will play under sprinklers and their total body will become wet. For 

typical exposure, it is assumed that this happens once per week, while the upper exposure 

scenario frequency is based on the number of days that the temperature exceeds 30oC per year 

(in this case, 120 days) (BOM, 2018). 

For adults it is assumed that exposure occurs through gardening activities and pet care (bathing 

domestic animals). It is assumed that exposure occurs one day per week under the typical 

exposure scenario and two days per week for the upper exposure scenario. Under the typical 

exposure scenario, the affected skin area is assumed to be the arms, lower legs, hands and 

face. Under the upper exposure scenario, total body exposure has been considered whereby an 

adult gets saturated under the sprinkler or hose like a child. 

Swimming 

Residents may swim in their private swimming pools that have been filled with groundwater or 

swim in the local Brooks. It has been assumed that 75% of swimming activities is within private 

pools while 25% of swimming activity occurs within the nearby Brooks. 

7.3.6 Residents, food consumption 

Food consumption has been estimated for consumption of freshwater food, domestic chicken 

eggs and fruit and vegetables. 
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Freshwater food  

Assessment of risk associated with consuming freshwater food caught in the local Brooks has 

been limited to crustaceans (yabbies and gilgies), as the local fish are too small (10 cm) for 

consumption.  

The typical exposure scenario for freshwater food consumption rate is based on 5% of the mean 

population dietary consumption rates of crustaceans (FSANZ, 2017b). This is equivalent to 

consuming 150 g of crustacean meat 3 times a year or once every four months. While it is 

possible that individuals living near the Brooks could catch and consume crustaceans at a 

greater frequency, only six water use survey respondents indicated that they use the local 

Brooks for recreation. GHD made follow-up enquires with four of these six respondents (two 

could not be contacted) and understands that only one respondent has caught and consumed 

crustaceans from the Brooks, though has not done so for over 20 years. For the upper exposure 

scenario, an ingestion rate of 20% of the mean population dietary crustacean consumption rate 

has been adopted (equivalent to consuming 150 g of crustacean meat 12 times a year). 

Chicken eggs 

A number of residents have domestic chickens and consume chicken eggs. The highest 

concentration of PFAS reported in egg samples was used in the risk estimates. Only two of the 

ten egg samples reported PFAS concentrations greater than the LOR. Only the egg yolk was 

tested as numerous studies have demonstrated that nearly all PFAS in eggs are in the yolk and 

not in the egg white. Given access to eggs from domestic poultry, a conservative consumption 

rate of two eggs per day for adults (120 g total egg) and 1 egg per day (60 g total egg) for 

children was adopted for the upper exposure scenario. This is compared to the dietary 90th 

percentile population consumption rate of 59 g and 36 g for adults and children respectively 

(FSANZ, 2017b), i.e. around double the amount of consumption. A consumption rate of 

approximately half of this was assumed for the typical exposure scenario. 

Consumption of meat was reported by only two residents surveyed, One resident specified that 

they consumed chicken meat, while the other did not specify the type of meat consumed. Given 

the uncertainty involved with modelling uptake rates in chicken meat (and uncertainty about the 

type of meat consumed by the other resident), this exposure pathway has not been included in 

the risk estimation. For further information refer to Section 8.4.5. 

Fruit and vegetables 

Analysis of available home-grown produce did not detect any PFAS at concentrations greater 

than the LOR (1 µg/kg for PFOS and PFOA). As discussed in Section 6.5, the background 

exposure assessment has allowed for 10% ingestion of home-grown fruit and vegetables as per 

the assumptions in the NEPM (NEPC 2013) for the Health Investigation Level A (low density 

residential land use scenario), with an assumed PFOS plus PFHxS concentration equal to the 

LOR (i.e. 2 µg/L). This approach was considered appropriate and is discussed further in Section 

8.4.4.  

7.3.7 Military training exercises 

GHD understands that military training exercises are sometimes undertaken at the Site. In this 

regard, the Base Squadron Leader has provided the following information: 

 Prior to 2006, Defence personnel would conduct ground-based training exercises 

approximately three or four times a year. Since 2006, this type of training is limited to 

more specialist personnel, who are fewer in number.  

 Of the three or four training events a year, two might occur during wetter periods, when 

there would be water in the Site drains or Brooks. 
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 If personnel encountered water in a drain or Brook, they would most likely try to avoid it 

(jump over or go around it), or only spend a matter of seconds in the water. It is unlikely 

they would have waded through the water or spent more than a minute or so in the water. 

Based on the information above, the modelled exposure scenarios for intrusive maintenance 

workers and Site workers are considered to be more conservative than exposure occurring 

during military training activities. Therefore, this group of receptors has not been considered 

further. 

7.4 Exposure estimation 

The exposure parameters and their basis are summarised in Section 7.5. The selection of the 

various exposure parameters are based on the recommendations of the NEPM (NEPC 2013) 

and EnHealth (2012) Guidelines for assessing human health risks from environmental hazards. 

The model outputs are presented in Appendix A. The equations used in the models are 

described below.  

7.4.1 Exposure to soil and dust 

Oral Ingestion (Soil) 

𝐶𝐷𝐼 =
𝐶𝑠 × 𝐴𝑜𝐹 × 𝐼𝐺𝑅𝑠 × 𝐸𝐹 × 𝐸𝐷 × 𝐶𝐹

365 × 𝐴𝑇 × 𝐵𝑊
 

Dermal Contact (Soil) 

𝐶𝐷𝐼 =
𝐶𝑠 × 𝐴𝐻 × 𝑆𝐴 × 𝐴𝐹 × 𝐸𝐹 × 𝐶𝐹

365 × 𝐴𝑇 × 𝐵𝑊
 

Inhalation of dust (z =i (indoor) or o (outdoor)) 

𝐶𝐷𝐼 =
𝐶𝑠 × 𝐼𝑅𝑧 × 𝐿𝑅 × 𝐸𝑇𝑧 × 𝐸𝐹 × 𝐸𝐷

365 × 𝐴𝑇 × 𝐵𝑊 × 𝑃𝐸𝐹𝑧
 

where: Cs = chemical concentration in soil (mg/kg) 

  EF = exposure frequency (d/yr) 

  365 = number of days in a year 

  ED = exposure duration (yr) 

  ETz = exposure time (indoor or outdoor) (hr/d) 

  LR = lung retention factor for dust (-) 

  IRz = inhalation rate (dust only) (indoor or outdoor) (m3/h) 

  IGRs = soil incidental ingestion rate (mg/d) 

  AH = soil adherence (mg/cm2/d) 

  SA = surface area of exposed skin (cm2) 

  AF = skin absorption factor (-) 

  AoF = oral absorption factor (-) 

  CF = conversion factor (10-6 kg/mg oral & dermal) 

  BW = body weight (kg) 

  PEFz = particle emission factor (indoor or outdoor) (m3/kg) 

AT = averaging time (yr) = ED for threshold chemicals like PFAS 
 

The exposure model (presented in Appendix A) for direct contact with soil uses the model 

developed by CRC CARE for petroleum hydrocarbons, which can be used for any chemical with 

appropriate input parameters. However the equation used to estimate inhalation exposure to 

dust (shown above) is based on the USEPA 1989 Risk Assessment Guidelines for Superfund 

Part A (RAGS-A) equation which predates the equation used in the NEPM 2013. The Equations 
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in the NEPM are based on the inhalation dosimetry method described by USEPA (2009) Risk 

Assessment Guidance for Superfund Part F (RAGS-F) where inhalation exposure is not 

adjusted for inhalation rate or body weight. Therefore, the equation above would result in an 

equivalent or more conservative result than the NEPM equations, especially for a child receptor 

whose body weight is significantly lower than an adult's and increases the intake per body 

weight when compared to an adult receptor. 

7.4.2 Exposure through drinking water 

Ingestion (water) 

𝐶𝐷𝐼 =
𝐶𝑤 × 𝐼𝑊𝑅 × 𝐸𝐹 × 𝐸𝐷 × 𝐶𝐹

365 × 𝐴𝑇 × 𝐵𝑊
 

where: CDI = chronic daily intake (mg/kg/d) 

  Cw = water concentration (µg/L) 

  IWR = water ingestion rate (l/d) 

  CF = 0.001 mg/µg 

  EF = exposure frequency (d/yr) 

  365 = number of days in a year 

  PC = permeability constant [chemical specific] (cm/h) 

  SA = surface area of exposed skin (cm2) 

  CF = conversion factor (10-3 L/cm3) 

  ED = exposure duration (yr) 

AT = averaging time (yr) = ED for threshold chemicals like PFAS 

7.4.3 Exposure to aerosol during shower / irrigation sprinkler 

Inhalation / Ingestion (aerosol) 

𝐶𝐷𝐼 =
𝐶𝑤 × 𝐷𝐼𝑅 × 𝐸𝑇 × 𝐸𝐹 × 𝐸𝐷 × 𝐶𝐹

365 × 𝐴𝑇 × 𝐵𝑊 × 𝜌
 

where: CDI = chronic daily intake (mg/kg/d) 

  Cw = water (nozzle) concentration (µg/L) 

  DIR = water/aerosol deposition intake rate (mg/hr) 

  CF = 10-9 kg/µg 

   = Density of water (= 1 kg/L) 

  ET = event time (hr/event) 

  EF = event frequency (events/yr) 

  365 = number of days in a year 

  ED = exposure duration (yr) 

AT = averaging time (yr) = ED for threshold chemicals like PFAS 
 

Dermal Contact (water) 

𝐶𝐷𝐼 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡 × 𝑆𝐴 × 𝐸𝐹 × 𝐸𝐷

365 × 𝐴𝑇 × 𝐵𝑊
 

𝐷𝐴𝑒𝑣𝑒𝑛𝑡 = 𝐶𝑤 × 𝐾𝑝 × 𝐸𝑇 × 𝐶𝐹 

where: CDI = chronic daily intake (mg/kg/d) 

  DAevent = Dermal absorption per event (mg/cm2.event) 

  Cw = water concentration (µg/L) 

  SA = surface area of exposed skin (cm2) 

  EF = event frequency (events/yr) 
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  365 = number of days in a year 

  Kp = permeability constant [chemical specific] (cm/h) 

  CF = conversion factor (10-6 mg.L/µg.cm3) 

  ET = Event time (hr/event) 

  ED = exposure duration (yr) 

AT = averaging time (yr) = ED for threshold chemicals like PFAS 

 

The equation for DAevent above is relevant to inorganics and/or 'highly ionized' organics, but not 

to typical organics (USEPA, 2004). PFAS compounds are a unique group of organic compounds 

where the hydrophilic end group can be neutral, positively charged or negatively charged. 

Examples of anionic end groups are the sulfonates (-SO3-), which include PFOS, the 

carboxylates (-COO-) which include PFOA, and the phosphates (-OPO3-). In cationic PFAS, the 

fluorinated hydrophobic part is attached to a quaternary ammonium group. As such, these 

PFAS are likely to be ionised in water, particularly in neutral pH.  

7.4.4 Exposure to water during swimming 

Ingestion (water) 

𝐶𝐷𝐼 =
𝐶𝑤 × 𝐼𝑊𝑅 × 𝐸𝐹 × 𝐸𝐷 × 𝐶𝐹

365 × 𝐴𝑇 × 𝐵𝑊
 

where: CDI = chronic daily intake (mg/kg/d) 

  Cw = water concentration (µg/L) 

  IWR = water ingestion rate (l/d) 

  CF = 0.001 mg/µg 

  EF = exposure frequency (d/yr) 

  365 = number of days in a year 

  PC = permeability constant [chemical specific] (cm/h) 

  SA = surface area of exposed skin (cm2) 

  CF = conversion factor (10-3 L/cm3) 

  ED = exposure duration (yr) 

AT = averaging time (yr) = ED for threshold chemicals like PFAS 
 

Dermal Contact (water) 

𝐶𝐷𝐼 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡 × 𝑆𝐴 × 𝐸𝐹 × 𝐸𝐷

365 × 𝐴𝑇 × 𝐵𝑊
 

𝐷𝐴𝑒𝑣𝑒𝑛𝑡 = 𝐶𝑤 × 𝐾𝑝 × 𝐸𝑇 × 𝐶𝐹 

where: CDI = chronic daily intake (mg/kg/d) 

  DAevent = Dermal absorption per event (mg/cm2.event) 

  Cw = water concentration (µg/L) 

  SA = surface area of exposed skin (cm2) 

  EF = event frequency (events/yr) 

  365 = number of days in a year 

  Kp = permeability constant [chemical specific] (cm/h) 

  CF = conversion factor (10-6 mg.L/µg.cm3) 

  ET = Event time (hr/event) 

  ED = exposure duration (yr) 

AT = averaging time (yr) = ED for threshold chemicals like PFAS 
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Refer to Section 7.4.3 on discussion of DAevent for PFAS chemicals. 

7.4.5 Exposure through food consumption 

Ingestion (food) 

𝐶𝐷𝐼 =
𝐶𝐹 × 𝐼𝐹𝑅 × 𝐸𝐹 × 𝐸𝐷 × 𝐶𝐹

365 × 𝐴𝑇 × 𝐵𝑊
 

where: CDI = chronic daily intake (mg/kg/d) 

  CF = contaminant concentration in food (mg/kg) (wet basis) 

  IFR = food ingestion rate (g/d) (wet basis) 

  CF = 0.001 kg/g 

  EF = exposure frequency (d/yr) 

  365 = number of days in a year 

  ED = exposure duration (yr) 

AT = averaging time (yr) = ED for threshold chemicals like PFAS 

7.5 Exposure parameters 

The exposure input parameters defined in Section 7.4 are listed below for the identified 

receptors that could be exposed to PFAS in the environment (as defined in Table 10). 

For each exposure scenario, a typical exposure scenario (T) and upper exposure scenario (U) 

has been modelled to provide a range of risk estimates to represent likely and worst case 

scenarios. Tables below are denoted with T and U to represent the typical and upper exposure 

scenario parameters. 

Table 11 Exposure parameters, soil exposure, base workers 

Parameter Symbol Units Value Comment / Reference 

Exposure 
frequency 

EF d/yr T: 240 NEPC 2013 (Commercial) 

U: 240 NEPC 2013 (Commercial) 

Exposure 
duration 

ED yrs T: 30 NEPC 2013 (Commercial) 

U: 30 NEPC 2013 (Commercial) 

Exposure time 
- indoors 

ETi hrs/d T: 7 NEPC 2013 (Commercial, 8 hour total), 
Assumed most working day spent indoors, 
with some work time spent outdoors. 

U: 10 Total hours based on 12 hour shift. Assumed 
most working day spent indoors, with some 
work time spent outdoors. 

Exposure time 
- outdoors 

ETo hrs/d T: 1 NEPC 2013 (Commercial, 8 hour total), 
Assumed most working day spent indoors, 
with some work time spent outdoors. 

U: 2 Total hours based on 12 hour shift. Assumed 
most working day spent indoors, with some 
work time spent outdoors. 

Body Weight BW kg T: 78 Average weight of male and female adults 
(EnHealth, 2012) 

U: 70 Lifetime average weight of male and female 
adults (NEPC 2013) 
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Parameter Symbol Units Value Comment / Reference 

Soil ingestion 
rate 

IGRs mg/d T: 25 NEPC 2013 (Commercial) 

U: 50 The upper estimate is the central tendency for 
outside soils, per enHealth (2012). 

Inhalation rate IR m3/h T: 1.1 enHealth 2012b, 26.3 m3/day light 
occupational activity 

U: 1.5 Moderate occupational activity values selected 
for upper exposure scenarios (EnHealth, 
2012) 

Soil 
adherence 

AH mg/ 
cm2/d 

T: 0.5 NEPC 2013 (Commercial) 

U: 0.9 Value for commercial/industrial adult utility 
workers per enHealth (2012) 

Skin area SA cm2 T: 
3800 

NEPC 2013 (Commercial) 

U: 
4560 

19% of skin assumed to be exposed, based 
on upper tendencies of surface area 
(EnHealth, 2012) 

Lung retention 
factor (dust) 

LR - T: 
0.375 

NEPC 2013 (Commercial) 

U: 
0.375 

NEPC 2013 (Commercial) 

Particle 
Emission 
Factor - 
indoor 

PEFi m3/kg T:  
2.6 x 
107 

Refer to Equation 21 in Appendix B of 
Schedule B7. 

U:  
2.6 x 
107 

Refer to Equation 21 in Appendix B of 
Schedule B7. 

Particle 
Emission 
Factor - 
outdoor 

PEFo m3/kg T:  
3.7 x 
1010 

Refer to Equation 21 in Appendix B of 
Schedule B7. 

U:  
3.7 x 
1010 

Refer to Equation 21 in Appendix B of 
Schedule B7. 

Averaging 
time 

AT yrs T: 30 Threshold chemical, equal to ED 

U: 30 Threshold chemical, equal to ED 

Table 12 Exposure parameters, soil exposure, intrusive maintenance 

workers 

Parameter Symbol Units Value Comment / Reference 

Exposure 
frequency 

EF d/yr T: 20 Assume 4 weeks per year 

U: 60 Upper estimate assumes works occur over 
12 weeks per year 

Exposure 
duration 

ED yrs T: 30 NEPC 2013 (Commercial) 

U: 30 NEPC 2013 (Commercial) 

Exposure time ETo hrs/d T: 8 NEPC 2013 (Commercial) 

U: 10 reasonable maximum of 10 total work hours 
spent outdoors 

Body Weight BW kg T: 78 Average weight of male and female adults 
(EnHealth, 2012) 
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Parameter Symbol Units Value Comment / Reference 

U: 70 Lifetime average weight of male and female 
adults (NEPC 2013) 

Soil ingestion 
rate 

IGRs mg/d T: 100 Typical value is the soil ingestion rate 
derived for a commercial/industrial 
exposure scenario for outdoor workers 
(EnHealth, 2012) 

U: 330 The upper estimate is the soil ingestion rate 
derived for a construction worker (USEPA 
2002) 

Inhalation rate IR m3/h T: 1.5 Moderate occupational activity values 
selected for typical exposure scenario 
(EnHealth, 2012) 

U: 2.1 Langley and Sobardo (1996, Table 29), 35 
L/min for moderate level of work 

Soil 
adherence 

AH mg/ 
cm2/d 

T: 0.5 Recommended value for industrial worker 
(NEPC, 2013) 

U: 1.7 enHealth 2012b, 95th percentile from the 
Australian exposure factors document 

Skin area SA cm2 T: 6800 enHealth 2012b, hands, forearms, lower 
legs and face 

U: 7600 enHealth 2012b, hands, forearms, lower 
legs and face (upper tendency) 

Lung retention 
factor (dust) 

LR - T: 0.375 NEPC 2013 (Commercial) 

U: 0.375 NEPC 2013 (Commercial) 

Particle 
Emission 
Factor 

PEFo m3/kg T:  
2.6 x 105 

Value is based on NEPC 2013 
(Commercial) with a factor of 0.01 applied 
to increase dust generation rate by a factor 
of 100. 

U:  
2.6 x 105 

Value is based on NEPC 2013 
(Commercial) with a factor of 0.01 applied 
to increase dust generation rate by a factor 
of 100. 

Averaging 
time 

AT yrs T: 30 Threshold chemical, equal to ED 

U: 30 Threshold chemical, equal to ED 

Table 13 Exposure parameters, soil exposure, child care, children 

Parameter Symbol Units Value Comment / Reference 

Exposure 
frequency 

EF d/yr T: 240 Assumed children cared for at the childcare 
centre each working day for the year for the 
typical estimate, and daily for the upper 
estimate. 

U: 365 

Exposure 
duration 

ED yrs T: 6 NEPC 2013 (Residential) 

U: 6 NEPC 2013 (Residential) 

Exposure time 
– indoors 

ETi hrs/d T: 6 It is assumed that children spend eight 
hours per day at the childcare centre for the 
typical estimate, and up to twelve hours per 
day for the upper estimate. It is assumed 
that two to three hours of each day will be 
spent outside. 

U: 9 

Exposure time 
- outdoors 

ETo hrs/d T: 2 

U: 3 

Body Weight BW kg T: 17 95th percentile value for 2-3 year old males 
and females combined (EnHealth, 2012) 
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Parameter Symbol Units Value Comment / Reference 

U: 15 NEPC 2013 (Residential), Average weight 
of 2-3 year old (EnHealth, 2012) 

Soil ingestion 
rate 

IGRs mg/d T: 50 Recommended values for typical exposures 
for children per enHealth (2012). 

U: 100 Recommended values for upper exposures 
for children per enHealth (2012). 

Soil 
adherence 

AH mg/ 
cm2/d 

T: 0.5 Recommended value for industrial worker 
(NEPC, 2013) 

U: 1.7 enHealth 2012b, 95th percentile from the 
Australian exposure factors document 

Inhalation rate IR m3/h T: 0.416 Average and 95th percentile inhalation rates 
for children aged 2-3. (EnHealth, 2012) 

U: 0.663 

Skin area SA cm2 T: 2700 enHealth (2012; Section 3.2.4) recommend 
half legs & arms, total hands, feet and head U: 3100 

Lung retention 
factor (dust) 

LR - T: 0.375 NEPC 2013 (Residential) 

U: 0.375 NEPC 2013 (Residential) 

Particle 
Emission 
Factor – 
indoors 

PEFi m3/kg T:  
2.6 x 107 

Refer to Appendix B and Section 5.3.3.1 of 
Schedule B7. Value for low density 
dwellings selected. 

NEPC 2013 (Residential) 
U:  
2.6 x 107 

Particle 
Emission 
Factor - 
outdoors 

PEFo m3/kg T:  
2.9 x 1010 

U:  
2.9 x 1010 

Averaging 
time 

AT yrs T: 6 Threshold chemical, equal to ED 

U: 6 Threshold chemical, equal to ED 

Table 14 Exposure parameters, onsite surface water, onsite perched 

groundwater and maintenance workers 

Parameter Symbol Units Value Comment / Reference 

Event 
frequency 

EF d/yr T: 20 Assume 4 weeks per year for maintenance 
work in drains 

U: 60 Assume 12 weeks per year for construction 
activities 

Exposure 
duration 

ED yrs T: 30 NEPC 2013 (Commercial) 

U: 30 NEPC 2013 (Commercial) 

Body Weight BW kg T: 78 Average weight of male and female adults 
(EnHealth, 2012) 

U: 70 Lifetime average weight of male and female 
adults (NEPC 2013) 

Event Time ET hrs/ 
event 

T: 2 Assume 2 hour within water per working day 

U: 4 Assume 4 hours within water per working 
day 

Incidental 
ingestion 

IWRs L/d T: 0.01 Half a mouthful of water incidental ingestion, 
10 ml 

U: 0.02 Full mouthful of water incidental ingestion, 
20 ml 
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Parameter Symbol Units Value Comment / Reference 

Skin area SA cm2 T: 6800 enHealth 2012b, hands, forearms, lower 
legs and face 

U: 20,000 Assumes total body immersed activities 
(EnHealth, 2012) 

Skin 
Permeability 
constant 

K cm/h 4.4 x 10-5 Refer to Section 7.5.2. 

Averaging 
time 

AT yrs T: 30 Threshold chemical, equal to ED 

U: 30 Threshold chemical, equal to ED 

Table 15 Exposure parameters, residential, drinking water, adults 

Parameter Symbol Units Value Comment / Reference 

Exposure 
frequency 

EF d/yr T: 365 NEPC 2013 (Residential) 

U: 365 NEPC 2013 (Residential) 

Exposure 
duration 

ED yrs T: 4 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 29 Threshold chemical (NEPC, 2013) 

Body Weight BW kg T: 78 Average weight of male and female adults 
(EnHealth, 2012) 

U: 70 Lifetime average weight of male and female 
adults (NEPC 2013) 

Water 
ingestion rate 

IWRs L/d T: 2 Lifetime average daily intake (EnHealth, 
2012) 

U: 2.8 Recommended 95th percentile value for 
adults (EnHealth, 2012) 

Averaging 
time 

AT yrs T: 4 Threshold chemical, equal to ED 

U: 29 Threshold chemical, equal to ED 

Table 16 Exposure parameters, residential, drinking water, child 

Parameter Symbol Units Value Comment / Reference 

Exposure 
frequency 

EF d/yr T: 365 NEPC 2013 (Residential) 

U: 365 NEPC 2013 (Residential) 

Exposure 
duration 

ED yrs T: 6 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 6 NEPC 2013 (Residential) 

Body Weight BW kg T: 17 95th percentile value for 2-3 year old males 
and females combined (EnHealth, 2012) 

U: 15 NEPC 2013 (Residential), Average weight of 
2-3 year old (EnHealth, 2012) 

Water 
ingestion rate 

IWRs L/d T: 0.4 Recommended mean value for children 2-3 
years (EnHealth, 2012) 

U: 0.9 Recommended 95th percentile value for 
children 2-3 years (EnHealth, 2012) 

Averaging 
time 

AT yrs T: 6 Threshold chemical, equal to ED 

U: 6 Threshold chemical, equal to ED 
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Table 17 Exposure parameters, residential, showering, adults 

Parameter Symbol Units Value Comment / Reference 

Event 
frequency 

EF d/yr T: 365 NEPC 2013 (Residential) 

U: 365 NEPC 2013 (Residential) 

Exposure 
duration 

ED yrs T: 4 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 29 Threshold chemical (NEPC, 2013) 

Body Weight BW kg T: 78 Average weight of male and female adults 
(EnHealth, 2012) 

U: 70 Lifetime average weight of male and female 
adults (NEPC 2013) 

Event Time ET hrs/ 
event 

T: 0.13 8 minutes per shower, average exposure, 
Australian Exposure Handbook (enHealth, 
2012) 

U: 0.267 16 minutes per shower, 95th percentile, 
Australian Exposure Handbook (enHealth, 
2012), Table 3.5.4. 

Deposition 
Intake Rate 

DIR mg/hr T: 62.6 Zhou Y., et al (2007), Inhalation/oral dose of 
shower water, based on medium and high 
measured flowrate for hot water, converted 
from 10 minute to 1 hour basis (Refer to 
Section 7.5.1). 

U: 75.3 

Incidental 
ingestion 

IWRs L/d T: 0.01 Half a mouthful of water incidental ingestion, 
10 ml 

U: 0.02 Full mouthful of water incidental ingestion, 
20 ml 

Skin area SA cm2 T: 20,000 Total body, EnHealth 2012b (exposure 
handbook) 

U: 24,000 Upper value, Total body, EnHealth 2012 
(exposure handbook) 

Skin 
Permeability 
constant 

K cm/h 4.4 x 10-5 Refer to Section 7.5.2. 

Averaging 
time 

AT yrs T: 4 Threshold chemical, equal to ED 

U: 29 Threshold chemical, equal to ED 

Table 18 Exposure parameters, residential, showering, child 

Parameter Symbol Units Value Comment / Reference 

Event 
frequency 

EF d/yr T: 365 NEPC 2013 (Residential) 

U: 365 NEPC 2013 (Residential) 

Exposure 
duration 

ED yrs T: 6 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 6 NEPC 2013 (Residential) 

Body Weight BW kg T: 17 95th percentile value for 2-3 year old males 
and females combined (EnHealth, 2012) 

U: 15 NEPC 2013 (Residential), Average weight of 
2-3 year old (EnHealth, 2012) 

Event Time ET hrs/ 
event 

T: 0.13 8 minutes per shower, average exposure, 
Australian Exposure Handbook (enHealth, 
2012) 

U: 0.35 21 minutes per bath, 95th percentile 
(EnHealth, 2012) 
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Parameter Symbol Units Value Comment / Reference 

Deposition 
Intake Rate 

DIR mg/hr T: 0 Typical exposure based on bath, not shower 
for 2-3 year old. 

U: 75.3 Zhou Y., et al (2007), Inhalation/oral dose of 
shower water, based on medium and high 
measured flowrate for hot water, converted 
from 10 minute to 1 hour basis (Refer to 
Section 7.5.1). 

Incidental 
ingestion 

IWRs L/d T: 0.015 Mouthful of water incidental ingestion, 15 ml 

U: 0.03 Upper value, 2 mouthful of water 

Skin area SA cm2 T: 6100 Total body, EnHealth 2012b (exposure 
handbook) 

U: 7000 Upper value Total body, EnHealth 2012 
(exposure handbook) 

Skin 
Permeability 
constant 

K cm/h 4.4 x 10-5 Refer to Section 7.5.2. 

Averaging 
time 

AT yrs T: 6 Threshold chemical, equal to ED 

U: 6 Threshold chemical, equal to ED 

Table 19 Exposure parameters, residential, swimming, adults 

Parameter Symbol Units Value Comment / Reference 

Event 
frequency 

EF d/yr T: 52 Medium estimate for days swimming is 52 
(EnHealth, 2012) days/year, assuming 3/4 at 
home pool and 1/4 occur in nearby brook 

U: 150 Upper estimate for days swimming is 150 
days/year, assuming 3/4 at home pool and 
1/4 occur in nearby brook 

Exposure 
duration 

ED yrs T: 4 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 29 Threshold chemical (NEPC, 2013) 

Body Weight BW kg T: 78 Average weight of male and female adults 
(EnHealth, 2012) 

U: 70 Lifetime average weight of male and female 
adults (NEPC 2013) 

Event Time ET hrs/ 
event 

T: 0.5 General population during swimming, 
Australian Exposure Handbook (enHealth, 
2012), Table 6.2.15 

U: 1.5 General population during swimming, 
Australian Exposure Handbook (enHealth, 
2012), Table 6.2.15 

Water 
ingestion rate 

IWRs L/hr T: 0.025 EnHealth (2012) average estimate 

U: 0.125 EnHealth (2012) upper bound estimate 

Skin area SA cm2 T: 20,000 Total body, Australian Exposure Handbook 
(enHealth, 2012) 

U: 24,000 Upper value, Total body, EnHealth 2012 
(exposure handbook) 

Skin 
Permeability 
constant 

K cm/h 4.4 x 10-5 Refer to Section 7.5.2. 
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Parameter Symbol Units Value Comment / Reference 

Averaging 
time 

AT yrs T: 4 Threshold chemical, equal to ED 

U: 29 Threshold chemical, equal to ED 

Table 20 Exposure parameters, residential, swimming, child 

Parameter Symbol Units Value Comment / Reference 

Event 
frequency 

EF d/yr T: 46 Typical estimate based on time per year 
spent swimming by children aged 2-3 and 3-
5 years (23 hrs/y). It is assumed event is 
0.5hr. It is assumed that 3/4 of swimming 
activities occur in a swimming pool and 1/4 
occur in local brooks. 

U: 54 Upper estimate based on time per year 
spent swimming by children aged 2-3 and 3-
5 years (27 hrs/y). It is assumed event is 
0.5hr. It is assumed that 3/4 of swimming 
activities occur in a swimming pool and 1/4 
occur in local brooks. 

 

Exposure 
duration 

ED yrs T: 6 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 6 NEPC 2013 (Residential) 

Body Weight BW kg T: 17 95th percentile value for 2-3 year old males 
and females combined (EnHealth, 2012) 

U: 15 NEPC 2013 (Residential), Average weight 
of 2-3 year old (EnHealth, 2012) 

Event Time ET hrs/ 
event 

T: 0.5 Assume young children exposure only 
occurs during adult swim 

U: 0.5 Assume young children exposure only 
occurs during adult swim 

Water 
ingestion rate 

IWRs L/hr T: 0.05 EnHealth (2012) average estimate 

U: 0.15 EnHealth (2012) upper bound estimate 

Skin area SA cm2 T: 6100 Total body, EnHealth 2012b (exposure 
handbook) 

U: 7000 Upper value Total body, EnHealth 2012 
(exposure handbook) 

Skin 
Permeability 
constant 

K cm/h 4.4 x 10-5 Refer to Section 7.5.2. 

Averaging 
time 

AT yrs T: 6 Threshold chemical, equal to ED 

U: 6 Threshold chemical, equal to ED 
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Table 21 Exposure parameters, residential, irrigation/sprinkler, adults 

Parameter Symbol Units Value Comment / Reference 

Event 
frequency 

EF d/yr T: 52 Typical gardening activities one per week 

U: 104 Based on water/gardening activities twice 
per week 

Exposure 
duration 

ED yrs T: 4 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 29 Threshold chemical (NEPC, 2013) 

Body Weight BW kg T: 78 Average weight of male and female adults 
(EnHealth, 2012) 

U: 70 Lifetime average weight of male and female 
adults (NEPC 2013) 

Event Time ET hrs/ 
event 

T: 0.367 Typical estimate based on time spent on 
grounds and animal care (EnHealth, 2012) 

U: 1.1 Upper estimate based on time spent on 
grounds and animal care (EnHealth, 2012) 

Deposition 
Intake Rate 

DIR mg/hr T: 62.6 Zhou Y., et al (2007), Inhalation/oral dose of 
shower water, based on medium and high 
measured flowrate for hot water, converted 
from 10 minute to 1 hour basis (Refer to 
Section 7.5.1). 

U: 75.3 

Incidental 
ingestion 

IWRs L/d T: 0.01 Half a mouthful of water incidental ingestion, 
10 ml 

U: 0.02 Mouthful of water incidental ingestion, 20 ml 
approximate volume of adult mouth 

Skin area SA cm2 T: 6300 31.5% exposed of total body area typical of 
clothing during gardening activities, 
EnHealth 2012b (exposure handbook), 
NEPC (2013). 

U: 24000 Upper value, Total body, EnHealth 2012 
(exposure handbook) 

Skin 
Permeability 
constant 

K cm/h 4.4 x 10-5 Refer to Section 7.5.2. 

Averaging 
time 

AT yrs T: 4 Threshold chemical, equal to ED 

U: 29 Threshold chemical, equal to ED 

Table 22 Exposure parameters, residential, irrigation/sprinkler, child 

Parameter Symbol Units Value Comment / Reference 

Event 
frequency 

EF d/yr T: 52 Play in sprinkler once per week 

U: 120 Based on meteorological data (BOM weather 
station No 009053, Pearce RAAF Base) 
where the number of days the temperature 
exceeds 30C per year on average (BOM, 
2018). 

Exposure 
duration 

ED yrs T: 6 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 6 NEPC 2013 (Residential) 

Body Weight BW kg T: 17 95th percentile value for 2-3 year old males 
and females combined (EnHealth, 2012) 
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Parameter Symbol Units Value Comment / Reference 

U: 15 NEPC 2013 (Residential), Average weight of 
2-3 year old (EnHealth, 2012) 

Event Time ET hrs/ 
event 

T: 0.5 Walden, 1997 

U: 0.5 Walden, 1997 

Deposition 
Intake Rate 

DIR mg/hr T: 62.6 Zhou Y., et al (2007), Inhalation/oral dose of 
shower water, based on medium and high 
measured flowrate for hot water, converted 
from 10 minute to 1 hour basis (Refer to 
Section 7.5.1). 

U: 75.3 

Incidental 
ingestion 

IWRs L/d T: 0.015 Mouthful of water incidental ingestion, 15 ml 

U: 0.03 Upper value, 2 mouthful of water 

Skin area SA cm2 T: 6100 Total body, EnHealth 2012b (exposure 
handbook) 

U: 7000 Upper value Total body, EnHealth 2012 
(exposure handbook) 

Skin 
Permeability 
constant 

K cm/h 4.4 x 10-5 Refer to Section 7.5.2. 

Averaging 
time 

AT yrs T: 6 Threshold chemical, equal to ED 

U: 6 Threshold chemical, equal to ED 

Table 23 Exposure parameters, residential, food consumption, adults 

Parameter Symbol Units Value Comment / Reference 

Exposure 
duration 

ED yrs T: 4 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 29 Threshold chemical (NEPC, 2013) 

Body Weight BW kg T: 78 Average weight of male and female adults 
(EnHealth, 2012) 

U: 70 Lifetime average weight of male and female 
adults (NEPC 2013) 

Averaging 
time 

AT yrs T: 4 Threshold chemical, equal to ED 

U: 29 Threshold chemical, equal to ED 

Freshwater food (crustaceans) 

Exposure 
frequency 

EF d/yr T: 365 Based on daily average 

U: 365 Based on daily average 

Ingestion rate IR g/d T: 1.05 5% of value from FSANZ (2017), Table 10, 
mean population dietary consumption rate of 
crustaceans. Equivalent to 150 g crustacean 
meat once every 4 months (3 crustaceans a 
year). 

U: 4.2 20% of value from FSANZ (2017), Table 10, 
mean population dietary consumption rate of 
crustaceans. Equivalent to 150 g crustacean 
meat once every month (12 crustaceans a 
year). 

Eggs 

Exposure 
frequency 

EF d/yr T: 156 Assume eggs consumed three days per 
week 
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Parameter Symbol Units Value Comment / Reference 

U: 365 Upper estimate assumes eggs consumed 
daily 

Ingestion rate 
(egg yolk) 

IR g/d T: 40.8 Based on medium/large 60 g egg, 2 eggs per 
day, yolk approximately 34% of total egg 
weight 

U: 40.8 Based on medium/large 60 g egg, 2 eggs per 
day, yolk approximately 34% of total egg 
weight 

Fruit and vegetables 

Exposure 
frequency 

EF d/yr 365 Based on daily average 

Ingestion rate IR g/d 40 10% of vegetable intake and fruit intake of 
260 g/d and 140 g/d respectively (NEPM, 
Schedule B7) 

Table 24 Exposure parameters, residential, food consumption, child 

Parameter Symbol Units Value Comment / Reference 

Exposure 
duration 

ED yrs T: 6 Mean residential exposure is total 10 years 
(6 as child, 4 as adult) (EnHealth, 2012) 

U: 6 NEPC 2013 (Residential) 

Body Weight BW kg T: 17 95th percentile value for 2-3 year old males 
and females combined (EnHealth, 2012) 

U: 15 NEPC 2013 (Residential), Average weight of 
2-3 year old (EnHealth, 2012) 

Averaging 
time 

AT yrs T: 6 Threshold chemical, equal to ED 

U: 6 Threshold chemical, equal to ED 

Freshwater food (crustaceans) 

Exposure 
frequency 

EF d/yr T: 365 Based on daily average 

U: 365 Based on daily average 

Ingestion rate IR g/d T: 0.4 5% of value from FSANZ (2017), Table 11, 
mean population dietary consumption rate of 
crustaceans 

U: 1.5 20% of value from FSANZ (2017), Table 11, 
mean population dietary consumption rate of 
crustaceans 

Eggs 

Exposure 
frequency 

EF d/yr T: 156 Assume eggs consumed three days per 
week 

U: 365 Upper estimate assumes eggs consumed 
daily 

 

Ingestion rate 
(egg yolk) 

IR g/d T: 20.4 Based on medium/large 60 g egg, 1 egg per 
day, yolk approximately 34% of total egg 
weight 

T: 20.4 Based on medium/large 60 g egg, 1 egg per 
day, yolk approximately 34% of total egg 
weight 
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Parameter Symbol Units Value Comment / Reference 

Fruit and vegetables 

Exposure 
frequency 

EF d/yr 365 Based on daily average 

Ingestion rate IR g/d 40 10% of vegetable intake and fruit intake of 
260 g/d and 140 g/d respectively (NEPM, 
Schedule B7) 

7.5.1 Shower aerosol intake rate 

PFOS and PFOA are part of the heavier chemicals in the PFAS group. Consequently they are 

not considered to be volatile and inhalation exposure in the lungs is limited. However, when 

dissolved in water these chemicals can be released as an aerosol during showering and 

irrigation activities. Aerosols will condense within the respiratory tract in the mouth and nose, 

resulting in intake of dissolved PFAS. 

A study was undertaken on the variables that affect the risk of inhalation during showering 

(Zhou, et al, 2007) which looked at the effect of temperature, nozzle types, and water flow rates, 

and what effect that had on the rate of inhalation / ingestion within different parts of the 

respiratory system. The study derived a worst-case intake rate of 12.55 mg water for a 10-

minute shower (based on hot water and highest shower flow rate tested). This value has been 

adopted in this HHRA for the inhalation/ingestion of aerosols under the upper exposure 

scenario. On an hourly basis this equates to 75.3 mg/hr water intake. For the typical exposure 

scenario, a flowrate an intake of 62.6 mg/hr has been derived. 

The detailed study can be found at https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2874882/  

7.5.2 Skin permeability constant 

PFOS and PFOA have been reported to have negligible absorption through skin under neutral 

water conditions (pH = 7). Limited dermal absorption is expected to occur as the skin barrier is 

likely to be a significant barrier to ionised PFOS and PFOA and it would prevent absorption 

irrespective of whether anionic transporters existed in the viable epidermis or not (FSANZ 

2017). 

A negligible amount of PFOA was reported to pass through the membranes (no dermis) and 

under infinite dose and occlusive conditions (Fasano et al. 2005). In human skin, 0.048 ± 0.01% 

penetrated after 48 hours, with a permeability coefficient of 9.49 ± 2.86 x 10-7 cm/h; steady state 

was achieved after 12 hours. A subsequent study by Franko et al. (2012) showed that at neutral 

or normal stratum corneum pH (approximately 5.5), PFOA is largely ionised and therefore very 

little skin penetration occurs (median estimated dermal permeability coefficients were 

approximately 4.4 x 10-5 cm/hr). 

As part of the HHRA prepared for exposure to PFAS at the Army Aviation Centre Oakey, 

ToxConsult (2016) undertook a detailed review of skin permeability information. It was 

concluded in the absence of chemical-specific data that it would not be unreasonable to assume 

the dermal penetration of PFOS would be similar to PFOA as both compounds exist in the 

ionised form in environmental media that might contact the skin (Egeghy and Lorber, 2011).  

On the basis of the above, a dermal absorption factor of 0.0005 (0.05%) and skin permeability 

constant of 4.4 x 10-5 cm/h has been adopted for all PFAS chemicals. 

7.6 Source concentrations 

The source concentrations used in the risk estimation are described in the following sections. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2874882/
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7.6.1 Soil concentrations 

To assess exposure to PFAS in soil at Source Areas B, C and D, the maximum reported soil 

concentrations were used due to the size and skewness of the data set. For Source Area A, the 

95%UCL concentrations were used (refer to Section 4.2).These values are presented in Table 

4. 

For the exposure at the childcare centre, the maximum reported PFAS concentrations recorded 

at the centre were used in the risk estimates (refer to Section 4.2). 

7.6.2 Surface waters 

The highest reported on-Site surface water PFAS concentration (refer to Table B10 in Appendix 

B) was from sample PD_SW07 where PFOS plus PFHxS was recorded at 377.6 µg/L, PFOA at 

4.39 µg/L and total PFAS at 438 µg/L. The results from this sampling location were used to 

assess health risks related to on-Site surface water exposure. 

The highest reported off-Site surface water PFAS concentration (refer to Table B18 in Appendix 

B) was from sample RK_SW16 where PFOS plus PFHxS was recorded at 3.14 µg/L, PFOA at 

0.0156 µg/L and total PFAS at 3.37 µg/L. The results from this sampling location were used to 

assess health risks related to off-Site surface water exposure. 

For the purpose of estimating risk, all PFAS other than PFOA was assumed to be equivalent in 

toxicity to PFOS. 

7.6.3 Residential bore use 

A summary of all sample results from private residential bores that recorded PFAS 

concentrations above the LOR is presented in Table 7 of Section 4.7 (detailed results are 

presented in Table B36 of Appendix B). The highest reported PFAS concentration was at Bore 

116, where PFOS plus PFHxS was recorded at 0.56 µg/L, PFOA at 0.02 ug/L and total PFAS at 

0.83 µg/L. The results from this bore were used to assess health risks related to bore water 

exposure at residential properties.  

For the purpose of estimating risk, all PFAS compounds tested other than PFOA (calculated as 

total PFAS concentration minus PFOA) were assumed to have equivalent toxicity to PFOS. 

7.6.4 Residential produce (vegetables and eggs) 

The detailed sampling results are presented in Table B41 in Appendix B. All fruit and vegetable 

samples had PFAS concentrations below the LOR (0.001 to 0.002 mg/kg). 

For assessment of exposure through consumption of eggs, the highest recorded PFAS 

concentrations in egg yolk were used in the risk estimates. These were recorded in sample 

Produce 3_E1 which recorded PFOS at 0.004 mg/kg, while PFHxS and PFOA did not exceed 

the LOR (0.001 mg/kg).  

For further details on sampling methodology, refer to Section 4.8.  

7.6.5 Biota sampling in brooks 

Forty eight tissue samples from biota collected at six locations (refer to Figure 14) within the 

Brooks were tested. The results of the sampling are summarised in Table 25. 

The fish identified in the Brooks were small native fish, no larger than 10 cm in length, and were 

not considered suitable for consumption. 

The crustaceans identified were small crayfish (Cherax quinquecarinatus, or gilgie, and Cherax 

destructor, or yabbie). It was reported in the community water use survey that residents have 

been known to catch and consume these crustaceans (as discussed in Section 7.3.6).  
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Table 25 Biota (aquatic) analytical results 

No Samples Species PFOS mg/kg 
(± SD) 

PFOA mg/kg 
(± SD) 

Sum PFAS 
mg/kg (± SD) 

Biota 1 

4 fish Bostockia porosa 0.0492 (± 
0.0543) 

<0.0002 0.0501 (± 
0.0551) 

4 crustacea Cherax 
quinquecarinatus 

0.00058 (± 
0.00043) 

<0.0002 0.00065 (± 
0.00036) 

Biota 2 

4 fish Bostockia porosa 0.1999 (± 
0.0821) 

<0.0002 0.2090 (± 
0.0855) 

4 crustacea Cherax 
quinquecarinatus 

0.0130 (± 
0.0035) 

<0.0002 0.0166 (± 
0.0050) 

Biota 4 

4 fish Galaxias occidentalis 0.0947 
(±0.0383) 

<0.0002 0.1017 (± 
0.0408) 

4 crustacea Cherax 
quinquecarinatus 

0.0188 (± 
0.0111) 

0.0003 (± 
0.0002) 

0.0248 (± 
0.0138) 

Biota 5 

4 fish Bostockia porosa 0.7796 (± 
0.9513) 

<0.0002 0.8150 (± 
09841) 

4 crustacea Cherax destructor 0.0149 (± 
0.0009) 

0.0003 (± 
0.0001) 

0.0175 (± 
0.0015) 

Biota 6 

4 fish Bostockia porosa, 

Galaxias occidentalis 

1.245 (± 
0.0028) 

0.0006 
(±0.0004) 

1.31 (± 0.626) 

4 crustacea Cherax destructor 0.0214 (± 
0.0028) 

0.0011 (± 
0.0005) 

0.0332 (± 
0.0039) 

Biota 7 

4 fish Gambusia holbrooki 0.6825 (± 
0.5232) 

<0.0002 0.6973 (± 
0.5322) 

4 crustacea Cherax destructor 0.0069 (± 
0.0033) 

0.0009 (± 
0.0007) 

0.0121 (± 
0.0082) 

The highest reported concentration of PFAS in crustacean was for sample location Biota 6 for 

the Cherax destructor (yabbie) where the mean (from four samples) PFOS concentration was 

0.0214 mg/kg, while PFOA was 0.0011 mg/kg and total PFAS was 0.0332 mg/kg. These 

reported concentrations have been used in the risk estimates for consumption of freshwater 

food. 

Tissue samples analysed from local fish and crustaceans indicated that concentrations within 

fish were higher than those reported within the sediment dwelling crustaceans. This is shown 

clearly in the comparison presented in Diagram 2. 
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Diagram 2 Comparison between fish and crustacean tissue samples 

Aquatic biota sampling locations were all located down-stream of the on-Site drainage channel 

discharge points. Therefore, all aquatic biota samples were collected from areas that reported 

surface water and sediment PFAS concentrations that were elevated when compared to up-

stream locations such as RE_SW01 or RK_SW25. The highest concentrations in fish were 

recorded at locations Biota 6 and Biota 5 where the mean (from four samples) PFOS 

concentrations were 1.245 mg/kg and 0.7796 mg/kg respectively. Biota 6 is located at the Site 

drainage discharge point M5 (shown on Figure 3) and is also the location where the highest 

surface water and sediment concentrations in the Brooks was recorded (i.e. a PFOS surface 

water concentration of 8.35 µg/L and sediment concentration of 0.0718 mg/kg at 

RK_SW14/SS14). Biota 5 is located approximately 200 m downstream of surface water 

sampling location RK_SW16/SS16, where elevated PFOS surface water concentrations of 2.2 

µg/L and 0.835 µg/L and sediment concentrations of 0.0026 and 0.0019 mg/kg were recorded in 

October 2016 and September 2017 respectively. The lowest aquatic biota concentrations were 

recorded at location Biota 1 (i.e. mean fish and crustacean PFOS concentrations of 0.0492 

mg/kg and 0.00058 mg/kg respectively), which is consistent with its upstream location relative to 

the Site and the low surface water and sediment concentrations recorded there (i.e. PFOS 

surface water concentrations of 0.003 µg/L and 0.0013 µg/L in September 2016 and August 

2017 respectively and sediment concentrations of <0.0002 mg/kg on both sampling occasions 

at location RE_SW01/SS01).  

Based on the above, there appears to be a broad correlation between the recorded surface 

water and sediment concentrations and aquatic biota concentrations and this may indicate that 

species movements could be limited to particular portions of the Brooks. Crustaceans in 

particular are territorial and do not tend to move throughout the system in the same way as fish. 

They also have greater exposure to sediment than fish species due to their limited home range 

and their habit of burrowing into the sediment, particularly when surface water levels are low. 

This is consistent with the elevated concentrations recorded in crustaceans sampled from 

location Biota 6 and the elevated sediment concentrations recorded at RK_SS14. 
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7.7 Infant exposure through breastfeeding and placental 

transfer of PFAS 

Due to the bioaccumulative properties of PFAS, an infant may be exposed to PFAS through 

breastfeeding, and potentially through placental transfer during pregnancy. The Department of 

Health (July 2017) provides the following advice with regards to PFAS exposure to infants 

through breastfeeding: 

 While some PFAS have been detected in breast milk, the proven health benefits 

associated with breastfeeding outweigh any potential health risk to an infant from the 

transfer of PFAS through breast milk. Breastfeeding mothers living in or around sites 

contaminated with PFAS do not need to stop breastfeeding. 

 The TDI is the estimate of the amount of a chemical in food or drinking water, expressed 

on body weight basis, that can be ingested daily over a life-time without appreciable 

health risk to the consumer. 

 The TDI is expressed in proportion to body weight to extrapolate between test animals 

and humans and also to take into account differences in human size (e.g. infants and 

children compared with adults). 

 Increased susceptibility associated with different life stages, including the embryo, foetus, 

and neonate is taken into account as part of risk assessment by experimental studies in 

animals throughout different life-stages. 

 Therefore, provided the TDI is not exceeded for the mother, no additional human health 

risk assessment is required for the breast-feeding infant. 

For this assessment it is therefore considered that the TDI is protective of all life stages 

including breastfed infant, and so no separate risk characterisation of infant exposure via 

breastmilk or placental transfer was undertaken in this HHRA. The assessment of potential risks 

to an infant via breastmilk was undertaken by comparing the mother’s intake with the TDI. 

Furthermore, GHD understands that there is currently no conclusive evidence to suggest that in 

utero or lactation exposure to infants results in health effects. Studies have shown that during 

pregnancy, maternal PFAS serum concentrations decrease due to volume expansion from 

placental and foetal development. In rodents, infant serum concentrations have been found to 

significantly decrease during the first week after birth as a result of growth and blood serum 

volume expansion and decreased intake rates as the infants feeding patterns change. Over 

time, exposure via ingestion pathways is expected to become consistent with those of the 

mother (ToxConsult 2016). 
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8. Risk characterisation 

8.1 Overview 

The purpose of the risk characterisation is to combine the results of the toxicity assessment (i.e. 

the potential for health effects) with the predicted exposures to establish the likelihood of 

adverse health effects occurring and establish whether management measures are required to 

reduce exposure. 

8.1.1 Estimate of threshold risk 

Threshold based health effects may be assessed by direct comparison of the chronic daily 

intake (CDI) with the TDI: 

Hazard Quotient (HQ) = 

backgroundCDI-TDI

CDI
   

Where CDI =  Chronic daily intake from contamination (mg/kg/d) (refer 

     to Section 7.4) 

  TDI =  Tolerable daily intake (mg/kg/d) (refer to Section 6.4) 

  CDIbackground = Chronic daily intake from background exposure 

     (mg/kg/d) 

As discussed in Section 6.5, background exposure to PFAS by the general public is considered 

negligible. 

A HQ is calculated for each chemical-pathway-receptor linkage. The Hazard Index (HI) is 

defined as the sum of the HQs for each exposure route and chemical, where multiple exposure 

routes occur for a receptor. For example, an on-site worker may be exposed to contaminants in 

soil through ingestion, skin contact and dust inhalation and a HQ is calculated for each pathway. 

With reference to NEPC (2013):  

 if the HI is less than 1, it can be concluded that adverse health effects are unlikely to 

occur and therefore, an individual’s exposure is within acceptable levels; and 

 a HI exceeding 1 does not necessarily mean that unacceptable risk is present, though 

does indicate that further action (e.g. investigation or management) is warranted. It is 

generally considered that the greater the HI, the greater the level of concern.  

For the purpose of this risk assessment, the HI for exposure to PFAS contamination 

should be less than 1. 

The margin of safety (MOS) is defined as the factor of safety before health risks exceed 

allowable levels. For example a MOS of 10 equates to a HI of 0.1. 

8.1.2 Reporting of risk estimates 

The risk estimates have a high degree of uncertainty (refer to Section 8.4), and it is normally 

appropriate to report risk estimates to one significant figure. In general, risk estimates do 

incorporate a number of conservative (and hence protective of human health) assumptions 

which can lead to an over-estimation of risks. The uncertainties inherent in risk assessment are 

also reduced by carrying out sensitivity analysis (see Section 8.4). 
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8.2 Results of risk assessment 

The risk calculations are presented in Appendix A. The list of modelled scenarios is presented in 

Section 7.3. The summary of the risk calculations is presented in Table 26 through to Table 32. 

8.2.1 Direct contact with soil (on-site) 

Direct contact with soil includes incidental ingestion, skin contact and dust inhalation. The model 

calculations for exposure to on-Site soil are provided in Appendix A as follows: 

 Commercial worker as Scenario A1; 

 Intrusive maintenance workers as Scenario A2; 

 Children at childcare as Scenario A3. 

The summary of risk calculations is presented in Table 26 and Table 27. 

Table 26 Estimated HI for exposure to soil, main source areas 

Source Commercial / Industrial 

Worker (Scenario A1) 

Intrusive maintenance 

workers (Scenario A2) 

Typical Exposure 

Area A 0.04 (95%UCL) 0.07 (95%UCL) 

Area B 0.0003 (95%UCL) 0.0002 (95%UCL) 

Area C 0.003 (maximum) 0.0009 (95%UCL) 

Area D 0.9 (maximum) 2 (95%UCL) 

Upper exposure 

Area A 0.1 (95%UCL) 0.7 (95%UCL) 

Area B 0.0007 (95%UCL) 0.002 (95%UCL) 

Area C 0.006 (maximum) 0.009 (95%UCL) 

Area D 2 (maximum) 18 (95%UCL) 

Scenarios A1, A2 and A3 calculate the combined exposure for all pathways from soil. For typical 

exposure, the estimated HI for all scenarios is less than 1 for both commercial and intrusive 

maintenance workers, with the exception of intrusive maintenance workers in Area D, with an 

estimated HI of 2. 

For upper exposure, the estimated HI for all scenarios is less than 1 for both commercial and 

intrusive maintenance workers, with the exception of commercial workers and intrusive 

maintenance workers in Area D, with an estimated HI of 2 and 18, respectively. 

The risk estimates for Source Areas A, B and C are an order of magnitude lower than D. The 

resulting HI for intrusive maintenance workers within Source Area D is driven by the soil result 

for PFOS plus PFHxS of 315 mg/kg, which was the maximum reported concentration. 
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Table 27 Estimated HI for exposure to soil, childcare centre 

Source Children (Scenario A3) 

Child care centre (Typical exposure) 0.002 

Child care centre (Upper exposure) 0.006 

The estimated HI for children at the childcare centre was two orders of magnitude below 1, with 

a MOS of 160. The risk estimates were conservatively based on the highest reported soil 

concentration. 

8.2.2 Direct contact with surface water and perched groundwater (on-site) 

The model calculations for exposure to surface water and perched groundwater on-Site by 

maintenance workers are attached as Scenario A4 in Appendix A and summarised in Table 28. 

Table 28 Estimated HI for exposure to surface water and perched 

groundwater, site and maintenance workers 

Source On-Site drainage channels 

(Scenario A4) 

On-Site perched 

groundwater (Scenario A5) 

Site and Maintenance 

workers (Typical exposure) 

0.2 6 

Site and Maintenance 

workers (Upper exposure) 

2 45 

The estimated HI for site worker and maintenance worker exposure to surface waters in the on-

Site drainage channels was less than 1 for the typical exposure scenario and marginally above 

1 for upper exposure scenario (a HI of 2). The HI estimate is conservatively based on the 

highest reported PFAS surface water concentration on-site (PD_SW07 with a sum of PFOS and 

PFHxS concentration of 377.6 µg/L). 

The estimated HI for intrusive (sub-surface) maintenance worker exposure to perched 

groundwater on-Site exceeds 1 for both the typical and upper exposure scenarios. This result is 

based on the highest reported perched groundwater concentration in Source Area A (a sum of 

PFOS and PFHxS concentration of 12,300 µg/L).  

It should be noted that the exposure pathway with the largest contribution to the estimated HI is 

not dermal (skin) contact, but rather incidental ingestion. Under the typical exposure scenario, it 

is assumed that half a mouthful (10 mL) of water is ingested per working day and for the upper 

scenario, it is assumed a full mouthful (20 mL) of water is ingested. 

8.2.3 Groundwater (residential bores) 

The model calculations for exposure to groundwater from private residential bores are attached 

in Appendix A as follows: 

 Drinking water as Scenario A6; 

 Showering as Scenario A7; 

 Irrigation spray / gardening as Scenario A8; 

 Swimming pool makeup water as Scenario A9; 

The summary of risk calculations is presented in Table 29. 
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Table 29 Estimated HI for exposure to extracted groundwater, residential 

wells 

Scenario 1 Child Adult 

Typical exposure 

Drinking (Scenario A6) 1 1 

Showering (Scenario A7) 0.05 0.007 

Irrigation spray / sprinkler 

play (Scenario A8) 

0.007 0.001 

Swimming pool, primary 

contact recreation (Scenario 

A9) 

0.007 0.0009 

Upper exposure 

Drinking (Scenario A6) 3 2 

Showering (Scenario A7) 0.2 0.03 

Irrigation spray / sprinkler 

play (Scenario A8) 

0.03 0.005 

Swimming pool, primary 

contact recreation (Scenario 

A9) 

0.03 0.04 

Notes: 1) Based on maximum reported concentrations in residential bores 

For the typical exposure scenario, the estimated HIs for drinking domestic bore water use are 

equal to 1 for both adults and children. The HIs for drinking water were one to two orders of 

magnitude greater than the other scenarios under which extracted groundwater could be used 

and is therefore the most significant.  

For the upper exposure scenario, the estimated HIs for drinking domestic bore water exceed 1 

with a HI of 3 and 2 for children and adults respectively. 

These risk estimates were based on the highest reported PFAS concentrations from all the 

residential bores. Further discussion on risk from drinking groundwater combined with other 

exposure scenarios is presented in Section 8.3. 

8.2.4 Off-Site surface water (Ellen Brook and Ki-it Monger Brook) 

The model calculations for exposure to PFAS in off-Site surface waters (Ellen Brook and Ki-it 

Monger Brook) during recreational activities are attached as Scenario A10 in Appendix A and 

are summarised in Table 30. 
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Table 30 Estimated HI for exposure in off-site surface water, Ellen Brook 

and Ki-it Monger Brook 

Scenario Child Adult 

Swimming/fishing, primary 

contact recreation (Scenario 

A10) (Typical exposure) 

0.04 0.005 

Swimming/fishing, primary 

contact recreation (Scenario 

A10) (Upper exposure) 

0.2 0.2 

The estimated HIs for primary contact with off-Site surface waters during recreational activities 

were less than 1 under both the upper and exposure scenarios, with a MOS of 5 for both 

children and adults under the upper exposure scenario. This estimate was based on the highest 

reported off-Site surface water PFAS concentrations. 

It is concluded that PFAS exposure to recreational users of off-Site portions of Ellen and Ki-it 

Monger Brooks is within acceptable levels. 

8.2.5 Consumption of food 

The model calculations for exposure to PFAS through food consumption are attached in 

Appendix A as follows: 

 Freshwater food caught from the Brooks as Scenario A11; 

 Chicken eggs as Scenario A12. 

The summary of risk calculations is presented in Table 31. 

Table 31 Estimated HI for exposure in food 

Scenario Child Adult 

Typical exposure 

Freshwater food (maximum 

PFAS concentration in 

crustaceans) (Scenario A11) 

0.05 0.03 

Chicken eggs (maximum 

PFAS concentration) 

(Scenario A12) 

0.1 0.06 

Upper exposure 

Freshwater food (maximum 

PFAS concentration in 

crustaceans) (Scenario A11) 

0.2 0.1 

Chicken eggs (maximum 

PFAS concentration) 

(Scenario A12) 

0.4 0.2 

The estimated HIs for consumption of freshwater food (crustaceans) are less than 1 for both 

adults and children under both the typical and upper exposure scenarios. For the typical 

exposure scenario the MOS is 20 whereas for the upper exposure scenario the MOS is 5.  



 

GHD | Report for Department of Defence  - RAAF Base Pearce PFAS Investigation, 61/33334 | 61 

Similarly, for consumption of chicken eggs the estimated HIs are below 1 for both adults and 

children under both the typical and upper exposure scenarios, For the typical exposure scenario 

the MOS is 10 whereas for the upper exposure scenario the MOS is 2.5. 

With respect to the freshwater food consumption scenario, the following is noted: 

 As discussed in Section 7.6.5 the consumption of freshwater food is based on consuming 

crustaceans only. PFAS concentrations were found to be higher in fish, however the 

species of fish reported in the area during the biota sampling program were small native 

fish (less than 10 cm in length) that are not considered suitable for consumption. 

 The analytical results for the crustaceans are based on flesh samples, which are 

generally consumed. However, the analytical results showed unexpected correlation 

between fish species and crustaceans species, whereby it was expected that the 

sediment dwelling creatures would have had higher PFAS concentrations. One theory is 

that crustaceans may be metabolising the PFAS and possibly storing the chemical in their 

shells, which was not tested. Should the crustaceans be totally consumed, such as 

crushed and used as stock in cooking, then there is potential that the risks may be 

underestimated. 

 The typical exposure scenarios for freshwater food consumption rate presented in Table 

23 and Table 24 are based on 5% of the mean population dietary consumption rates of 

crustaceans (FSANZ, 2017b). This is equivalent to consuming 150 g of crustacean meat 

3 times a year or once every four months. While it is possible that individuals living near 

the Brooks could catch and consume crustaceans at a greater frequency, only six water 

use survey respondents indicated that they use the local waterbodies for recreation. GHD 

made follow-up enquires with four of these six respondents (two could not be contacted) 

and understands that only one respondent has caught and consumed crustaceans from 

the Brooks, though has not done so for over 20 years. It is also noted that Ellen Brook 

and Ki-it Monger Brook are dry most of the summer and that catching crustaceans on a 

regular year-round basis would not be likely. 

 The range of PFOS concentrations reported in the crustacean samples was 0.00058 to 

0.0214 mg/kg, with a mean of 0.0126 mg/kg. The highest reported mean concentration 

from the biota sampling locations was used in the risk assessment, and therefore the 

mean concentration of all samples would halve the risk. 

As discussed in Section 4.8, fruit and vegetables were also sampled within the residential 

community, including from properties where there were detections of PFAS in bore water used 

to irrigate the produce. No PFAS concentrations were reported above the laboratory LOR for 

any fruit or vegetable (refer to Table B41 in Appendix B).  

8.3 Cumulative risk assessment 

People may be exposed to PFAS through a combination of scenarios. The following discussion 

looks at the possible scenario combinations. 

8.3.1 On-Site workers 

Site workers (including non-intrusive maintenance workers) may be exposed to contaminated 

surface soil (Scenario A1), though are not likely to be involved in intrusive or-subsurface works 

and are therefore not likely to be exposed to perched groundwater. 

It is possible however, that Site workers may be also involved in maintenance activities along 

the drainage channels and therefore may be in contact with contaminated surface water 

(Scenario A4), in addition to being exposed to surface soil (Scenario A1) 
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For Scenario A1, only Source Area D presents an elevated risk with a HI of 0.9 for the typical 

exposure scenario and a HI of 2 for upper exposure scenario. The HI for exposure to surface 

water drainage (Scenario A4) is 0.2 for the typical exposure scenario and 2 for the upper 

exposure scenario. The combined HI for the typical exposure scenario equals 1 (to one 

significant figure). However, if any upper exposure scenario is considered a HI of 3 to 4 is 

calculated. Note that the HIs for Source Area D and the surface water drains are based on 

maximum reported concentrations and hence this result is likely to be conservative. 

8.3.2 On-Site intrusive maintenance workers 

On-Site intrusive (sub-surface) maintenance workers may be exposed to contaminated soil 

(Scenario A2) as well as being exposed to perched groundwater (Scenario A5). Exposure to soil 

in Source Area D alone results in a HI of 2 under the typical exposure scenario and a HI of 18 

under the upper exposure scenario. For other Source Areas the resulting HI is less than 1 for 

the upper exposure scenario. 

Exposure to the perched groundwater (observed in Source Area A) results in a HI of 6 under the 

typical exposure scenario and a HI of 45 under the upper exposure scenario.  

8.3.3 On-Site childcare centre 

Children and workers at the on-Site childcare may be exposed to contaminated surface soil 

(Scenario A3). The resulting HI is significantly less than 1 for the upper exposure scenario and 

hence may be concluded that PFAS exposure is within acceptable levels for these receptors. 

There are no other exposure scenarios that would combine with this scenario. 

8.3.4 Off-Site residents 

There is potential for cumulative risks from PFAS exposure through multiple exposure scenarios 

to residents within the Investigation Area. Residents could be exposed to the four domestic well 

exposure scenarios (refer to Table 29), as well as through consumption of food, and from 

primary contact with surface waters within the Brooks. 

Based on the exposure estimates, the most significant exposures are drinking water and 

consumption of food. The combined risk estimates for all the typical exposure scenarios are 

presented in Table 32.  

The combined “all scenarios” considers a resident that drinks water from their domestic bore, 

consumes chicken eggs and crustaceans, and swims in the local Brooks. The resulting HI is 1 

for both children and adults under a typical exposure scenario and therefore PFAS exposure is 

considered to be within acceptable levels.  

Consideration of combined upper exposure scenarios is considered to be overly conservative 

(as it is highly unlikely that one individual would be exposed through multiple scenarios more 

than the average Australian e.g. drinking more water, eating more produce, bathing, swimming 

and gardening more than the average person) and does not provide a realistic view of risk. 

However, individual exposure scenarios assessed as posing an elevated risk under the upper 

exposure scenario have been considered (as described in the Sections above).  
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Table 32 Estimated HI for combined typical exposure level scenarios 

(residents) 

Scenario Child Adult 

All scenarios (typical exposure) 

Drinking (maximum reported 

concentration) 

1 1 

Freshwater food (maximum 

concentration in crustaceans) 

0.05 0.007 

Chicken eggs (maximum 

concentration) 

0.007 0.001 

Primary contact recreation in 

Ellen Brook and Ki-it Monger 

Brook  

0.007 0.0009 

SUBTOTAL 1 1 

Ellen Brook and Ki-it Monger Brook scenarios (typical exposure) 

Freshwater food (maximum 

concentration in crustaceans) 

0.05 0.03 

Primary contact recreation in 

Ellen Brook and Ki-it Monger 

Brook  

0.1 0.06 

SUBTOTAL 0.2 0.09 

TOTAL (1 sig figure) 1 1 

8.4 Uncertainty, sensitivity 

A number of discussion points are presented below which relate to the uncertainty of data and 

sensitivity of parameters used in the assessment of potential health risks to the identified 

receptors at the Site and within the Investigation Area.  

8.4.1 PFAS concentration in freshwater food and consumption rate 

As discussed in Section 8.2.5, the analytical results for the crustaceans are based on flesh 

samples, which are generally consumed. However, the analytical results showed unexpected 

correlation between fish species and crustaceans species, whereby it was expected that the 

sediment dwelling creatures would have had higher PFAS concentrations. One theory is that 

crustaceans may be metabolising the PFAS and possibly storing the chemical in their shells, 

which was not tested for, or excreting the chemicals via gills. Should the crayfish be totally 

consumed, such as crushed and used as stock in cooking, then there is potential that the risks 

may be underestimated. 

It should be noted however, that the freshwater food consumption rate used in the risk 

estimates is based on a small proportion (5 to 20%) of the national population mean 

consumption rate of crustaceans, as presented in the FSANZ (2017b) food assessment. Based 

on the community consultation undertaken, and as described in Section 7.3.6, GHD 
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understands that very few local residents catch and consume crustaceans from the local 

Brooks, and that this activity occurs on an infrequent basis. The adopted exposure parameters 

(refer to Section 7.3.6, Table 23 and Table 24) are therefore considered to be sufficiently 

conservative to assess risks posed to residents from PFAS exposure via this pathway.  

8.4.2 Consumption rate of eggs 

The upper exposure level consumption rate of eggs used in the risk estimates was based on 

consumption of one medium sized egg (60 g) per day for children and two eggs per day (120 g) 

for adults. This is considered reasonably conservative when compared to national statistics 

including the dietary 90th percentile population consumption rate of 59 g and 36 g for adult and 

child respectively (FSANZ, 2017b). Therefore, the assumptions used in the risk estimates are 

considered reasonable for consumption of eggs from domestic chickens. 

8.4.3 Other PFAS chemicals 

As discussed in Section 4.9, PFOS, PFHxS and PFOA are the primary PFAS chemicals of 

concern. In soil, these make up over 90% of the contribution, however in groundwater and 

surface water, other PFAS can contribute up to 30% of the mass. These components are 

generally shorter chain PFAS and therefore more soluble and mobile, and hence less likely to 

remain adsorbed to soil. 

Review of the toxicity of these components (refer to Section 6.4.4) suggests that shorter 

chained PFAS are less toxic than PFOS. However for conservatism, the total PFAS 

concentration (excluding PFOA) has been assessed as PFOS. 

8.4.4 Biota limit of reporting 

Direct sampling of fruit and vegetables was undertaken as part of the DSI and PFAS was not 

reported above the laboratory LOR in any of the samples. The laboratory LOR for PFOS in biota 

samples was 1 µg/kg, which is slightly higher than the FSANZ (2017b) food trigger level for fruit 

of 0.6 µg/kg.  

The trigger level presented by FSANZ is based on a 100% dietary level, i.e. all of an individual’s 

fruit and vegetable intake is home-grown produce. However, the standard residential setting 

presented in the NEPM (NEPC 2013) is based on 10% of the diet being home-grown.  

If the concentration of PFOS plus PFHxS in home-grown fruit and vegetable samples was 2 

µg/kg (i.e. the sum of the LORs for PFOs and PFHxS), then the resulting intake level is 

approximately 20% of the TDI for children (assuming 10% of food is home-grown based on 

assumption for standard low density residential as per the NEPC 2013). The potential 

contribution of PFAS from home-grown fruit and vegetables has been added to the background 

contribution discussed in Section 6.5. This approach is considered appropriate to address the 

uncertainty on the basis of the following:  

 Even though all fruit and vegetable samples had concentrations of individual PFAS 

compounds below the LOR, it would be inappropriate to assume that all individual PFAS 

in the samples were not present (i.e. 0 µg/kg), particularly where corresponding bore 

water samples detected PFAS.  

 Concentrations have been based on 2 µg/kg (sum of LORs for PFOS and PFHxS), which 

is considered reasonable given that PFOS plus PFHxS contributed to the majority of 

measured PFAS (generally greater than 70% as described in Section 4.9) in 

groundwater.  

 The adopted consumption rate for home-grown produce in the HHRA is 10%, as per the 

NEPM (NEPC 2013) assumption for standard residential land use. While semi-rural land 
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use could result in higher proportion of home-grown produce being consumed, the West 

Bullsbrook community is close to produce retailers such as supermarkets. Also the typical 

block size in the West Bullsbrook area would generally limit the ability of residents to grow 

a larger proportion of produce for home consumption. 

 FSANZ also states that for fruit and vegetables, either the trigger points or the LORs can 

be used for the evaluation of investigation results. 

8.4.5 Consumption of chicken meat 

GHD is aware of two residents within the Investigation Area who either consume or sell meat 

produced at their properties. One of these residents indicated that they consume a chicken 

every 1 to 2 months, though they do not eat chicken eggs. This resident has had their bore 

sampled and it reported PFOS plus PFHxS concentration exceeding the NEMP (2018) drinking 

water guideline of 0.07 µg/L. This resident’s bore water should therefore be managed and this 

would effectively manage exposure to chickens and subsequent human exposure by meat 

consumption.  

The other resident indicated that they sell meat however, their bore sample result was below 

laboratory LOR and on this basis, there is no complete exposure pathway to this resident via 

meat consumption. 

The PFAS uptake rates in chicken meat are uncertain and therefore not possible to model. 

Given that consumption of homegrown chicken meat is relatively unique and not representative 

of typical activities of the residential community, this pathway has not been included in the 

health risk estimates.  
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9. Conclusions and recommendations 

9.1 Conclusions 

The human health risk assessment has considered the potential effects on beneficial uses of 

the Site, and surrounding sensitive receptors, and has particularly considered: 

 The community consultation during the information sessions held in June, September and 

December 2016, and the water use survey; 

 The detailed analytical program of the DSI; 

 The CSM developed as part of the Consolidated DSI (GHD 2018) and the qualitative risk 

assessment (refer to Appendix C); 

 The recommendations of toxicological assessment by FSANZ (2017a). 

It is important to note that the PFAS Expert Health Panel established by the Australian 

Government DoH has concluded that based on the information currently available; “there is 

mostly limited, or in some cases no evidence, that human exposure to PFAS is linked with 

human disease”. However, given the ability of PFAS to persist in humans and the environment, 

the DoH recommends that exposure to PFAS be minimised. This is consistent with the NEMP 

(2018), which recommends adoption of the ‘precautionary principle’, whereby a lack of full 

scientific certainty should not be used as a reason for postponing management measures.  

The risk characterisation undertaken as part of this HHRA has identified the pathways that may 

result in an increased exposure to PFAS and therefore, the pathways that should be managed 

to reduce PFAS exposure.  

For each exposure pathway, a ‘typical’ exposure level and ‘upper’ exposure scenario was 

assessed. The typical exposure scenario represents the most likely, or average, level of 

exposure whereas the upper exposure scenario represents the ‘worst case’ level of exposure. 

The exposure pathways that were assessed are summarised in Table 33 below along with the 

results of the risk characterisation for both the typical and upper exposure scenarios.  
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Table 33 Summary of risk characterisation  

Exposure pathway Risk characterisation Discussion 

Typical Upper 

Groundwater (off-Site)  

Drinking 

groundwater 

Low and acceptable Elevated (for bores 

with PFAS above 

drinking water 

guidelines) 

The risk assessment is conservatively based on the highest recorded bore water concentration. The 

results indicate that exposure to this concentration of PFAS through drinking bore water is within 

acceptable levels, based upon typical water consumption habits.  

Even under the upper exposure scenario, which assumes daily consumption of water from the 

same source for 29 years, adverse health effects may not necessarily occur, as the calculated 

exposure level is not significantly higher than acceptable levels.   

As a precautionary approach however, it is recommended that all bores with PFAS concentrations 

in excess of the NEMP (2018) drinking water guidelines are managed (e.g. through provision of 

alternative water or treatment of bore water, as determined by the PFAS Management Area Plan1). 

Domestic 

groundwater use, 

other than drinking 

Low and acceptable Low and acceptable Exposure to PFAS from using groundwater for showering, irrigation, playing in sprinklers and filling 

swimming pools is within acceptable levels. The assessment is conservatively based on the highest 

recorded PFAS bore water concentration.  

Groundwater (on-Site)  

Incidental ingestion 

of perched 

groundwater by 

sub-surface 

maintenance 

workers  

Elevated Elevated Exposure levels are elevated for both the typical and upper exposure scenarios. The assessment is 

conservatively based on the highest recorded on-Site groundwater PFAS concentration, which was 

recorded in perched groundwater of Source Area A (fire training area), and assumes that workers 

accidentally ingest half a mouthful of water (10 mL) each time they conduct sub-surface work.  

Control measures could be implemented to limit exposure to workers during sub-surface works.   

Food consumption   

Eating crustaceans 

from the local 

Brooks 

Low and acceptable Low and acceptable Exposure to PFAS from eating crustaceans caught in Ellen and Ki-it Monger Brooks is within 

acceptable levels. The assessment is conservatively based on the highest recorded crustacean 

PFAS concentration.  
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Exposure pathway Risk characterisation Discussion 

Typical Upper 

Eating chicken 

eggs 

Low and acceptable Low and acceptable Exposure to PFAS from eating eggs from chickens fed bore water containing PFAS is within 

acceptable levels. The assessment is conservatively based on the highest recorded egg PFAS 

concentration. 

Eating meat from 

chickens exposed 

to bore water 

containing PFAS 

Not assessed   GHD is aware of one resident that consumes meat from chickens that have been fed bore water 

containing PFAS. The PFAS uptake rates in chicken meat are uncertain and therefore not possible 

to model.  

Given that the PFAS concentrations recorded in the residents bore water are above the NEMP 

(2018) drinking water guidelines, the resident’s bore water should be managed (such as via 

provision of alternative water or water treatment as determined by the PFAS Management Area 

Plan1) and this would effectively manage exposure to PFAS from consumption of impacted chicken 

meat.  

Eating fruit and 

vegetables 

Low and acceptable Low and acceptable PFAS was not detected in fruit and vegetable samples at concentrations above the limit of 

reporting.  

Even if it is conservatively assumed that PFOS plus PFHxS (the most commonly detected PFAS) 

are present in fruit and vegetables at the limit of reporting (2 µg/kg), exposure levels are low and 

acceptable.   

Surface water   

Swimming in the 

local Brooks 

Low and acceptable Low and acceptable Exposure to PFAS from swimming in Ellen and Ki-it Monger Brooks is within acceptable levels. This 

is based on the highest recorded PFAS surface water concentration in the Brooks.  

Working in the on-

Site drainage 

channels 

Low and acceptable Elevated Under the upper exposure scenario, the level of exposure marginally exceeds the acceptable level. 

This is based on the highest recorded surface water concentration in the on-Site drainage channels 

and assumes that a worker accidentally swallows water from the drains each day for 60 days per 

year, for 30 years, which is conservative.  

Control measures could be implemented to limit exposure to workers during drainage channel 

maintenance works.    
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Exposure pathway Risk characterisation Discussion 

Typical Upper 

Soil  

Children (and adult 

workers) exposed 

to soil at the on-Site 

childcare centre 

Low and acceptable Low and acceptable Exposure to PFAS in soil at the on-Site childcare centre is within acceptable levels. This is based 

on the highest PFAS concentration recorded in soil at the childcare centre.  

Base workers 

exposed to soil 

within Source 

Areas A, B and C. 

Low and acceptable Low and acceptable Exposure of PFAS in soil within Source Areas A (fire training area), B (former fire training areas) 

and C (Hangar 93) to Base workers is within acceptable levels. This is based on the highest PFAS 

concentrations recorded in these areas.  

Base workers 

exposed to soil 

within Source Area 

D (grounds 

maintenance area). 

Low and acceptable Elevated Under the upper exposure scenario, the level of exposure marginally exceeds the acceptable level. 

This is based on the highest recorded soil concentration in Source Area D (grounds maintenance 

area) and assumes that a worker is exposed to these soils daily for 30 years, which is considered 

conservative.   

Control measures could be implemented to limit exposure to workers in this area.  

Sub-surface 

maintenance 

workers exposed to 

soil within Source 

Areas A, B and C. 

Low and acceptable Low and acceptable Exposure of PFAS in soil within Source Areas A (fire training area), B (former fire training areas) 

and C (Hangar 93) to sub-surface workers is within acceptable levels. This is based on the highest 

PFAS concentrations recorded in these areas. 

Sub-surface 

maintenance 

workers exposed to 

soil within Source 

Area D. 

Elevated Elevated Exposure levels are elevated under the both the typical and upper exposure scenarios, though only 

marginally exceeds the acceptable level under typical exposure levels. This is based on the highest 

recorded soil concentration in Source Area D (grounds maintenance area) and assumes that a 

worker is exposed to these soils daily for 30 years, which is considered conservative.   

Control measures could be implemented to limit exposure to sub-surface workers in this area.     
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Exposure pathway Risk characterisation Discussion 

Typical Upper 

Combined exposure scenarios  

Drinking bore 

water, swimming in 

the Brooks, eating 

crustaceans and 

chicken eggs 

Low and acceptable Not assessed^ At typical exposure levels, exposure to PFAS through these combined exposure pathways is within 

the acceptable level.   

For combined exposure scenarios, only the typical exposure level has been considered. 

Consideration of the combined “all scenarios” under upper exposure scenarios is considered to be 

unrealistic and overly conservative (as it is highly unlikely that one individual would be exposed 

through multiple scenarios more than the average Australian). 

1. The PFAS Management Area Plan (PMAP) is a document which provides a roadmap for response management by Defence in relation to potential risks arising from exposure to PFAS associated with RAAF 

Base Pearce and the surrounding areas. 
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9.2 Recommendations 

Based on the findings of this HHRA, the following recommendations are made:  

 Exposure to PFAS from drinking bore water may not necessarily result in adverse health 

effects, especially at typical exposure levels. However, as a precautionary approach, it is 

recommended that all bores with PFAS concentrations in excess of the NEMP (2018) 

drinking water guidelines are managed by precluding the use of those bores as a source 

of drinking water.  

 Management to reduce PFAS exposure (e.g. through remediation or other controls) by 

the following exposure pathways is recommended:  

o Exposure of Site workers and intrusive-maintenance workers to soil in Source Area D. 

o Exposure of intrusive-maintenance workers to perched groundwater. 

o Exposure of Site workers to surface water in the Site drainage channels.  

 Methods for remediation and management will ultimately be selected with consideration 

to the results of the ERA (presented separately), through consultation with a range of 

stakeholders and development of a PFAS Management Area Plan (PMAP). Potential 

remediation and management options include: 

o Provision of alternative water, or treatment of bore water, at properties that have 

bores with PFAS concentrations above drinking water guidelines.  

o Removal of the most heavily impacted soil from the on-Site Source Areas (particularly 

Source Areas A and D) and the sediment from the drainage channels to minimise 

ongoing groundwater and surface water impacts. 

o Ongoing periodic testing of groundwater and surface water to establish whether PFAS 

concentrations are stable, increasing or decreasing.   

This report is subject to, and must be read in conjunction with, the limitations set out in section 

1.5 and the assumptions and qualifications contained throughout the Report. 
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Figure 1 Site layout and source locations 

Figure 2 Site topography 

Figure 3 Site drainage plan 

Figure 4 Regional geology 

Figure 5 Regional groundwater contours 

Figure 6 Interpolated groundwater contours – September/October 2018 

Figure 7 Interpolated groundwater contours – March 2018 

Figure 8 Hydrogeological cross sections 

Figure 9 Registered groundwater bores 

Figure 10 Ecological Areas of Interest 

Figure 11 Soil sampling locations 

Figure 12 Sediment and surface water sampling locations 
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Figure 16 Source Area A sampling locations and results 
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Figure 19 Source Area D sampling locations and results 
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Figure 35 Ellen and Ki-it Monger Brooks sampling locations and results 
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Figure 37 Private groundwater bore locations and results 

Figure 38 All groundwater monitoring well locations and results 

Figure 39 Conceptual site model – human receptors 

Figure 40 Conceptual site model – ecological receptors 
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Appendix A – Health risk calculations 

 

 

 



 

GHD | Report for Department of Defence  - RAAF Base Pearce PFAS Investigation, 61/33334 

Appendix B – Consolidated DSI results tables 
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Appendix C – Consolidated DSI qualitative risk 
assessment  
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