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Executive summary 

Introduction and background 

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

undertake an Ecological Risk Assessment (ERA) associated with an environmental investigation 

of the impacts of per- and poly-fluoroalkyl substances (PFAS) on and around RAAF Base 

Pearce in Bullsbrook, Western Australia (the Site, Figure 1). 

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 ERA report. 

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

water, groundwater and biota not only from RAAF Base Pearce, but also from the surrounding 

areas. For the purposes of this ERA: 

 “the Site” was defined as RAAF Base Pearce. 

 “the Investigation Area” was 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).  

The primary objective of the ERA is to evaluate the potential long-term risks to terrestrial and 

aquatic ecology from exposure to PFAS in soil, sediment, surface water, groundwater and biota.   

The ERA utilises data presented within GHD’s Consolidated DSI report (GHD 2018a) and also 

draws upon information from ecological surveys, food web modelling and scientific studies 

completed by others. It has been completed in accordance with the Human Health and 

Ecological Risk Assessment Plan and Methodology report (GHD 2017b) – which was based on 

the process outlined in Schedule 5a (Guideline on Ecological Risk Assessment) of the National 

Environment Protection (Assessment of Site Contamination) Amendment Measure 2013 (No. 1) 

(NEPC 2013).  

Data presented in the DSI report (GHD 2018a) identified PFAS compounds: 

 in soils across some localised areas, predominantly where PFAS is known to have been 

historically used;  

 in surface water within Ellen and Ki-it Monger Brooks; and 

 in lower order biota samples including fish, crustacean, terrestrial invertebrate and flora 

samples. 

Sensitive ecological receptors (including higher order consumers such as birds, reptiles and 

mammals) were identified in three areas where PFAS concentrations in soil and/or water and 

lower order biota exceeded the ecology based assessment guidelines presented in the PFAS 

National Environmental Management Plan (NEMP 2018), namely: 

 Source Area A (a fire training area on the Site); 

 Source Area B (a former fire training area on the Site); and 

 Within Ki-it Monger and Ellen Brooks, including Ellen Brook Nature Reserve and Twin 

Swamps Nature Reserve which are home to the critically endangered Western Swamp 

Tortoise. 

An ERA was thereby required to assess any resultant risk to higher order ecological consumers 

within the three aforementioned areas.  
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Risk characterisation  

Published ecotoxicity studies suggest that the PFAS concentrations recorded in the surface 

water in Ellen and Ki-it Monger Brooks are unlikely to adversely affect macroinvertebrate and 

plant populations. The potential exists however for impacts on some sensitive fish, insect and 

crustaceans, for which the reported toxicity endpoints are of a similar order of magnitude to the 

reported literature concentrations.  PFAS concentrations in soils from Source Area A and 

Source Area B could also results in adverse effects to sensitive plants and soil dwelling 

invertebrates. 

The table below summarises the results of the risk characterisation for each of the higher order 

consumers (birds, reptiles, amphibians and mammals) that were assessed, based upon the 

results of an exposure assessment, toxicity assessment and risk characterisation that included 

food web modelling. The species assessed are considered suitably representative of the various 

trophic niches present within the Investigation Area and provide a sufficient understanding of 

the level of PFAS exposure to higher order consumers within the impacted areas. 

Summary of risk characterisation for higher order consumers 

Source Area A Source Area B Ellen and Ki-it Monger Brook 

Birds 

Pacific Black Duck Yellow-rumped Thornbill Straw-necked Ibis 

Australian Magpie Willie Wagtail Australian White Ibis 

Banded Lapwing Weebill Pacific Black Duck 

Willie Wagtail Grey Fantail Wood Duck 

Singing Honeyeater Tree Martin Great Egret 

 Horsfield's Bronze Cuckoo White-faced Heron 

 Mudlark  

 Black-faced Cuckoo-shrike  

 Black-shouldered Kite  

 Australian Magpie  

 Nankeen Kestrel  

 Western Wattlebird  

 Brown Honeyeater  

 Galah  

Reptiles and amphibians 

Clicking Frog Dugite Oblong tortoise  

 Common Dwarf Skink Western Swamp Tortoise 
(Ellen Brook Nature Reserve) 

 Shingleback Western Swamp Tortoise 
(Twin Swamps Nature 
Reserve) 

 Clicking Frog Dugite  

  Black-headed Monitor  

  Squelching Frog  

Mammals 

House Mouse Fox Fox 

Chuditch (male) Rabbit Horse 

Chuditch (female) Western Grey Kangaroo Cattle 

 Southern Brown Bandicoot Chuditch (male) 

 German Shepherd (police 
dog) 

Chuditch (female) 

 Chuditch (male)  
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Source Area A Source Area B Ellen and Ki-it Monger Brook 

 Chuditch (female)  

Colour coding: 

Green shading – The estimated risk of adverse chronic effects to the species from PFAS exposure is low and 

acceptable. 

Yellow shading – The estimated exposure level exceeds the level at which no adverse chronic effects are expected, 

however is below the lowest levels at which effects have been reported. The potential for elevated exposure cannot be 

ruled out however measurable and ecological relevant adverse effects are considered unlikely. 

Orange shading – The estimated exposure scenario exceeds levels at which adverse effects have been calculated. The 

magnitude of any adverse effects cannot, however, be reliably estimated given the significant degree of uncertainty 

involved in the screening and modelling process. 

The table indicates that there is an estimated elevated risk of chronic effects to some species 

that reside within the impacted areas, particularly insectivorous birds and the Clicking Frog. 

However, it is important to note that the species identified as being at an elevated risk (i.e. those 

shaded as orange in the risk characterisation table) are generally common and widespread and 

on this basis, the estimated elevated risks are considered to be of low significance with respect 

to overall populations.  

Neither the endangered Baudin’s Black Cockatoo nor the Carnaby’s Black Cockatoo were 

observed during the 2017 ecological survey, but it is possible that these species would utilise 

the areas opportunistically. However, the risks to the Galah (which was identified within the 

Investigation Area and hence assessed as part of the ERA) are considered likely to also be 

reasonably representative of the risk profile associated with the Black Cockatoos, as the Galah 

is known to feed at Source Area B. Indeed, the Black Cockatoos would typically feed on seeds 

present in the canopy, whereas the Galahs feed mainly on the ground and will therefore have a 

potentially higher exposure due to soil ingestion. The use of the Galah as a representative 

granivorous avian is therefore considered to provide a relatively conservative estimate of 

potential PFAS exposure to Black Cockatoo species (if such species were indeed ultimately 

present). The conservative food web modelling assessment indicates that the potential for 

elevated exposure cannot be ruled out but ecological relevant adverse effects are considered 

unlikely. 

The PFAS exposures estimated for a number of bird species that forage in Ellen and Ki-it 

Monger Brooks also exceeded the levels at which no adverse effects have been reported. 

These results indicate the potential for elevated exposure to PFAS by birds which feed 

exclusively or predominantly within the Brooks, however it is considered unlikely that a large 

number of individuals within populations of these species would be affected.  

The conservative food web modelling assessments of the critically endangered Western Swamp 

Tortoise in both Twin Swamps Nature Reserve and the Ellen Brook Nature Reserve indicate 

that the estimated risk of PFAS bioaccumulation is low and acceptable.  

Potential management actions 

Management and remediation options will ultimately be informed with consideration to the 

findings of this ERA as well as the Human Health Risk Assessment (GHD 2018b), through 

consultation with Defence and affected stakeholders and the development of a PFAS 

Management Area Plan (PMAP).  

While the identified elevated risks are generally considered to be of low significance with 

respect to broader populations of the species, the level of risk to the local populations residing 

in Source Areas A and B could be reduced through measures such as remediation of impacted 
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soils and sediments to reduce exposure to PFAS. This would also serve to reduce surface water 

impact to Ellen and Ki-it Monger Brook as a result of run-off and thus, reduce the level of 

exposure to the species that inhabit the Brooks.   

It is recommended that periodic monitoring of PFAS surface water concentrations in Ellen Brook 

and Ki-it Monger Brook be undertaken to ascertain whether any trends emerge that may have a 

bearing on the risk profile to ecological receptors. This would form part of the Ongoing 

Monitoring Program for the Site.  
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1. Introduction 

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

undertake an Ecological Risk Assessment (ERA) associated with an environmental investigation 

of the impacts of per- and poly-fluoroalkyl substances (PFAS) on and around RAAF Base 

Pearce in Bullsbrook, Western Australia (the Site, Figure 1).   

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

Pearce, but also from the surrounding areas. For the purposes of this ERA: 

 “the Site” was defined as RAAF Base Pearce. 

 “the Investigation Area” was 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. 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 2018a). 

 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 ERA component of Stage 3 of the investigation. The other 

component of Stage 3, the Human Health Risk Assessment (HHRA), is presented as a 

separate, stand-alone report. 

The ERA utilises data presented within GHD’s Consolidated DSI report (GHD 2018a) as well as 

drawing upon information from ecological surveys, food web modelling and scientific studies 

completed by others. It has been completed in accordance with the HHERA methodology and 

plan entitled RAAF Base Pearce PFAS Investigation Human Health and Ecological Risk 

Assessment Plan and Methodology (GHD 2017b) – which was based on the process outlined in 

Schedule 5a (Guideline on Ecological Risk Assessment) of the National Environment Protection 

(Assessment of Site Contamination) Amendment Measure 2013 (No. 1) (NEPC 2013).  

Review of the data collected as part of the DSI (GHD 2018a) indicates that the following 

exceedances of relevant ecology based assessment levels were recorded: 

 PFAS soil concentrations exceeded the National Environmental Management Plan 

(NEMP 2018) assessment level for direct exposure of ecology to soil in Source Area A 

(fire training area), Source Area B (former fire training areas) and Source Area D. It is 

noted that sensitive ecological receptors were not identified in Source Area D.  

 PFAS soil concentrations exceeded the NEMP 2018 indirect exposure assessment level 

(i.e. the concentration in soil that is expected to protect against potential impacts on 

freshwater ecology) in Source Area A (fire training area), Source Area B (former fire 

training areas), Source Area C (Hangar 93 and foam disposal pit), Source Area D 

(grounds maintenance area), Source Area F (fitter’s workshop) and Source Area J.   
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 Surface water samples collected from Ellen and Ki-it Monger Brooks exceeded the 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality – technical 

draft default guidelines  fresh water 95% species protection level (NEMP 2018). Surface 

water samples collected from the on-Site drainage channels exceeded the 80% species 

protection level. 

 Fish and crustacean samples collected from Ellen and Ki-it Monger Brooks exceeded the 

Draft Canadian Federal Environmental Quality Guidelines (CFEQG 2017) assessment 

level for avian consumption.  

 Terrestrial invertebrate and flora samples collected from Source Area A (fire training area) 

and Source Area B (former fire training areas) exceeded the Draft CFEQG (2017) 

assessment levels for avian and mammalian consumption  

Sensitive ecological receptors, including birds foraging on the ground surface, were observed in 

Source Area A (fire training area) during the DSI. Source Area B is located within a Bush 

Forever area (i.e. an Ecologically Sensitive Area under Section 51B of the Environmental 

Protection Act 1986). Ellen and Ki-it Monger Brooks are Conservation Category wetlands and 

receive surface water run-off from the Site. Other portions of the Investigation Area that feature 

sensitive ecology (including Twin Swamps Nature Reserve) were not found to contain PFAS at 

concentrations above the relevant assessment levels in the media sampled and tested.  

Given the exceedances of ecology based assessment levels in soil, surface water and lower 

order biota, an ERA was required to assess risks to higher order consumers within areas where 

sensitive ecological receptors were identified, namely, Source Area A, Source Area B and Ellen 

and Ki-it Monger Brooks. 

1.1 Previous reports 

Forty-six environmental reports are known to have been prepared for the Site dating back to 

1992 that are documented in the Defence Contaminated Sites Register CSR. However, only the 

following reports relate to historical fire training/fighting activities and use or storage of AFFF 

and have been reviewed to inform this project.  

 HLA (2005), Stage 1 Environmental Investigation RAAF Base Pearce, Western Australia, 

(Ref: D1022801_PEARCERPT_24June05); 

 Earth Tech (2007), RAAF Base Pearce and 3TU Stage 2 Environmental Investigation, 

Final (Ref: job number 88892); 

 Aurecon (2010) Environmental Review of Fire Fighting Training and Facilities, RAAF 

Base Pearce; 

 ERM (2013), RAAF Base Pearce Bullsbrook, WA Stage 2 Environmental Investigation, 

(Ref: 0149566RP15_FINAL) dated 13 March 2013, 0419566RP15_Final; and 

 AECOM (2016), Regional Water Quality Monitoring Report dated 4 May 2016 (Doc No. 

60343640_NA10272 WA Region Water Quality_Rev A_18042016). 

A summary of these reports is provided in GHD’s PSI Report (GHD 2016c).  

The following GHD reports are part of the Stage 1, Stage 2 and Stage 3 investigations: 

 GHD (2016a) RAAF Base Pearce PFAS Investigation Off-site Bore Sampling Factual 

Report, July 2016. 

 GHD (2016b) Water Use Survey RAAF Base Pearce - Bullsbrook, WA, Report of 

Findings, August 2016. 
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 GHD (2016c) RAAF Base Pearce PFAS Investigation Preliminary Site Investigation, 

September 2016. 

 GHD (2016d) RAAF Base Pearce PFAS Investigation Sampling Analysis and Quality 

Plan, September 2016. 

 GHD (2016e) RAAF Base Pearce PFAS Investigation On-site Soil, Sediment and Surface 

Water Sampling Factual Report, October 2016. 

 GHD (2017a) RAAF Base Pearce PFAS Investigation Off-site Brooks - Surface Sediment, 

Surface Water and Biota Sampling Factual Report, January 2017. 

 GHD (2017b) RAAF Base Pearce PFAS Investigation Human Health and Ecological Risk 

Assessment Plan and Methodology, February 2017. 

 GHD (2017c) RAAF Base Pearce PFAS Investigation Conceptual Site Model, February 

2017 

 GHD (2017d) RAAF Base Pearce PFAS Investigation Downstream Ellen Brook Sediment 

and Surface Water Sampling Report, June 2017 (Draft) 

 GHD (2017e) RAAF Base Pearce PFAS Investigation Detailed Site Investigation, June 

2017 (Draft). 

 GHD (2017f) RAAF Base Pearce PFAS Investigation Ecological Investigations, October 

2017 (Draft). 

 GHD (2017g) RAAF Base Pearce PFAS Investigation Phase II Sampling Analysis Quality 

Plan, November 2017  

 GHD (2018a) RAAF Base Pearce PFAS Investigation Consolidated Detailed Site 

Investigation Report, July 2018  

 GHD (2018b) RAAF Base Pearce PFAS Investigation Human Health Risk Assessment 

Consolidated Report, July 2018  

 GHD (2018c) RAAF Base Pearce PFAS Investigation Groundwater Modelling Report, 

July 2018  

1.2 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 

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, 
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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. 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 

generally comprised the largest proportion of the suite of PFAS chemicals tested as part of this 

program.   

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.  

1.3 Objectives 

The primary objective of the ERA component of the HHERA is to evaluate the potential long-

term risks to terrestrial and aquatic populations that have the potential to be exposed to the 

identified elevated PFAS concentrations.  

To this end, the ERA has sought to: 

 build on data collected to date to enable assessment of the potential impacts to terrestrial 

and aquatic ecosystems of exposure to PFAS in water, soil and sediments; and 

 assess the risks to higher order predators (aquatic and terrestrial) from the 

bioaccumulation of PFAS through the food-chain. 

PFOS, PFHxS and PFOA have been selected as the focus of this ERA, as the majority of 

available toxicity data, peer-reviewed literature and regulatory endorsed guidelines have 

focussed on these chemicals. However, to take into account unknown risks from cumulative 

exposure to other PFAS species, the results for all PFAS species have been considered and 

are discussed qualitatively within this document.  

1.4 Framework  

Health and environmental risk assessments in Australia follow the methodology outlined in the 

National Environmental Protection Council (1999) National Environment Protection 

(Assessment of Site Contamination) Amendment Measure 2013 (No. 1) (NEPC 2013).   

The Ecological Risk Assessment (ERA) component has been undertaken in accordance with 

the approach and guidance recommended in the following references: 

 Australian and New Zealand Environmental and Conservation Council and Agriculture 

and Resource Management Council of Australia and New Zealand (2000) Australian and 

New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & ARMCANZ 

2000); and 

 NEPC (2013) Schedule B5a, Guideline on Ecological Risk Assessment. 
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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 1.3 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 

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 adopting the following basis for assessment and assumptions: 

 The current use of the Site and within 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 and reported in the Consolidated DSI (GHD 2018a) 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 

reviewed and were deemed appropriate at the time of the assessment and were 

appropriate for each sample matrix. 
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 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 are the focus of this report. 
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2. Site description  

2.1 Site layout 

The site layout is presented as Figure 1. 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 

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. 

2.1.1 Surrounding land use 

As shown on Figure 1, land uses surrounding the Site include the following: 

 North: vacant Commonwealth land, the former 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: residential properties (West Bullsbrook), rural residential including paddocks and 

Commonwealth Land currently leased as pastoral land (referred to as Lot 200).   

2.2 Environmental setting 

2.2.1 Topography and site drainage 

The topography at the Site is generally flat with an 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 (refer to Figure 

2).   

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 

merging with Ellen Brook approximately 200 m beyond the southern Site boundary (refer to 

Figure 1 and Figure 3).  

The Site comprises three principal drainage catchments (refer to Figure 3):  
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 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. 

At times during 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. It is unlikely that this pooled 

water will support aquatic ecosystems that will provide prey organisms for higher order 

consumers. 

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, it is believed that this inundation is the result of overflow from Ellen Brook 

during or following heavy rainfall events.   

2.2.2 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 

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 bgl. 

In general, the drilling conducted during this DSI (GHD 2018a) confirmed the geology presented 

in previous reports. 

2.2.3 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; 
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 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 (GHD 2018a) are presented on Figure 6 and Figure 7. Interpretations 

of the identified hydrogeological features within the Investigation Area are shown in cross 

sections presented in Figure 8a and Figure 8b. The transects that the cross-sections represent 

are presented on Figure 6. 

2.2.4 Surface water 

Nationally Important Wetlands 

The Ellen Brook Swamps System (part of Twin Swamps Nature Reserve), a Nationally 

Important Wetland is approximately 2.7 km south of the Site at its closest point, downstream 

along the Ellen Brook and its tributaries (refer to Figure 1 and Figure 9). This reserve supports 

the critically endangered Western Swamp Tortoise (Pseudemydura umbrina) which is potentially 

susceptible to changes in water quality from groundwater, runoff and upstream drainage input. 

However, the key water quality parameters measured by GHD during the investigation program 

(Table 1) suggest that there is limited connection between Ellen Brook and the Twin Swamps 

Nature Reserve within the Ellen Brook Swamps System. Information provided by the 

Department of Biodiversity, Conservation and Attractions (DBCA) suggests that groundwater 

abstracted from bores within the reserve is used to maintain appropriate water levels within the 

swamp to support the habitat of the Western Swamp Tortoise. Groundwater gauging and 

sampling completed throughout the Investigation Area as part of the DSI (GHD 2018a) indicates 

limited potential for impacted groundwater to migrate from the Site to the Twin Swamps Nature 
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Reserve. Furthermore, if contaminated groundwater had been continually used in the system, it 

would have been detected in the surface water. Therefore, the results in Table 1 indicate that 

neither surface water from Ellen Brook nor groundwater used for maintaining sufficient water 

levels are likely to be contributing PFAS to the Twin Swamps Nature Reserve within the Ellen 

Brook Swamp System.  

Table 1 Water quality data for Ellen Brook Swamps System  

Analyte Twin Swamps Nature Reserve Ellen Brook SW291 

TS01 TS02 April 2017 August 2017 

Surface water 

pH 7.66 7.25 7.27 7.23 

EC µS/cm 748 712 1,227 1,291 

PFOA µg/L <0.002 <0.002 0.016 0.006 

PFOS µg/L <0.002 <0.002 0.228 0.035 

PFOS + PFHxS 

µg/L 

<0.002 <0.002 0.405 0.045 

Sediments 

PFOA mg/kg <0.0002 <0.0002 <0.0002 <0.0002 

PFOS mg/kg <0.0002 <0.0002 0.0012 0.0002 

PFOS + PFHxS 

mg/kg 

<0.0002 <0.0002 0.0014 0.0002 

1: Data from SW29 used as this is the closest Ellen Brook sampling location to the Ellen Brook Nature 

Reserve.  

The results of water and sediment samples taken from the Ellen Brook Swamp System show 

that PFAS were below laboratory detection limits, suggesting limited influence of surface water 

from Ellen Brook on the Ellen Brook Swamp System. There is also no evidence of the use of 

contaminated groundwater impacting on the sediments within the Twin Swamps Nature 

Reserve. 

Geomorphic wetlands 

A search using the Perth Groundwater Atlas (DoW 2016a) indicates that there are a number of 

multiple use, resource enhancement and conservation category geomorphic wetlands situated 

on the Site and within the Investigation Area, as shown on Figure 9.  

The majority of the off-Site portion of the Investigation Area is classified as a multiple-use 

wetland. Multiple-use wetlands are defined as having few important ecological attributes and 

functions remaining (Waters and Rivers Commission 2001), which is consistent with the highly 

modified nature of the area (which includes land used for commercial/industrial, medium-density 

residential, rural-residential and grazing purposes).   

There are two resource-enhancement wetlands within the Investigation Area. Resource 

enhancement wetlands are defined as those which have been partially modified though still 

support ecological functions and attributes (Waters and Rivers Commission 2001). One of these 

wetlands is associated with the bushland adjacent to the eastern Site boundary (i.e. 

hydraulically up-gradient from the Site). The other is associated with the creek that traverses Lot 
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200, which was sampled as part of the DSI (GHD 2018a) and has been considered as part of 

this ERA.  

Within the Investigation Area, there are approximately 19 conservation category wetlands. 

Conservation category wetlands are defined as supporting a high level of ecological attributes 

and functions (Waters and Rivers Commission 2001). The majority of these wetlands are either 

areas of bushland on the Site, such as those within Source Area B, or are associated with Ellen 

Brook and Ki-it Monger Brook or Twin Swamps Nature Reserve. These areas have been 

considered in the ERA based upon sediment, surface water and biota data collected as part of 

the DSI (GHD 2018a).  

Both Ellen Brook and Ki-it Monger Brook receive surface water run-off from the Site via the Site 

drainage channels.   

2.2.5 Conservation reserves and managed land 

The nearest reserve is Twin Swamps Nature Reserve, managed by the Department of 

Biodiversity, Conservation and Attractions (DBCA), which is approximately 2.7 km from the 

southern boundary of the Site. The reserve is within the Ellen Brook Swamps System, a 

Nationally Significant Wetland. Sampling completed within the reserve as part of the DSI (GHD 

2018a) was not indicative of PFAS impacts to the reserve having occurred, as discussed in 

Section 2.2.4.  

Ellen Brook Nature Reserve is present approximately 7 km downstream of the southern Site 

boundary and surrounds a portion of Ellen Brook (refer to Figure 9). Based on information 

provided by the DBCA, GHD understands that the Reserve was established to assist with the 

conservation of the critically endangered Western Swamp Tortoise. Surface water sampling 

conducted as part of the DSI (GHD 2018a) identified PFOS within surface water of the portion of 

Ellen Brook that traverses the Reserve at concentrations of 0.228 µg/L and 0.035 µg/L in April 

2017 and August 2017 respectively. As a result, risks posed to the Western Swamp Tortoise as 

a result of PFAS exposure have been considered as part of this ERA.  

2.2.6 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 9. 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. 

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 and Source Area A, where birds were 

observed foraging on the ground, to obtain data to inform the ERA. The report on the ecological 

survey (GHD, RAAF Base Pearce PFAS Investigation Ecological Investigations, October 2017) 

is presented in Appendix F. The scope of work completed as part of the survey included:  

 A desktop review of publically available information and relevant reports commissioned 

by the Department of Defence to assist in survey design. 

 A site visit of the survey area during spring 2017 to: 

– Identify, describe and map the dominant vegetation units and fauna habitat types 

present within Source Area A and Source Area B. 

– Identify and record the dominant flora species including any Threatened or Priority 

Flora, and introduced (weed) species. 
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– Identify and record fauna species including the presence/potential presence of any 

Threatened or Priority fauna, and feral species, or suitable habitat that these species 

may utilise. 

– Sample in triplicate, terrestrial invertebrates and terrestrial vegetation identified as 

feed for herbivores, and fresh vertebrate scats. 

– Visually inspect Ellen and Ki-it Monger Brooks to record vertebrate fauna species 

present within the brooks. 

 Based on species observed, identify the potential movement of PFAS through the food 

web. 

 Preparation of an Ecological Report (Appendix F) that documents the methods and 

results of the field survey 

The results of the ecological survey showed that no Environment Protection and Biodiversity 

Conservation Act (EPBC Act) or Wildlife Conservation Act listed flora were recorded within 

Source Area A or Source Area B. Additionally, no Priority flora as listed by the DBCA or other 

significant flora (EPA 2016a) were recorded during the field survey in the areas assessed.  

Prior to the 2017 ecological survey, there were limited fauna studies conducted at the Site. A 

desktop study was conducted in 2006 (GHD 2006) which identified habitat suitable for four 

species that are gazetted by the EPBC Act. These include: 

 Calyptorynchus baudinii (Baudin’s Black Cockatoo): Endangered; 

 Calyptorynchus latirostris (Carnaby’s Black Cockatoo): Endangered; 

 Dasyurus geoffroii (Chuditch): Vulnerable; and 

 Pseudemydura umbrina (Western Swamp Tortoise): Critically Endangered.  

Baudin’s Black Cockatoo and Carnaby’s Black Cockatoo 

During the 2017 field survey neither the Baudin’s Black Cockatoo1 nor the Carnaby’s Black 

Cockatoo2 were observed on- or off- Site, but it is likely that these conservation significant 

species (and other bird species) would utilise the areas opportunistically. However, the risks to 

the Galah (which was identified within the Investigation Area and hence assessed as part of the 

ERA) are considered likely to also be representative of the risk profile associated with the Black 

Cockatoos (if present), as the Galah is known to feed at Source Area B. Indeed, the Black 

Cockatoos would typically feed on seeds present in the canopy, whereas the Galahs feed 

mainly on the ground and therefore Galahs will have a potentially higher exposure due to soil 

ingestion. Even though the Black Cockatoo species are larger than the Galah (average adult 

weight: Baudin’s Black Cockatoo: 620 g and Carnaby’s Black Cockatoo: 630 g), the use of a 

Galah as a representative granivorous avian is considered to provide a relatively conservative 

estimate of potential PFAS exposure to Black Cockatoo species (if such species were indeed 

ultimately present) due to the differences in feeding regimes. This is further supported by the 

Galah having a higher ingestion rate to body weight ratio (Appendix G) of 0.338 kg WW/kg 

BW/day when compared to the Baudin’s Black Cockatoo and  Carnaby’s Black Cockatoo which 

have ingestion rate to body weight ratios of 0.278 kg WW/kg BW/day and 0.279 kg WW/kg 

BW/day respectively.  

Chuditch 

The occurrence of the Chuditch (Dasyurus geoffroii) on-Site is unlikely due to the openness of 

the surrounding area and the presence of foxes. Further, there were no indications of its 

                                                      
1 http://museum.wa.gov.au/explore/online-exhibitions/cockatoo-care/baudins-cockatoo 
2 http://www.birdsinbackyards.net/species/Calyptorhynchus-latirostris 
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presence observed during the 2017 ecological survey such as diggings, scats, burrows or 

hollow trees of sufficient size (>30 cm3) that could be used as shelter. This assumption is 

supported by the GHD (2006) findings that no recent recorded sightings of the species were 

made to that time or subsequently. The Defence Regional Environmental Officer (REO) advised 

that the presence of the species on the Site is questionable and that remaining remnant 

bushland would be unsuitable for sustaining the species as the species is known to have a large 

home range (15 km2 for males and 3-4 km2 for females in an area inhabited by foxes3) to 

support its carnivorous feeding habit.  Notwithstanding, given its vulnerable status, the chuditch 

has been assessed as part of the ERA.  

Western Swamp Tortoise 

The Western Swamp Tortoise (Pseudeydura unbrina) is a Critically Endangered species 

(Commonwealth Environment Protection and Biodiversity Conservation Act 1999) that inhabits 

shallow, ephemeral swamps with nearby areas suitable for aestivating (Burbidge et al. 2010). 

The Western swamp tortoise lays its eggs in underground nests, these eggs hatch the following 

winter when sufficient food is available. The tortoise aestivates (i.e. goes dormant) in naturally 

occurring holes in the clayey soil of Ellen Brook Nature Reserve and under leaf litter or fallen 

branches of the Twin Swamps Nature Reserve.   

The tortoise is a Critically Endangered species (Commonwealth Environment Protection and 

Biodiversity Conservation Act 1999) and captive-bred populations have reportedly been re-

introduced into both the Ellen Brook Nature Reserve and in the Twin Swamps Nature Reserve 

since 1994 (including as recently as August 2018). Indeed, Ellen Brook Nature Reserve is the 

best known habitat for the species globally (Thomas, Lisa “Critically endangered tortoises 

released into Ellen Brook Nature Reserve for study”, The Advocate 27 August 2018).  

No evidence of the Western Swamp Tortoise or a suitable habitat, such as shallow ephemeral 

winter-wet swamps on clay or sand over clay soils, for the tortoise was observed on-Site during 

the 2017 ecological survey or the biota sampling conducted in Ellen Brook and Ki-It Monger 

Brook during 2016 as part of the DSI (GHD 2018a). However, as discussed above, suitable 

habitat is found to the south of the Site, in Twin Swamps Nature Reserve and Ellen Brook 

Nature Reserve (refer to Figure 9).  As the Western Swamp Tortoise is known to occur in these 

areas and PFAS was detected within the surface waters of Ellen Brook Nature Reserve (refer to 

Section 2.2.5), the tortoise has been assessed as part of the ERA.   

2.2.7 Aquatic fauna 

The Western Australian Department of Water (DoW) monitored Ellen Brook between 2008 and 

2012 at sites 8 km upstream and 10 km downstream of the Site. The data provided from the 

DoW shows that Nightfish (Bostockia porosa) and the Western Pygmy Perch (Nannoperca 

vittata) were the most common fish species in Ellen Brook during this time, with the Western 

Minnow (Galaxias occidentalis) and Gambusia (Gambusia holbrooki) also present in lower 

numbers. Other fish species collected between 2008 and 2012 in Ellen Brook at these sites 

included the Swan River Goby (Pseudogobius olorum), and the Goldfish (Carassius auratus). 

The Gilgie (Cherax quinquecarinatus) was the only crustacean present in the creek upstream 

and downstream of the Site during that monitoring program with numbers increasing from 2008 

to 2012. The historical information from the DoW provides confidence that the species sampled 

in this program are representative of species found in the waterway.  

                                                      
3 https://www.dpaw.wa.gov.au/images/documents/conservation-management/pests-
diseases/chuditch_2012.pdf 
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Based on information provided by the DBCA, GHD understands that isolated populations of the 

Mud Minnow (Galaxia munda) and Carter’s Freshwater Mussel (Westralunio carteri) occur in 

Ellen Brook  however, these species were not observed during the aquatic biota sampling 

program completed as part of the DSI (GHD 2018a). 
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3. Overview of ERA 

As outlined in Section 1.4, GHD has conducted an ERA following the approach defined in 

NEPC (2013) Schedule B5a, as shown in Figure A. This approach is an iterative process that 

takes into account the following aspects:  

 identification of the ecological receptors of concern; 

 estimation of the concentrations of the contaminants of concern to which the ecological 

receptors may be exposed; 

 consideration of any toxicity modifying or toxicity enhancing capacity of the receiving 

environment; 

 determination if ecological receptors may be at risk; and 

 application of a multiple lines of evidence approach to assess risk.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A ERA Approach (NEPC 2013) 

This process can be refined as additional data becomes available. By revisiting the ERA and 

including additional data, identified uncertainties will be reduced and it will also reduce the need 

for adopting conservative assumptions within the risk assessment matrix. This process is further 

defined in Figure B.  

Problem Identification 

Receptor Identification  

Exposure 
Assessment 

Toxicity Assessment 

Risk Characterisation 
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Level 1 
Ecological 
Risk 
Assessment 

Level 2 and 
3 Ecological 

Risk 
Assessment

Problem and Receptor Identification
Review and analysis of relevant site data

Development of preliminary conceptual site model to identify potential ecological receptors / ecosystems
Selection of appropriate PFAS investigation criteria that are protective of identified ecological ecosystems

Comparison of reported PFAS concentrations in environmental media to investigation criteria

Concentrations above selected PFAS 
investigation criteria

Concentrations below selected PFAS 
investigation criteria

Investigation elevated to higher 
level risk assessment 

Generally, chemicals are not further 
assessed in the risk assessment

Qualitative Risk Assessment
Qualitative evaluation of potential risks to identified receptors based on the preliminary CSM. The result of this assessment 

is to provide recommendations for risk management or elevate to the next level of risk assessment

Refinement of the Conceptual Site Model
Update the conceptual site model to further define and characterise the ecosystem, potential ecological receptors and pathways

Toxicity Assessment
Review qualitative /quantitative information

Assess dose – response relationship
Identify species specific toxicity

Exposure Assessment
Identification of exposed populations

Identification of complete exposure pathways

Risk Characterisation 
Characterise the potential for adverse effects to occur to a species or ecosystem using a weight of evidence approach

Evaluate the uncertainty in the data and assumptions adopted

Risk Management
Future management or mitigation options can be determined based on the findings of the risk characterisation

 

Figure B Ecological risk assessment process 

3.1 Problem identification 

The problem identification stage involved review and assessment of soil, sediment, surface 

water, groundwater and biota data collected to date as part of the DSI (GHD 2018a).  

3.1.1 DSI Summary 

The finding of the DSI are detailed within the Consolidated DSI report (GHD 2018a) and are 

summarised below. Summary tables showing the data collected during the DSI are presented in 

Appendix B. The DSI sampling locations for soil, sediment and surface water, groundwater and 

biota are presented on Figure 10 to Figure 13.  

Site characteristics 

 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 Nature Reserve 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). 
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 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 (the RAAF Pearce landfill), groundwater flow is more westerly.  

 The groundwater and surface water level data obtained suggests that Ellen Brook is both 

receiving from and discharging to groundwater depending on factors such as location, 

rainfall event and the time of year. 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.   

Source Areas 

 There are six Source Areas (refer to Figure 1) where PFAS was detected in soil or 

groundwater at concentrations exceeding the adopted health based assessment levels 

(FSANZ 2017 and NEMP 2018). 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 

– Source Area D – Grounds maintenance area 

– Source Area J – Former fuel farm; and 

– Source Area R – RAAF Pearce landfill. 

 The highest soil concentrations were recorded in Source Areas A (a maximum PFOS plus 

PFHxS concentration of 81.5 mg/kg), B (a maximum PFOS plus PFHxS concentration of 

30.1 mg/kg) and D (a maximum PFOS plus PFHxS concentration of 315 mg/kg). 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 is 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.   

 PFAS soil concentrations exceeded the NEMP (2018) assessment level for direct 

exposure of ecology to soil in Source Area A (fire training area), Source Area B (former 

fire training areas) and Source Area D.  

 PFAS soil concentrations exceeded the NEMP 2018 indirect exposure assessment level 

(i.e. the concentration in soil that is expected to protect against potential impacts on 

freshwater ecology) in Source Area A (fire training area), Source Area B (former fire 

training areas), Source Area C (Hangar 93 and foam disposal pit), Source Area D 

(grounds maintenance area), Source Area F (fitter’s workshop) and Source Area J.   
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Surface water and sediment 

 PFOS, PFHxS and PFOA were detected in surface waters of the on-Site drainage 

channels and the receiving Ellen Brook and Ki-it Monger Brook at concentrations 

exceeding the adopted assessment levels (FSANZ 2017 recreational water use; 0.7 µg/L 

PFOS plus PFHxS and fresh water 95% species protection; 0.13 µg/L PFOS).   

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

Within Ellen Brook, PFOS plus PFHxS concentrations exceeded the health based 

assessment level (FSANZ 2017 recreational water use; 0.7 µg/L PFOS plus PFHxS) up 

to approximately 900 m downstream of the Site. PFOS concentrations exceeded the 

ecology based assessment level Australian and New Zealand Guidelines for Fresh and 

Marine Water Quality – technical draft default guidelines fresh water 95% species 

protection; 0.13 µg/L PFOS) 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 and therefore, the 

significance of the sediment concentrations will be assessed as part of the HHERA.   

 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 a significant pathway.  

Groundwater on-Site 

 The highest groundwater concentrations were recorded in Source Areas A, B, C, D, J and 

R. Potential Source Areas F, K, N and S also had detectable concentrations of PFOS 

plus PFHxS in groundwater which were below the FSANZ (2017) health based guidance 

values for recreational use (0.7 µg/L PFOS plus PFHxS), though were greater than the 

health based guidance values for drinking water (0.07 µg/L PFOS plus PFHxS).  

 Where perched groundwater occurs, PFAS concentrations in the perched groundwater 

were higher than in the underlying regional superficial aquifer. This is evident in particular 

within Source Area A. It should be noted that the groundwater investigation component of 

the DSI focussed on impacts to the regional superficial aquifer, as this is the aquifer from 

which groundwater users are abstracting water.   

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

gradient Site boundary did not detect PFAS above the laboratory limit of reporting (LOR). 

There were only three PFAS detections at down-gradient boundary wells, namely 

BW_MW22S (a maximum PFOS plus PFHxS concentration of 0.87 µg/L), GM_MW39 (a 

PFOS plus PFHxS concentration of 2.27 µg/L) and BW_MW18 (a maximum PFOS plus 

PFHxS concentration of 0.06 µg/L).   

 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 Bullsbrook 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.   
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Groundwater off-Site 

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

Concentrations of PFOS plus PFHxS exceeded the drinking water assessment level in 

five of these with a 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. It must be noted that at the request of some residents, specific data 

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

presented in this ERA report. 

 The most likely mechanisms by which the PFAS has migrated to the private bores in the 

West Bullsbrook residential area are considered to be primarily the discharge of impacted 

surface water from Ellen Brook to the underlying groundwater, particularly following heavy 

flood events and secondarily, groundwater migration from the Site. This conclusion is 

supported by the 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 two private bores.   

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 health based assessment levels in the fish samples (FSANZ 2017 finfish trigger 

level for PFOS plus PFHxS; 0.0052 mg/kg) though not within crustacean samples. PFOS 

concentrations were below the adopted ecology based assessment level in both fish and 

crustacean samples. 

 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.  

 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 one egg 

sample which contained PFOS plus PFHxS at a concentration below the adopted health 

based assessment level (FSANZ 2017 poultry egg trigger level; 0.011 mg/kg PFOS plus 

PFHxS).   

3.1.2 ERA Requirement 

Review of the data collected as part of the DSI (GHD 2018a) indicates that the following 

exceedances of relevant ecology based assessment levels were recorded: 

 PFAS soil concentrations exceeded the (NEMP 2018) assessment level for direct 

exposure of ecology to soil in Source Area A (fire training area), Source Area B (former 

fire training areas) and Source Area D. It is noted that sensitive ecological receptors were 

not identified in Source Area D.  
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 PFAS soil concentrations exceeded the NEMP 2018 indirect exposure assessment level 

(i.e. the concentration in soil that is expected to protect against potential impacts on 

freshwater ecology) in Source Area A (fire training area), Source Area B (former fire 

training areas), Source Area C (Hangar 93 and foam disposal pit), Source Area D 

(grounds maintenance area), Source Area F (fitter’s workshop) and Source Area J.   

 Surface water samples collected from Ellen and Ki-it Monger Brooks exceeded the 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality – technical 

draft default guidelines fresh water 95% species protection level, including within Ellen 

Brook Nature Reserve, which was established to assist with the conservation of the 

critically endangered Western Swamp Tortoise. Surface water samples collected from the 

on-Site drainage channels exceeded the 80% species protection level. 

 Fish and crustacean samples collected from Ellen and Ki-it Monger Brooks exceeded the 

Draft Canadian Federal Environmental Quality Guidelines (CFEQG 2017) assessment 

level for avian consumption.  

 Terrestrial invertebrate and flora samples collected from Source Area A (fire training area) 

and Source Area B (former fire training areas) exceeded the Draft CFEQG (2017) 

assessment levels for avian and mammalian consumption  

Sensitive ecological receptors, including birds foraging on the ground surface, were observed in 

Source Area A (fire training area) during the DSI. Source Area B is located within a Bush 

Forever area (i.e. an Ecologically Sensitive Area under Section 51B of the Environmental 

Protection Act 1986). Ellen and Ki-it Monger Brooks are Conservation Category wetlands and 

receive surface water run-off from the Site. Other portions of the Investigation Area that feature 

sensitive ecology (including Twin Swamps Nature Reserve) were not found to contain PFAS at 

concentrations above the relevant assessment levels in the media sampled and tested.  

Given the exceedances of ecology based assessment levels in soil, surface water and lower 

order biota, an ERA was required to assess risks to higher order consumers within areas where 

sensitive ecological receptors were identified, namely, Source Area A, Source Area B and Ellen 

and Ki-it Monger Brooks. 

3.2 Receptor identification  

Terrestrial and aquatic receptor identification requires the identification of local species, 

communities and ecological processes that are of ecological value. An ecological survey was 

conducted in Spring 2017 to identify potential receptors present in Source Area A, Source Area 

B and areas surrounding Ellen Brook and Ki-it Monger Brooks (refer to Section 2.2.6 and 

Appendix F).  

It is acknowledged that the ecological survey may not have identified all species that inhabit the 

targeted areas. However, the higher order species assessed in the ERA are considered suitably 

representative of the various trophic niches that would be present. In this respect, the ERA is 

considered to provide a sufficient understanding of the level of PFAS exposure to higher order 

consumers within the impacted areas. 

3.2.1 Ecological conceptual site model 

GHD developed a CSM as part of the Consolidated DSI report (GHD 2018a) which provides a 

conceptual understanding of the pathways via which identified receptors at the Site and 

surrounding areas may be exposed to PFAS.   

The scope of work undertaken to develop the CSM comprised the following: 

 assessment of the sources and extent of contamination; 
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 identification of known contaminant transport pathways; 

 compilation of information currently available with regard to ecological receptors at the 

Site and surrounding areas; and 

 determination of potentially complete exposure pathways. 

The identified ecological receptors may be exposed through one or more of the following 

exposure pathways: 

 direct contact and uptake of: 
 

– soil,  

– surface water and sediments,  

– groundwater; and 

 consumption of flora and fauna already affected from exposure to contaminated soil, 

groundwater, sediment and/or surface water.  

The ecological CSM is presented graphically as Figure 14.   

3.2.2 Potential ecological receptors 

Potential ecological receptors have been identified in Source Area A (fire training area) and 

Source Area B (former fire training areas) and in Ellen and Ki-it Monger Brooks, which receive 

PFAS impacted surface water run-off from the Site.  

Potential receptors and their trophic levels are summarised in Table 2.  

Table 2 Receptor trophic levels observed to be present  

Trophic level Description Considered further in the ERA 

Terrestrial receptors 

Plants This is considered to include 

the Australian native plant 

communities which make up 

the remnant vegetation 

patches present in Source 

Area B (Table 4) 

Yes – The assessment of toxicity to 

terrestrial plants has been undertaken 

by qualitative comparison of soil data 

with assessment criteria  

Invertebrates This includes slaters, spiders, 

earthworms and 

grasshoppers which live in 

the active layer of soil in 

terrestrial environments from 

Source Area A and Source 

Area B. Bees are also 

included in the Source Area B 

investigation. 

Yes –The assessment of toxicity to 

terrestrial invertebrates has been 

undertaken by qualitative comparison of 

soil data with assessment criteria. 

Vertebrates 

(Mammals) 

This includes Fox, Rabbit, 

Western Grey Kangaroo and 

Southern Brown Bandicoot 

observed in the Ecological 

Investigations 

Dogs are known to swim in 

the drains on-Site and may 

Yes – The assessment of toxicity to 

higher order consumers in Source Area 

A and Source Area B has been 

considered.  Fox may eat yabbies and 

fish opportunistically off-Site 
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Trophic level Description Considered further in the ERA 

ingest surface water during 

swimming. 

Vertebrates 

(Omnivorous 

birds) 

This includes the Pacific 

Black Duck and the Wood 

Duck that feed on aquatic 

plants, small crustaceans, 

molluscs and aquatic insects.  

Yes – biomagnification is considered to 

be potentially occurring in this trophic 

level, and therefore risks to these 

receptors haves been assessed using 

semi- quantitative food web modelling. 

Vertebrates 

(Granivorous 

birds) 

This includes the Galah, 

Baudin’s Black Cockatoo and 

Carnaby’s Black Cockatoo 

that feed on seeds.  

Yes – biomagnification is considered to 

be potentially occurring in this trophic 

level, and therefore risks to these 

receptors haves been assessed using 

semi- quantitative food web modelling. 

Vertebrates 

(Insectivorous 

birds) 

This includes the willie wagtail 

and Yellow Rumped Thornbill 

that feed on insects living on 

the ground and fantails that 

are canopy feeders  

Yes – biomagnification is considered to 

be potentially occurring in this trophic 

level, and therefore risks to these 

receptors haves been assessed using 

semi- quantitative food web modelling. 

Vertebrates 

(Nectivorous 

birds) 

This includes the Brown 

Honeyeater and Western 

Wattlebird that are regional 

nectivorous species 

Yes - biomagnification is considered to 

be potentially occurring in this trophic 

level, and therefore risks to these 

receptors haves been assessed using 

semi- quantitative food web modelling. 

Vertebrates   

(Livestock: horses 

and cattle) 

Livestock present in the 

paddock to the west of Site 

are known to utilise Ellen 

Brook as a water source.  

Yes - biomagnification is considered to 

be potentially occurring in this trophic 

level, and therefore risks to these 

receptors haves been assessed using 

semi- quantitative food web modelling. 

Police dogs Police dogs are exercised in 

the drainage channels 

adjacent to Source Area B on 

a routine basis. 

Yes - biomagnification is considered to 

be potentially occurring in this trophic 

level, and therefore risks to these 

receptors haves been assessed using 

semi- quantitative food web modelling. 

Aquatic receptors 

Plants This group includes 

photosynthetic organisms 

found growing on the surface 

of waterbodies or immersed 

within the water column. 

Yes – assessment of direct toxicity to 

aquatic plants has been undertaken by 

qualitative comparison of surface water 

concentrations against aquatic 

assessment criteria. 

Invertebrates This includes benthic 

invertebrates and bottom 

dwelling filter feeders. 

Yes – assessment of direct toxicity to 

aquatic invertebrates has been 

undertaken by quantitative comparison 

of surface water concentrations against 

aquatic assessment criteria. 

Vertebrates (fish) This includes all aquatic 

vertebrate species including 

pelagic herbivores, benthic 

Yes – assessment of direct toxicity to 

aquatic vertebrates has been 

undertaken by quantitative comparison 

of surface water concentrations against 
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Trophic level Description Considered further in the ERA 

omnivores and carnivorous 

fish. 

aquatic assessment levels in Ellen 

Brook and Ki-it Monger Brook. 

Vertebrates 

(Amphibian) 

This includes frogs observed 

during the Ecological 

Investigations 

Yes – The frogs identified in the 

Ecological Investigation are 

insectivorous. Insect data is used from 

on-Site data but this will over- estimate 

the risk. 

Vertebrates 

(Piscivorous 

Birds)  

This includes aquatic 

organisms whose primary diet 

is fish and other aquatic 

vertebrates 

Yes – biomagnification is considered to 

be potentially occurring in this trophic 

level, and therefore risks to these 

receptors haves been assessed using 

semi- quantitative food web modelling. 

Vertebrates 

(Reptiles) 

This includes the Dugite (that 

will feed on small mammals, 

frogs and other reptiles) and 

other reptiles including the 

Western Swamp Tortoise. 

Yes – biomagnification is considered to 

be potentially occurring in this trophic 

level, and therefore risks to these 

receptors haves been assessed using 

semi- quantitative food web modelling. 

3.2.3 On-site receptors 

Within the on-Site PFAS impacted areas, Source Area A and Source Area B, several organisms 

are potential receptors for PFAS, as summarised below. Given the potential for PFOS and 

PFOA to bioaccumulate, the levels of these compounds in animal tissue may potentially 

increase at each stage of the food chain. 

 plants including grasses, which are consumed by higher order species (Table 3); 

 lower order animals such as earthworms and insects; and   

 higher order animals such as birds, rabbits, snakes and native marsupials (Table 4, Table 

5 and Table 6).  

Other ecological receptors include: 

 the Superficial groundwater aquifer and associated biota e.g. paperbarks4; and 

 surface water bodies (i.e. surface drains) and associated biota receiving surface water 

runoff from the Site. 

Terrestrial flora and fauna species observed during the ecological survey (GHD 2017f) within 

the PFAS impacted areas, Source Area A (fire training area) and Source Area B (former fire 

training areas), are listed in Table 3. Selected fauna species that are considered representative 

of specific feeding niches are shown in Table 4 and Table 5. 

                                                      
4 A detailed evaluation of the PFAS exposure to floral species that may be associated with the 
presence of PFAS in the shallow aquifer has not been included in the ERA. The available ecotoxicity 
data indicates that PFOS is of relatively low toxicity to terrestrial plants, but the data set is very limited 
and does not address large trees (refer to Section 4.1). The data collected in the DSI also indicates 
that perched groundwater underlying the site is discontinuous  
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Table 3 Flora species list and locations 

Family Taxon Source 

Area A 

Source 

Area B 

Ki-it 

Monger 

& Ellen 

Brook 

Araceae Zantedeschia aethiopica 
  

X 

Asparagaceae Laxmannia sp. 
 

X 
 

Asteraceae Arctotheca calendula X 
 

X 
 

Cotula turbinata X 
  

 
Hypochaeris glabra X 

  

Colchicaceae Burchardia multiflora 
 

X 
 

Cyperaceae Mesomelaena pseudostygia 
 

X 
 

Dilleniaceae Hibbertia hypericoides 
 

X 
 

Droseraceae Drosera menziesii 
 

X 
 

Fabaceae Acacia lasiocarpa 
 

X 
 

 
Acacia saligna 

 
X 

 

 
Gastrolobium spinosum 

 
X 

 

 
Sphaerolobium medium 

 
X 

 

 
Trifolium campestre var. campestre X 

  

Haemodoraceae Anigozanthos manglesii 
 

X 
 

Hemerocallidaceae Dianella revoluta 
 

X 
 

Iridaceae Orthrosanthus laxus 
 

X 
 

 
Sparaxis sp. 

 
X 

 

 
Watsonia sp. 

  
X 

Moraea Moraea flaccida X 
 

X 

Myrtaceae Corymbia calophylla 
 

X 
 

 
Eucalyptus rudis 

  
X 

 
Eucalyptus wandoo 

 
X 

 

 
Hypocalymma angustifolium 

 
X 

 

 
Melaleuca rhaphiophylla 

  
X 

 
Verticordia densiflora 

 
X 

 

Orchidaceae Caladenia flava 
 

X 
 

 
Caladenia sp. 

 
X 

 

 
Pterostylis sp. 

 
X 

 

 
Thelymitra crinita 

 
X 

 

Poaceae Cenchrus clandestinus 
  

X 
 

Eragrostis curvula 
 

X X 
 

Ehrharta calycina 
 

X 
 

 
Neurachne alopecuroidea 

 
X 

 

 
Poaceae  sp. X 

  

Restionaceae Desmocladus flexuosus 
 

X 
 

Xanthorrhoeaceae Xanthorrhoeaceae preissii 
 

X 
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Table 4 Selected receptors – Source Area A 

Species Common Name Feed 
type 

 Diet (Mostly) Habitat 1Body 
Wt. 

Birds 

Anas superciliosa Pacific Black Duck Ground Omnivorous Regional 1.135 
kg 

Cracticus tibicen Australian Magpie Ground Carnivorous Local 285 g 

Vanellus tricolor Banded Lapwing Ground Insectivorous Local 370 g 

Rhipidura leucophrys Willie Wagtail Ground Insectivorous Local 20 g 

Lichenostomus virescens Singing Honeyeater Canopy Nectivorous Local 26 g 

Amphibia 

Crinia glautieri Clicking Frog Ground Insectivorous Local 30 g 

Mammals 

Mus musculus House Mouse Ground Granivorous Local 19 g 

Dasyurus geoffroii 2Chuditch (male) Ground Carnivorous Regional 1.3 kg 

Dasyurus geoffroii 2Chuditch (female) Ground Carnivorous Regional 0.9 kg 

1Data references located in Appendix G 

2Species not observed, though included as a conservative measure given its vulnerable status. The male and female 

Chuditch were assessed separately due to their difference in body weight.  Body weight and habitat discussed in 

Section 2.2.6.  

Local: The species could forage largely within the general monitoring area, as sufficient habitat appropriate to the 

species is present (Source Area A: 12.4 Ha) 

Regional: Insufficient appropriate habitat is present within the general monitoring area and therefore the species is likely 

to forage more widely but to remain in the IA region (2,930 Ha) 

Table 5 Selected receptors – Source Area B 

Scientific Name Common Name Feed 
Type 

Diet (Mostly) Habitat 1Body wt. 

Birds 

Acanthiza chrysorrhoa Yellow-rumped 
Thornbill 

Ground Insectivorous Local 9 g 

Rhipidura leucophrys Willie Wagtail Ground Insectivorous Local 20 g 

Smicrornis brevirostris Weebills anopy Insectivorous Local 6 g 

Rhipidura albiscapa Grey Fantail Canopy Insectivorous Local 9 g 

Petrochelidon ariel Tree Martin Canopy Insectivorous Local 15 g 

Chalcites basalis Horsfield's Bronze 
Cuckoo 

Ground
/canopy 

Insectivorous Local 26 g 

Grallina cyanoleuca Mudlark Ground Insectivorous Local 92 g 

Coracina novaehollandiae Black-faced Cuckoo-
shrike 

 
Ground 
, aerial, 
canopy 

Insectivorous Local 112 g 

Elanus axillaris Black-shouldered Kite Aerial  Carnivorous Local 291 g 

Cracticus tibicen Australian Magpie Ground Carnivorous Local 285 g 

Falco cenchroides Nankeen Kestrel Aerial Carnivorous Local 172 g 

Anthochaera lunulata Western Wattlebird Canopy Nectivorous Local 63 g 

Lichmera indistincta Brown Honeyeater Canopy Nectivorous Local 11 g 

Eolophus roseicapillus Galah Ground Granivorous Local 337 g 

Reptiles 

Pseudonaja affinis Dugite Ground Carnivorous Local 530 g 

Menetia greyii Common Dwarf Skink Ground Insectivorous Local 10 g 
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Scientific Name Common Name Feed 
Type 

Diet (Mostly) Habitat 1Body wt. 

Tiliqua rugose Shingleback Ground Omnivorous Local 750 g 

Amphibia 

Crinia glautieri Clicking Frog Ground Insectivorous Local 30 g 

Mammals 

Vulpes Fox Ground Omnivorous Regional 5.5 kg 

Oryctolagus cuniculus 2Rabbit Ground Herbivorous Local 1.6 kg 

Macropus fuliginosus Western Grey 
Kangaroo 

Ground Herbivorous Local 34 kg 

Isoodon obesulus 
fusciventer 

Southern Brown 
Bandicoot 

Ground Omnivorous Local 1.0 kg 

Police Dog  3German Shepard   Carnivorous Regional  31 kg 

Dasyurus geoffroii 4Chuditch (male) Ground Carnivorous Regional 1.3 kg 

Dasyurus geoffroii 4Chuditch (female) Ground Carnivorous Regional 0.9 kg 

Receptors have been selected based on their feeding niche, habitat and size to provide representation of all niches 

present on-Site.  

1Data references located in Appendix G  

2Rabbits included based on the presence of scats in Source Area B 

3Police dogs have been included based on observations of swimming and drinking from the drainage channel adjacent 

to Source area B, up to twice a week for 30 minutes at a time. 

4Species not observed, though included as a conservative measure given its vulnerable status. The male and female 

Chuditch were assessed separately due to their difference in body weight. 

Local: The species could forage largely within the general monitoring area, as sufficient habitat appropriate to the 

species is present (Source Area B: 25.6 Ha) 

Regional: Insufficient appropriate habitat is present within the general monitoring area and therefore the species is likely 

to forage more widely Moves outside the monitoring area but to remains in the IA region (2,930 Ha) 

3.2.4 Off-site receptors 

Potential off-site receptors include: 

 The receiving surface water bodies down-gradient of the Site, notably, Ellen Brook and 

Ki-it Monger Brook; 

 Plants (Table 3) and fauna (Table 6) within Ellen and Ki-it Monger Brooks, including 

livestock that consume surface water from Ellen Brook; and 

 Flora and fauna within bushland adjacent to Ellen Brook and Ki-it Monger Brook that 

could potentially be affected by groundwater migration from the Site or surface water run-

off. 

The species listed in Table 6 include those observed in and adjacent to Ellen and Ki-it Monger 

Brooks during the ecological survey (GHD 2017f) that are considered representative of specific 

feeding niches.   

Table 6 Selected receptors– Ki-it Monger and Ellen Brooks 

Scientific Name Common Name Diet (mostly) Habitat 1Body wt. 

Birds 

Threskiornis spinicollis Straw-necked Ibis Insectivorous Local 1.3 kg 

Threskiornis molucca Australian White 
Ibis 

Insectivorous Local 1.95kg 
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Scientific Name Common Name Diet (mostly) Habitat 1Body wt. 

Anas superciliosa Pacific Black Duck Omnivorous Local 1.14 kg 

Chenonetta jubata Wood Duck Omnivorous Local 808 g 

Egretta modesta Great Egret Piscivorous Migratory          1.0 kg 

Egretta 
novaehollandiae 

White-faced Heron Piscivorous Migratory       550 g 

Reptiles 

Chelodina oblonga Oblong Tortoise Carnivorous Local 1.0 kg 

Pseudemydura 
umbrina 

2Western Swamp 
Tortoise 

Carnivorous Local 375 g 

Pseudonaja affinis Dugite Carnivorous Local 530 g 

Varanus tristis Black-headed 
Monitor 

Carnivorous Local 200 g 

Amphibia 

Crinia insignifera Squelching Frog Insectivorous Local 37.5 g 

Mammals 

Vulpes Fox Omnivorous Local 5.5 kg 

Equus caballus Horse Herbivorous Local 500 kg 

Bos taurus Cattle Herbivorous  Local 300 kg 

Dasyurus geoffroii 3Chuditch (male) Carnivorous Local 1.3 kg 

Dasyurus geoffroii 3Chuditch (female) Carnivorous Local 0.9 kg 

1Data references located in Appendix G 

2The Western swamp tortoise has been reintroduced to the Twin Swamps Nature Reserve and the Ellen Brook Nature 

Reserve.  

3Species not observed, though included as a conservative measure given its vulnerable status. The male and female 

Chuditch were assessed separately due to their difference in body weight. 

Local: The species could forage largely within the general monitoring area, as sufficient habitat appropriate to the 

species is present.  

Migratory: Moves outside of the region to other habitat areas: to calculate a conservative percentage habitat use, the 

species has been assumed to utilise the general monitoring area during times outside the breeding season (~6 months 

of the year)  

3.2.5 Ecological pathways and habitat size 

The Area Use Factor (AUF) is a food chain modelling input parameter that accounts for the size 

of the contaminated area relative to the size of the receptor’s home range. The most 

conservative assumption is that the receptor spends 100% of its time within the contaminated 

area (i.e. an AUF of 1). This value can be adjusted to any value between 0 and 1 if the receptor 

uses the site less than 100% of the time. 

A number of migratory avian species may use the off-Site brooks for a portion of the year. No 

site-specific studies have been conducted on the home ranges of migratory species and 

therefore it has been assumed that these species utilise the Ellen Brook and Ki-it Brook general 

monitoring area during times outside the breeding season (~6 months of the year). On this 

basis, an AUF of 0.5 has been adopted for all migratory avian species in this assessment.  

Both Source Area B and the Ellen and Ki-it Brook monitoring areas contain areas of valuable 

ecological habitat, with the potential to support a variety of avian and mammalian species. The 

majority of the indicator species for these areas have therefore been defined as local, whereby 

they have been assumed to utilise smaller areas that are closely related to static water bodies. 



 

28 | GHD | Report for Department of Defence  - RAAF Base Pearce PFAS Investigation, 61/33334  

For these species, it has been assumed that all food is sourced from the assessment area being 

evaluated and all drinking water is obtained from the nearest waterway or drain (i.e. an AUF of 1 

has been adopted). An exception to this is the chuditch, which is known to have a large home 

range (3-4 km2 for females and up to 15 km2 for males where foxes are present), with a wooded 

core area, characterised by the presence of large hollow logs to house their dens (Department 

of Biodiversity, Conservation and Attractions, 2017). Appropriate core habitat for the chuditch is 

not present with Source Area B and therefore AUF values of 0.07 and 0.02 have been 

calculated for females and males respectively, by dividing the spatial extent of Source Area B 

(25.6 ha) by the home range of these animals. 

In the dryer times of the year, both Ellen Brook and Ki-it Monger Brook may cease flow and 

consist of discrete pools. During these periods, the Oblong Tortoise, Squelching Frog, Black-

headed Monitor and Dugite may live primarily within access to individual pools, rather than to 

forage throughout the assessment area. These species have therefore been evaluated by 

assuming that they may obtain 100% of their dietary requirements from the individual static 

water bodies at each biota sampling site. The biota sampling sites have been selected as 

sufficient data (fish, crustacean, water and sediment) is available for inclusion into the food web 

model. 

Source Area A is primarily characterised by areas of mown grass and hardstand, in the vicinity 

of site buildings. This area has limited high quality habitat and the use of these areas is 

therefore likely to be limited to opportunistic feeding for identified species including the Pacific 

Black Duck and Chuditch. These species have therefore been defined as regional, for the 

purpose of defining AUF values. For the chuditch, AUF values consistent with Source Area B 

have been adopted. Black Ducks have been known to move from 100 km to >400 km from their 

point of origin and prefer large permanent waterbodies, which are absent from Source Area A 

(McEvoy, 2014). An AUF of 0.004 has been calculated for the Black Duck by dividing the spatial 

extent of Source Area A (12.5 ha) by the spatial extent of the Investigation Area (2,930 ha), to 

account for the fact that this species is expected to have limited exposure to this area.  

The AUF values adopted for each indicator species are summarised in in Appendix G. 

3.3 Transport pathways 

Transport mechanisms have been identified in the CSM (GHD 2018) and are summarised in 

Table 7. 

Table 7 Summary of transport pathways 

Transport Pathway Comments 

Migration in surface water 

bodies towards down-gradient 

receptors. 

GHD’s DSI (2018a) identified measurable PFAS 

concentrations in surface water samples collected from the 

on-Site drainage channels and the down-gradient Ellen and 

Ki-it Monger Brooks. 

Leaching from near-surface 

soil to surface water runoff 

and transport as surface water 

flow. 

Leachable PFAS concentrations were reported within near-

surface soil samples collected from the source areas during 

the DSI (GHD 2018a). 
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Transport Pathway Comments 

Leaching from soil to 

groundwater and migration 

within groundwater.  

PFAS was reported in groundwater at concentrations 

exceeding the adopted assessment levels within Source 

Areas A, B, C, D, J and R during the DSI (GHD 2018a). 

Additionally PFAS impacts have been detected in off-site 

groundwater bores. No link between the groundwater and 

surface water in Ki-it Monger Brook has been identified. 

However, Ellen Brook generally receives groundwater. 

Extraction of PFAS impacted 

groundwater for non-potable 

use on-site and both potable 

and non-potable uses off-site. 

Historical irrigation practices on-site may be the cause of 

PFAS detections in near-surface soil samples across the site 

identified during the DSI (GHD 2018a) 

Wind dispersion of AFFF. Not considered to represent an active transport pathway 

under the current Site use given that as of 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. 

Wind erosion of impacted soils This was not identified as a viable transport pathway given 

that the Source Areas are largely sealed or grassed thereby 

minimising the potential for generation of dust. Future soil 

disturbance such as earthworks in the source areas may re-

present this pathway as plausible.  

3.4 Exposure pathways 

Exposure assessments have been developed based on complete exposure pathways and 

presence of selected species representative of each feeding niche within each food web. 

Ecological exposure pathways and the consideration of the extent and completeness for each 

sampling area are shown in Table 8. Water ingestion has been assumed to occur at the nearest 

water body (including on-Site drains). Due to the properties of PFAS, an assumption has been 

made that dermal exposure does not result in significant exposure to PFAS compounds for any 

organism. Sediment and soil ingestion is based on the feeding types shown in Table 4 and 

Table 5. Canopy insectivores and nectivorous feeders are assumed not to ingest soil or 

sediment. Carnivores that feed while flying are assumed not to ingest soil or sediment. The 

amount of soil or sediment ingested for each species has been estimated by Beyer et al. (1994).   

Table 8 Ecological exposure pathways considered in food web modelling 

Receptor Feeding type Exposure pathways for PFAS 

Ingestion 
(diet) 

Ingestion 
(water) 

Incidental 
ingestion 

(soil/sediment) 

Source Area A 

Birds 

Pacific Black Duck Omnivorous regional Y Y Y 

Australian Magpie Carnivorous local Y Y Y 

Banded Lapwing Insectivorous local Y Y Y 

Willie Wagtail Insectivorous local Y Y Y 

Singing Honeyeater Nectivorous local Y Y N 

Amphibia 

Clicking Frog Insectivorous local Y Y Y 

Mammals 
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Receptor Feeding type Exposure pathways for PFAS 

Ingestion 
(diet) 

Ingestion 
(water) 

Incidental 
ingestion 

(soil/sediment) 

House Mouse Granivorous local Y Y Y 

Chuditch Carnivorous regional Y Y Y 

Source Area B 

Birds 

Yellow-rumped Thornbill Insectivorous local Y Y Y 

Willie Wagtail Insectivorous local Y Y Y 

Weebill Insectivorous local Y Y N 

Grey Fantail Insectivorous local Y Y N 

Tree Martin Insectivorous local Y Y N 

Horsfields Bronze 
Cuckoo 

Insectivorous local  Y Y Y 

Mudlark Insectivorous local Y Y Y 

Black-faced Cuckoo 
Shrike 

Insectivorous local Y Y Y 

Black-shouldered Kite Carnivorous local Y Y N 

Australian Magpie Carnivorous local Y Y Y 

Nankeen Kestrel Carnivorous local Y Y N 

Western Wattlebird Nectivorous local Y Y N 

Brown Honeyeater Nectivorous local Y Y N 
1Galah Granivorous local Y Y Y 

Reptiles 

Dugite Carnivorous local Y Y Y 

Common Dwarf Skink Insectivorous local Y Y Y 

Shingleback Omnivorous local Y Y Y 

Amphibia 

Clicking Frog Insectivorous local Y Y Y 

Mammals 

Fox Omnivorous regional Y Y N 

Rabbit Herbivorous local Y Y Y 

Western Grey Kangaroo Herbivorous local Y Y Y 

Southern Brown 
Bandicoot 

Omnivorous local Y Y Y 

Chuditch Carnivorous regional Y Y Y 

Ki-it Monger and Ellen Brooks 

Birds 

Straw-Necked Ibis Insectivorous local  Y Y Y 

Australian White Ibis Insectivorous local Y Y Y 

Pacific Black Duck Omnivorous local Y Y Y 

Wood Duck Omnivorous local Y Y Y 

Great Egret Piscivorous migratory  Y Y N 

White-Faced Heron Piscivorous regional Y Y Y 

Reptiles 

Dugite Carnivorous local Y Y Y 

Black-Headed Monitor Carnivorous local Y Y Y 

Oblong Tortoise Carnivorous local Y Y Y 

Western Swamp 
Tortoise 

Carnivorous local Y Y Y 

Amphibia 

Squelching frog Insectivorous local Y Y Y 

Mammals 

Fox Omnivorous local Y Y N 
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Receptor Feeding type Exposure pathways for PFAS 

Ingestion 
(diet) 

Ingestion 
(water) 

Incidental 
ingestion 

(soil/sediment) 

Cattle Herbivorous local Y Y Y 

Horse Herbivorous local  Y Y Y 

Chuditch Carnivorous local Y Y Y 

1Galah feeding type has been designated to be local to provide a conservative representation of 

Baudin’s Black Cockatoo and Carnaby’s Black Cockatoo species which may opportunistically 

utilise the Source Area for feeding.  

3.4.1 Exposure factors 

PFAS in water and sediments have the potential to accumulate in aquatic organisms. The 

bioaccumulation factor is a factor that represents exposure via the surrounding environment and 

the diet, and is influenced by the following factors: 

 water concentration, 

 sediment concentration, 

 species, 

 tissue sampled (PFOS mainly binds to proteins), 

 sex, 

 age, 

 duration of exposure, 

 habitat, 

 feeding habits, 

 trophic level, and 

 elimination of PFAS. 

PFAS Source Areas and transport and exposure pathways have been identified in the CSM 

(GHD 2018) and are summarised in Section 3.2.1. The exposure assessment has used the 

pathways identified in the CSM and listed in Table 8. The duration of exposure is important 

given the relatively rapid excretion of PFAS from some aquatic organisms and avian species. 

Research has shown that, once the source of PFAS is removed from the environment or diet, 

depuration is rapid in fish, crustaceans, molluscs and avian species (Taylor et al. 2017, Yoo et 

al. 2007). Research conducted by Yoo et al. (2007) showed that once the source of PFAS was 

removed, the depuration rates in male chickens were PFOA half-life of 4.6 days and a PFOS 

half-life of 125 days. As many of the avian species observed during the ecological survey 

conducted in 2017 (Appendix F) were regional and not sourcing their total dietary requirements 

from Source Area A, Source Area B, Ellen Brook or Ki-it Monger Brook the depuration of PFOS 

will be taken into account when interpreting the data.  

Similarly, marine fish, crustaceans and oysters show rapid depuration of PFAS once the source 

is removed (Taylor et al. 2017). Prawns showed a half–life for PFOA of 4.5 hours and a half-life 

for PFOS of 159 hours, Taylor (pers. comm.) stated that the half-life for PFOA and PFOS in 

oysters were 87 hours and less than 14 days respectively. In addition, Taylor (pers. comm.) 

stated that a marine fish showed a half-life for PFOS of 12.5 days. As fish do tend to move 

throughout an aquatic system, particularly, entering the system for spawning during the spring 

months, the depuration process will be taken into account when interpreting the data.  
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Gilgies and Yabbies were sampled for PFAS in Ellen Brook and Ki-It Monger Brook. These 

species are territorial and have a limited home range. However, the ability of crustaceans to 

rapidly depurate will impact on the bioaccumulation rate of PFAS within the organism (Taylor et 

al. 2017). Taylor (2018) also observed low PFAS concentrations in yabbies sampled in New 

South Wales (NSW) and explained that the low levels may be related to a high percentage 

(64%) of the yabbies’ food being sourced from terrestrial areas. This may account for the lower 

concentrations in crustacean tail meat observed in this study when compared to those in fish. 

Subsequent studies conducted for Defence in 2018 on PFAS concentrations in freshwater 

crustaceans (Euastacus spinifer) collected from a waterway in NSW agreed with Taylor (2018) 

and showed that, in general, concentrations of PFAS were low in both tail meat and in the whole 

organism (tail meat, hepatopancreas and shell) when compared to fish species collected in the 

same area. The average concentrations of PFOS plus PFHxS for tail meat and the whole 

organism in a small dataset (n=5 samples ) of freshwater crustaceans were 0.107 mg/kg and 

0.112 mg/kg respectively in the Defence study. These results provide an indication that the tail 

meat of a freshwater crustacean should provide an appropriate estimate of whole body 

concentrations. 

These results are in contrast to PFOS plus PFHxS concentrations detected in a marine species 

of crab (Scylla serrata) in a study conducted in a tropical marine ecosystem. Vijayasarathy et al. 

(2017) found that the hepatopancreas (n=2) of the crab contained concentrations of PFOS plus 

PFHxS at 0.18 mg/kg and 0.042 mg/kg (Scylla serrata) which were considerably higher than the 

muscle (n=6) which recorded an average of  0.0044 mg/kg PFOS plus PFHxS.  However, 

drawing conclusions on tissue distribution of PFOS plus PFHxS in a tropical crab species and 

relating the results to a freshwater temperate crayfish species is problematic due to the 

differences in morphology resulting in different hepatopancreas indices between the species.  

The results of this study provide information to evaluate if there are risks to aquatic organisms 

and to terrestrial organisms feeding on aquatic biota from Ellen Brook and Ki-it Monger Brook. 

The results have also been used to assess risks to higher order aquatic predator species using 

food web modelling. 

The ERA targeted biota that are readily abundant and representative of a key element of the 

food web, particularly as the scientific community’s current understanding is that the aquatic 

organisms closely associated with sediment will be most at risk of higher exposure to PFAS and 

susceptibility to bioaccumulation over terrestrial organisms. As shown in the CSM, aquatic biota 

may be exposed through direct contact and ingestion from impacted groundwater, surface water 

and sediments. The initial biota sampling program focused on aquatic biota that are present in 

the natural environment (not domesticated animals) that have constant exposure to 

contaminants in the water and/or sediment. Subsequently, terrestrial flora and fauna, on- and 

off-Site were included in the ERA and flora and terrestrial invertebrates were sampled to 

determine the potential for PFAS to bioaccumulate through the food chain to higher order 

consumers. 

Given that both burrowing crustaceans and fish are preyed upon by birds, it was regarded that 

the preliminary sampling program would provide data to assess the potential for a link to higher 

order vertebrate predators (birds, reptiles and mammals). Quantitative food web modelling is 

used to assess the risk to higher order avian consumers following methods developed by the 

US EPA (1999). This type of food web modelling has used available environmental data and 

calculated species specific exposure parameters to determine the intake rates of contaminants. 

3.4.2 Exposure considerations 

Key considerations in the biota sampling program are listed as follows: 
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 Burrowing crustacea, Gilgies (Cherax quinquecarinatus) and Yabbies (Cherax 

destructor), and freshwater fish were selected as the most “at risk” from prolonged 

continuous exposure. The burrowing crustaceans, in particular, were identified as being 

the species at greatest risk of exposure from uptake from surface water and groundwater 

entering the creek systems. Gilgies and Yabbies 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 water levels drop. In addition to this activity, their trait of 

bottom feeding will include incidental uptake of sediments. PFAS, particularly PFOS can 

accumulate in sediments which can record higher concentration than surface water (i.e. 

they can act as sinks for PFAS).  

 Fish can be exposed to PFAS in Ellen Brook that is present in surface water due to 

groundwater infiltration. Fish living in Ki-it Monger Brook will be exposed to PFAS 

entering the system from surface water runoff. Depending on the feeding habits of the 

fish, uptake of PFAS will occur due to ingestion of aquatic invertebrates, plants and 

detritus and by direct bio-concentration from water. It is likely that fish will have direct 

uptake of contaminated sediments as native freshwater fish in Ellen Brook and Ki-it 

Monger Brook are benthic feeders consuming aquatic macroinvertebrates, crustaceans 

and molluscs. The introduced mosquitofish have a varied diet including aquatic 

macroinvertebrates and may also ingest sediment during feeding.    

 The locations for crustacean and fish sampling were selected to align as closely as 

possible with the DSI sampling locations where surface water and sediment samples 

were collected, and where appropriate habitats for native fish and crustaceans were 

observed. The sampling locations for fish and crustaceans within Ellen Brook and Ki-it 

Monger Brook (Figure 13) were located to provide information on the surface water runoff 

and groundwater effects from Site. However, the presence of suitable habitat and the 

locations of the Site’s catchment drainage outlets were the main drivers of the sampling 

locations. Sample numbers were determined to provide information that could be used in 

a statistical analysis. The number and type of samples analysed at each location is 

summarised in Table 9.  

 Sample locations for terrestrial flora and fauna were in Source Area A and Source Area 

B. The sampling area generally aligned with the locations where highest PFAS 

concentrations in soil were reported in each Source Area and therefore the samples are 

considered representative of biota that has been exposed to PFAS. The specific sampling 

locations within these areas (shown on Figure 13) were opportunistic depending on the 

location of the flora and fauna species. For some species of terrestrial 

macroinvertebrates, multiple individuals were combined into a single sample to obtain 

sufficient sample weight for analysis. 

 The sample locations were selected to allow a correlation between the environmental 

concentrations of PFAS and concentrations within the biota using a calculated 

bioaccumulation factor (BAF). As the bioaccumulation factors are calculated from actual 

data, any uncertainties usually inherent by using international or other BAFs obtained 

from published literature will be removed, allowing for a higher level of confidence in the 

risk assessment outcomes. Additionally, a qualitative assessment of biological 

parameters of each organism was made upon collection and these will be taken into 

account in the analysis of the data. 

3.4.3 Biota sampling 

The biota sampling locations are shown on Figure 13. Table 9 summaries the locations and 

sample types of the collected aquatic biota samples. Table 10 shows the terrestrial invertebrate 

sampling conducted at Source Area A and Source Area B. Table 11 shows the flora sampling 
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conducted in Source Area B. Flora from Source Area B were targeted as the area provided 

greater plant diversity and feeding options for local species whereas flora within Source Area A 

generally comprised maintained grass. 

Table 9 Aquatic biota sampling program  

Creek Location Type Samples (species) 

Ellen Brook Biota 1 Background (1 Km north of the 
Site), near RE_SW01.  

Upstream of all catchment 
drainage outlets 

4 Fish (Bostockia 
porosa) 

4 Crustacean (Cherax 
quinquecarinatus) 

Biota 2 Downstream of the site drainage 
point (impact zone), near 
RE_SW07 

Downstream of catchment 
drainage outlets E1, E2, E3, E4, 
E5, E6 and E6a 

4 Fish (Bostockia 
porosa) 

4 Crustacean (Cherax 
quinquecarinatus) 

Biota 4 Upstream of Ki-it Monger Brook 
confluence (down-gradient of 
impact). 

Downstream of catchment 
drainage outlets E1, E2, E3, E4, 
E5, E6, E6a, E7, E8 and E9 

4 Fish (Galaxias 
occidentalis) 

4 Crustaceans (Cherax 
quinquecarinatus) 

Ki-it Monger 
Brook 

- Background (up to 1 Km north 
of the Site– depending on 
access and presence of water in 
the brook) 

No sample due to lack of 
water 

Biota 7 Near site drainage point (impact 
zone), near RK_SW12 

Downstream of catchment 
drainage outlets M1, M2 and M3 

4 Fish (Gambusia 
holbrooki) 

4 Crustaceans (Cherax 
destructor) 

Biota 6 Upstream of Ellen Brook 
confluence. Downstream of 
catchment drainage outlets M1, 
M2, M3, M5 and M5 

4 Fish (4 x Bostockia 
porosa) 

4 Crustaceans (Cherax 
destructor) 

Ellen Brook 
Below Ki-it 
Monger 
Brook 
confluence 

Biota 5  Downstream of all catchment 
drainage outlets, downstream of 
confluence of Ellen Brook and 
Ki-it Monger Brook. 

4 Fish (Bostockia 
porosa) 

4 Crustacean ( 2 x 
Cherax destructor, 2 x 
Cherax 
quinquecarinatus) 

Note: Biota 3 was an opportunistic sampling location situated between Biota 2 and Biota 4 chosen when setting nets 

due to the favourable habit for aquatic species. However, upon sampling, sufficient numbers of species were collected 

in the planned locations (Biota 2 and Biota 4, therefore no species were required to be analysed from Biota 3. The 

location labelling nomenclature was not amended to take account of the omission of Biota 3.  

Table 10 Terrestrial invertebrate sampling program (on-Site) 

Area Type Number 

Source Area A Worms 2 samples 

Spider 2 samples 

Slaters 2 samples 

Source Area B Portuguese millipedes 1 sample 

Worms 1 sample 
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Area Type Number 

Spider 1 sample 

Grasshopper 2 samples 

Bees 2 samples 

Note: Samples contained multiple individuals on the same species that were homogenised prior to analysis. 

Table 11 Terrestrial flora sampling program 

Source Area B Species 

Growth 

Form 

Native / 

Introduced 

Consumed 

by 

Sample taken 

Flora 1A Xanthorrhoea 
preissii 

Grass-tree / 

shrub 

Native Bird, 

mammal, 

insect 

Leaves 

Flora 2A Eragrostis curvula 
Grass Weed Mammal, 

insect 

Leaves and culms 

Flora 3A Neurachne 
alopecuroidea 

Grass Native Mammal, 

insect 

Leaves and culms 

Flora 4A Acacia saligna 
Shrub Native Bird, 

mammal, 

insect 

Phyllodes (leaves) 

Flora 4B Acacia saligna 
Shrub Native Bird, 

mammal, 

insect 

Phyllodes (leaves) 

Flora 5A Ehrharta calycina 
Grass Weed Mammal, 

insect 

Leaves and culms 

Flora 6A Gastrolobium 
spinosum 

Shrub Native Birds, 

insects 

Leaves and 

flowers 

Flora 7A Moraea flaccida 
Herb Weed Mammal, 

insects 

Leaves and 

tubers 

Flora 8A Hypocalymma 
angustifolium 

Shrub Native Birds, 

insects 

Leaves and 

flowers 

3.5 Summary of the ERA process 

The assessment of impacts of PFAS on the ecosystem are generally based on the influences of 

environmental factors on bioaccumulation. Therefore, the bioaccumulation potential of PFAS 

through the food web becomes the main driver of ecological impact as calculated from actual 

data. As such, the species considered most at risk from continuous exposure, terrestrial 

invertebrates, crustacea and fish, were sampled to provide data that can be used to determine 

site specific bioaccumulation factors, thus eliminating uncertainty factors inherent in PFAS risk 

assessments.  

The results from the soil, water, sediment and biota analysis have comprised the main line of 

evidence in a weight of evidence approach to assess the ecological risk to the receiving 

environment of PFAS originating from the Site. The approach discussed above has provided 

information to determine potential bioaccumulation in higher order predators.    



 

36 | GHD | Report for Department of Defence  - RAAF Base Pearce PFAS Investigation, 61/33334  

The outcome of the risk characterisation will provide information to assess the potential for 

contaminants derived from the Site to enter terrestrial and aquatic organisms and thus 

bioaccumulate through the food web to higher order consumers (possibly including humans). 

The outcome will have a higher reliability than that using generic criteria due to the use of site 

derived data and minimal use of data from international models and default international criteria.  

The ecological survey conducted by GHD in 2017 (Appendix E) identified that insectivorous 

birds, nectivorous birds, carnivorous birds, granivorous birds, piscivorous birds, mammals and 

reptiles comprise the higher trophic levels within the food web on-Site and in the surrounding 

waterways. Table 4 to Table 6 list the species that have been selected to represent each trophic 

level on- and off-Site and that will be included in the ERA Risk Characterisation.  
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4. Toxicity assessment 

4.1 Overview of PFAS ecotoxicity 

Toxicity data used to derive protective concentrations to be applied to aquatic ecosystems are 

generally calculated from laboratory bioassays. Evaluation of bioassay data needs to also take 

into account the ecological setting and other factors that can affect the health of species such 

as drought condition, water quality and nutrient loading. Further, there is a limited amount of 

data available for chronic long-term exposure to PFAS. The differences between environmental 

and laboratory exposures were discussed by Qi et al (2011) who calculated a predicted no 

effect concentration (PNEC) for PFOS in water of 6.66 µg/L based on species sensitivity 

distribution for 95 percent species protection. This is similar to that derived by ECCC (2018) with 

a 95% species protection guideline value of 6.8 µg/L for PFOS.  

A 35-day no observed effect concentration (NOEC) was reported as 3.0 mg/L for a 12,000 L 

mesocosm with freshwater zooplankton communities (Boudreau et al 2003), a 450-fold increase 

on the Qi et al (2011) PNEC and an 83-fold increase when compared to the RIVM (2010) 

maximum acceptable concentration (MAC) for freshwater ecosystems of 36 µg/L. However, 

assuming environmental ameliorating factors, the lower concentrations calculated from 

laboratory bioassays will provide a conservative protection level for aquatic organisms.  

Limited research has been identified that determines how environmental factors modify the 

toxicity of PFOS and PFOA. However, the mesocosm results discussed above showed a 

significant decrease in toxicity to zooplankton communities when compared to laboratory 

studies. The mesocosm studies showed that PFOS concentrations did decrease over 8.8 

percent over 35 days, but did not decrease further after 285 days. However, even though PFOS 

concentrations in the mesocosm did not decrease significantly over the duration of the study 

and zooplankton populations reduced immediately following application of PFOS at 10 mg/L 

and 30 mg/L, resilience was observed in all species at 10 mg/L with subsequent increases in 

population growth observed. Sensitive species, cladocerans and copepods, showed no signs of 

resilience in the 30 mg/L treatment.  

Similar resilience results were obtained for an earthworm exposure to PFOS in soil (10 mg/kg to 

120 mg/kg) over 42 days where reduced growth at lower concentrations was observed up to a 

28-day exposure, however, after 42 days, reduced growth was only observed in the worms 

exposed to the highest concentration, 120 mg/kg (Xu et al 2013). These results may indicate 

that, even though concentrations of PFOS remain in the soil, the PFOS may be less 

bioavailable to exposed organisms due to binding with the soil components thus reducing 

bioavailability.  

The results discussed above show that the application of criteria developed using standard 

methods may not provide an accurate indication of effects in the receiving populations as 

environmental factors may influence the bioavailability of the PFAS. PFOS toxicity data for 

various species are shown in Table 12. The results provide a good indication of the range of 

concentrations of PFOS that cause toxic effects in various species and that plant species show 

the least sensitivity to PFOS. 
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Table 12 Toxicity data 

Taxonomic 

group 

Test Chronic NOEC 

Range µg/L 

Reference  

Microalgae Growth 5,300 to 82,000 OECD (2002), Boudreau et al. 

(2003), Liu et al. (2008) 

Macrophyte Growth 100 to 6,600 Hanson et al. (2005), Boudreau et 

al. (2003) 

Crustacean Reproduction, 

growth 

8.0 to  6,000 Boudreau et al. (2003), Li (2010), 

Sanderson et al. (2004), Ji et al. 

(2008), Lu et al. (2015) 

Insecta Hatching, 

emergence, 

growth 

8.0 to  49 MacDonald et al. (2004), Ji et al. 

(2008), Bots et al. (2010)  

Fish Larval growth, 

reproduction 

0.3 to  300 Keiter et al. (2012), Ankley et al. 

(2005), Oakes et al. (2005), Han 

and Fang (2010), Ji et al. (2008),  

Amphibian Larval growth 1,242 Ankley et al. (2004) 

Earthworm Growth 80 mg/kg Xu et al. (2013) 

Plant - Wheat Enzyme 

inhibition 

<200 mg/L  Qu et al. (2010) 

In aquatic environments, wide ranges of no observed effect concentration (NOEC) values have 

been reported for PFOS, both between and within taxonomic groups. Aquatic plants have 

generally been reported to be the least sensitive to PFOS exposures. NOECs as low as 0.3 

µg/L have been reported in fish studies, with this value identified in association with growth 

inhibition in a 180 day multigenerational study with the zebrafish (Danio rerio). This value is in 

contrast to the 50 µg/L NOEC for growth suppression derived by Wang et al. (2011). The 

inconsistent NOEC values observed for the zebrafish bioassay serves as an example of the 

uncertainty associated with the PFOS toxicity thresholds for aquatic species.  

Limited research on the potential impact of PFOS on terrestrial organisms has been undertaken 

to date, but the existing literature suggests that PFOS may impact systemic toxicity (e.g., 

hepatotoxicity) in mammals (ATSDR, 2018) and reduce second generation survival in avian 

studies (ECCC, 2018). Several studies have been conducted on fast growing plants used as 

crop species (Qu et al. 2010). These studies show that plant species are less sensitive to PFOS 

than aquatic invertebrates and fish.   

4.2 Toxicity assessment approach 

The toxicity assessment stage of this ecological risk assessment selects the concentrations of 

PFAS that have potential to cause adverse impacts to exposed species and the subsequent 

ecological impacts.  The concentrations where no adverse effects are expected are also 

determined. Usually, concentrations that will cause adverse harm to exposed organisms and 

populations have been determined, published and are readily available and accepted by the 

community and regulators. However, this is not the case for PFAS. The uncertainty surrounding 

the published Australian freshwater species protection criteria creates difficulties in establishing 

whether the detected concentrations will, in actual fact, cause adverse impacts on the exposed 

populations. PFAS assessment levels currently accepted in Australia which have been adopted 

for the DSI and the preliminary assessment in this ERA are shown in Table 13. Further, it is 
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important to note that, as discussed above, the influence of environmental factors on the 

bioavailability of PFAS is not readily understood.  

GHD has conducted direct measurement of PFAS concentrations within aquatic biota (fish and 

crustaceans) and terrestrial biota (vegetation, invertebrates and animal scats) samples. This 

data has been used to quantitatively assess the level of risk posed to ecology.  

The approach used in this report is consistent with ANZECC (2000), which recommends not 

relying solely on chemical concentrations for assessment of risk, rather incorporating direct 

toxicity assessment and biological sampling. ANZECC (2000) states that “this approach will help 

to ensure that the water management focus keeps in view the goal of protecting the 

environment, and does not shift to merely meeting the numbers.” This is an important aspect in 

understanding chemical and biological impacts to (and managing if necessary) environmental 

health.  

As discussed in Section 3, this ERA follows the process shown in Figure B. The Level 1 

preliminary assessment requires assessment of data against published screening criteria. 

Where a requirement for further assessment is identified, a Definitive Level 2 and Level 3 food 

web modelling process has been applied to the identified media and selected receptors, to 

assess potential adverse effects in higher order consumers due to exposure by ingestion. Food 

web modelling uses toxicity reference values (TRVs) derived from appropriate dietary toxicity 

studies 

4.2.1 Preliminary risk characterisation levels 

The Level 1 preliminary assessment requires assessment of data against the screening criteria 

listed in Table 13. 

Table 13 PFAS preliminary risk characterisation levels  

Source Receptor PFOS PFOA 

NEMP (2018) 
ecological guideline 
values 

Freshwater 95% 0.13 µg/L 220 µg/L 

Freshwater 80%1 31 µg/L 1824 

Soil direct exposure 1 mg/kg 10 mg/kg 

Soil indirect exposure: 
Commercial 

0.14 mg/kg - 

Bakke et al (2010) Sediment 0.22 mg/kg 0.22 mg/kg2 

Canadian Federal 
Environmental Quality 
Guidelines (ECCC 
2018) 

Fish tissue for the 
protection of fish health 

9.4 mg/kg 9.4 mg/kg 3 

Wildlife: mammalian 
diet 

4.6 µg/kg 4.6 µg/kg 3 

Wildlife: avian diet  8.2 µg/kg 8.2 µg/kg 3 

1Applied to drainage channels on-Site 

2There are no PFAS guidelines for sediments derived for application in Australia. The Norwegian recommendations for 

PFOS have been selected for use in this instance to provide an assessment of potential adverse effect. This number 

has been taken from in-situ sediment data where no adverse effects in resident populations were observed. In the 

absence of sediment toxicity data, this number has been accepted by regulators in other jurisdictions for interim 

applications.  The PFOS guideline has been applied to PFOA to provide a conservative approach.   

3There are no Canadian Guidelines for PFOA, however, as PFOS is more toxic than PFOA to aquatic organisms and 

has a higher potential to bioaccumulate, the Canadian Guideline for PFOS has been applied to the PFOA 

concentrations in fish to provide a conservative approach.  

For the preliminary assessment of risk posed to aquatic ecological receptors within Ellen and Ki-

it Monger Brooks, GHD has adopted the Australian and New Zealand Guidelines for Fresh and 

Marine Water Quality – technical draft default guideline 95% species protection values 
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presented in the NEMP (2018), to assess the potential direct toxicity associated with surface 

water PFOS concentrations, rather than the default 99% species protection values. The 99% 

species protection values have been derived to account for bioaccumulation within aquatic 

fauna tissue, when no other data is available. In this ERA, biota data is available, therefore the 

default 99% species protection values for surface water are not required to assess the 

ecological risks associated with bioaccumulation in aquatic organisms. Note that the PFOS 99% 

species protection value (0.00023 µg/L) is less than the laboratory limit of reporting and 

therefore all PFOS detections exceed this guideline.  

The Canadian Federal Environmental Quality Guidelines (ECCC 2018) have also been applied 

to the preliminary risk characterisation as discussed in Section 5.1. These guidelines have been 

applied to determine if further investigation into the potential effects of bioaccumulation on 

higher order consumers is required.  

As discussed in NEMP (2018), it is noted that the soil indirect exposure assessment level is 

derived to be protective of surface water following leaching from soil and migration to 

groundwater and is therefore of limited relevance to the ERA as site specific surface water data 

have been used primarily, to assess PFOS migration from soil into surface water. 

The PFOS criteria have been applied to PFOS plus PFHxS as there are no guidelines for 

PFHxS and both chemicals are assumed to have similar toxic mechanisms.  

Given that recorded concentrations of PFOA in soil, sediment and soil were less than the 

selected screening criteria shown in Table 13 and its limited bioaccumulation through the food 

chain as evidenced by the aquatic biota results, PFOA has not been selected as a contaminant 

of concern and has not been included further in the ERA. 

4.2.2 Toxicity reference values 

A TRV is defined as the dose of a chemical above which ecologically relevant effects (growth, 

reproduction or survival) might occur to wildlife species following chronic dietary exposure. 

Conversely, it is reasonably expected that such effects will not occur at dose below the TRV 

(US EPA, 2007). In this ERA, TRVs have been used to evaluate the risk associated with daily 

dosage estimates derived via exposure modelling. 

TRVs are expressed in mg/kg body weight/day and are derived from the endpoints identified 

ecotoxicity studies, as follows:  

 The lowest-observed-adverse-effect level (LOAEL) is defined as the lowest dose, at 

which statistically significant adverse effects are observed in the test organism compared 

to controls.  

 The no-observed-adverse-effect-level (NOAEL) is defined as the highest experimental 

dose that is not associated with significant adverse effects in the test organism compared 

to controls. 

The exposure estimates derived using food web modelling are typically compared to TRVs 

derived on the basis of both NOAELs and LOAELs, to provide an indication of whether chronic 

adverse effects to ecological receptors are very unlikely, possible or likely to occur. The US EPA 

(2007) states that “The NOAEL cannot be used to characterise the magnitude of any adverse 

effects. This is why the LOAEL values are also included in the wildlife TRV process as a point of 

comparison with NOAELs and are also used to identify the TRV.”  

The TRVs selected for this assessment for avian and mammalian species are summarised in 

Table 14. The TRVs were derived on the basis of NOAELs and LOAELs from avian (Newsted, 

et al., 2007, ECCC 2018 ) and mammalian studies (FSANZ, 2017). Following methodology used 



 

GHD | Report for Department of Defence  - RAAF Base Pearce PFAS Investigation, 61/33334 | 41 

in the Canadian Guidelines (ECCC 2018) an uncertainty factor (UF) of 100 was applied to the 

LOAEL of the female bobwhite quail to derive a NOAEL TRV for all avian species. 

Table 14 Summary of adopted avian and mammalian toxicity reference 

values 

Analytes TRV 

(mg/kg BW/day) 

Toxicity Endpoint Comments 

NOAEL LOAEL 

Avian (all species) 

PFOS 

+PFHxS 

0.0077 

UF=100 

0.077 

UF=10 

Reproductive, growth and 

histopathological endpoints 

(e.g. fertility, hatchability and 

offspring survival) in a 

bobwhite quail study 

The adopted TRVs are 

based on the lowest 

ecotoxicity endpoint 

(LOAEL of 0.77 mg/kg/day) 

obtained from studies on 

the female bobwhite quail 

(Newsted, et al., 2007). A 

UF of 100 was applied to 

derive the chronic NOAEL 

TRV. A UF of 10 was 

applied to the LOAEL to 

obtain a LOAEL TRV. 

Mammalian (all species) 

PFOS + 

PFHxS 

0.1 0.4 Reproductive endpoints (e.g., 

decreased litter size, birth 

weight and pup survival, and 

developmental abnormalities) 

based on singular and multi- 

generational rat, mouse, 

monkey and rabbit studies 

The TRV has been 

adopted based on the 

review of mammalian 

toxicity undertaken by 

FSANZ (2017). No 

uncertainty factors were 

applied as the dataset 

covered a range of species 

and toxicity endpoints. 

Avian TRVs 

Environment and Climate Change Canada (ECCC 2018) identified chronic avian dietary studies 

for PFOS using adult bobwhite quail (Colinus virginianus), and mallard ducks (Anas 

plaryrhynchos) (Newstead et.al 2007). In these studies, toxicological endpoints that were 

evaluated included mortality, altered behaviour and appearance, body weight, growth, feed 

consumption, gross pathology and histopathology in adult birds. Reproductive endpoints 

included egg production, measures of egg fertility and hatchability, and survival, growth and 

health of the surviving offspring.  

Sub-lethal effects observed included increased incidence of small testes in male bobwhite quail 

and mallard, slight reduction in fertility, hatchability and offspring survival in quail. The 

herbivorous bobwhite quail female was the most sensitive species identified, with the lowest 

toxicity endpoint for this species being a LOAEL of 0.77 mg/kg BW/day. The lowest toxicity 

endpoint identified for the omnivorous mallard duck was a NOAEL of 1.49 mg/kg BW/day.  

Environment and Climate Change Canada (ECCC 2018) derives a default federal wildlife 

dietary guideline (FWiDG) for PFOS and all avian species, on the basis of the bobwhite quail 

LOAEL, with a UF of 100 applied to account for interspecies differences. This results in a 

NOAEL of 0.0077 mg/kg BW/day. A LOAEL TRV was derived using an UF of 10 to the LOAEL.   
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Due to the presence of sensitive amphibian and reptile species in the Investigation Area, the 

avian TRV has been applied to these species in the absence of specific TRVs for amphibians 

and reptiles. In particular, the presence of the critically endangered Western Swamp Tortoise in 

the Investigation Area required assessment on the risk of PFAS exposure to that species.  

Mammalian TRVs 

Mammalian exposure to PFOS was comprehensively reviewed by FSANZ (2017). The lowest 

point of departure adopted by FSANZ (2017) in the derivation of the human health guideline for 

PFOS was a NOAEL of 0.1 mg/kg/day, derived on the basis of subchronic toxicity study in 

nonhuman primates (Seacat et al 2002), a chronic toxicity and carcinogenicity study in rats 

(Butenhoff, et al. 2012; Thomford, 2002) and a two generation reproductive toxicity in the rat 

(Luebker,et al., 2005). The LOAELs identified in these studies ranged from 0.2 mg/kg/day to 1.4 

mg/kg/day. Consistent NOAEL values were also identified in the range of studies identified by 

FSANZ (2017), in studies on rats, mice, monkeys, rabbits and focused on endpoints including 

reproduction, development, growth and carcinogenicity. A number of multigenerational studies 

were also included in the dataset. Given the high quality of the dataset, the NOAEL and LOAEL 

identified by FSANZ (2017) have been adopted directly in this ERA, without the application of an 

uncertainty factor. 

A lower LOAEL of 0.0002 mg/kg/day was identified by (Peden-Adams, et al., 2008) as the point 

of departure for the mammalian immunotoxicity of PFOS but this study was discounted by 

(FSANZ, 2017), due to inconsistencies in the study and contradictory results obtained in other 

studies.  Given the stringent protocols applied in studies aimed at the evaluation of human 

toxicity, the lowest endpoint adopted by (FSANZ, 2017) in the derivation of a human health TDI 

is also considered likely to appropriately protective for the majority of mammalian species. 
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5. Exposure assessment 

5.1 Introduction 

GHD has conducted a DSI that forms the basis for data collection and reporting for the ERA. 

The finding of the DSI are detailed within the Consolidated DSI report (GHD 2018a) and are 

summarised in Section 3.1. Summary tables showing the data collected during the DSI are 

presented in Appendix B.  

5.2 Data summary 

A summary of the data used in the ERA is provided in Table 15.  

It was considered in the DSI that the primary contribution of PFAS flux to the environment is 

through surface water discharge from the site to the surrounding brooks. Groundwater has not 

been assessed in isolation for off-Site receptors as the data from Ellen Brook and Ki-it Monger 

Brook is considered to provide an integrated assessment of the biota exposure in these 

waterbodies. Groundwater has not been considered a pathway for ecological exposure of on-

Site receptors and has not been included in the assessment of on-Site exposure.  

Table 15 Summary of data used in the ERA (data sourced from DSI) 

Sample type No. 

samples 

PFOS 

Average 

(range)  

PFOS+PFHxS 

Average (range) 

PFAS (sum) 

Average 

(range) 

Surface Water Ellen 

Brook (µg/L) 

34 0.268                

(0.0013 to 3.3) 

0.43           

(0.003 to 4.5) 

0.451              

(0.005 to 4.6) 

Surface Water Ki-it 

Monger Brook 

17 1.07                 

(0.033 to 8.4) 

1.5             

(0.006 to 11) 

1.5                 

(0.04 to 12) 

Surface Water      

Twin Swamps 

2 <0.002 <0.002 <0.002 

Surface Water On-

Site Drainage 

channels (µg/L) 

27 52                   

(0.04 to 353) 

65                

(0.04 to 378) 

85                

(0.04 to 480) 

Soil Source Area A 

(mg/kg) 

193 2.06          

(<0.0002 to  81) 

2.27       

(<0.0002 to 82) 

2.33       

(<0.0002 to 82) 

Soil Source Area B 

(mg/kg) 

62 0.85          

(<0.0002 to 29) 

0.90      

(<0.0002 to 30) 

1.4         

(<0.0002 to 31) 

Sediment on-Site 

Drainage Channels 

(mg/kg) 

20 0.37            

(0.0034 to 3.9) 

0.40         

(0.0036 to 4.0) 

0.422       

(0.0036 to 4.1) 

Sediment Ellen 

Brook mg/kg 

34 0.0037       

(<0.0002 to 

0.0451) 

0.0042    

(<0.0002 to 

0.048) 

0.0043     

(<0.0002 to 

0.0487) 

Sediment Ki-it 

Monger Brook mg/kg 

17 0.0093      

(<0.0002 to 

0.0718) 

0.01       

(<0.0002 to 

0.079) 

0.0103   

(<0.0002 to 

0.0804) 

Sediment Twin 

Swamps 

2 <0.0002 <0.0002 <0.0002 
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Sample type No. 

samples 

PFOS 

Average 

(range)  

PFOS+PFHxS 

Average (range) 

PFAS (sum) 

Average 

(range) 

Aquatic Biota 

(mg/kg) 

56 0.26          

(<0.0002 to 2.4) 

- 0.27         

(<0.0002 to 

2.49) 

Terrestrial Fauna 

Source Area A mg/kg 

6 6.9                  

(0.05 to 29) 

0.62           

(0.004 to 1.6) 

- 

Terrestrial Fauna 

Source Area B mg/kg 

7 0.63               

(0.006 to 2.6) 

0.12    (<0.0005 

to 0.62) 

- 

Terrestrial Flora 

Source Area B mg/kg 

9 0.009          

(<0.0003 to 0.021) 

0.004 (<0.0005 

to 0.0099) 

- 

5.3 Data analysis 

The surface water, soil and sediment data was analysed using the software programs ESDAT 

and ProUCL (US EPA Version 5.1) to calculate the distribution, upper 95% upper confidence 

limit (UCL), mean, standard deviation and proportion of non-detects in the data sets. Statistical 

analyses were conducted using the detection limit as the concentration for non-detects where 

less than 25% of the data set were non-detects (ANZECC 2000). The 95% UCL was selected 

for comparison to assessment levels and for use in assessing environmental impacts from 

bioaccumulation. Where data sets contained more than 25% non-detects the maximum data 

point was used as a conservative estimate for use in the ERA. The maximum concentration was 

adopted where samples numbers were less than nine and where site specific data was used for 

territorial receptors and also used for receptors with a limited home range.  

As discussed previously, the ERA does not include PFOA due to the low concentrations 

observed when compared to screening criteria. The data shown in Table 15 indicates that 

PFOS is the principal PFAS species present in the samples. Biota, water and sediment PFOS 

concentrations were assessed to determine if the results from Ellen Brook and Ki-it Monger 

Brook were significantly different. A one-way analysis of variance (ANOVA) was conducted on 

the log (10) transformed data (crustacean data did not require log(10) transformation)) to 

determine if the results could be pooled to assist in the interpretation of the data. Where data 

was not significantly different (P-value <0.05), the results were pooled for analysis. The ANOVA 

results are located in Appendix C. 

Table 16 shows the summary of the calculated ANOVAs for fish, crustacea, water and 

sediment. Fish samples were the only data set that showed a significant difference between 

Ellen Brook and Ki-it Monger Brook samples. Therefore, all water data (with the exception of 

RE_SW01) for Ellen Brook and Ki-it Monger Brook have been pooled for use in the ERA model. 

As water is not static and avian and mammal species will traverse the length of the waterways, 

the pooling of water results is deemed to be appropriate for use in the ERA. However, for those 

species with restricted home ranges (Oblong Tortoise and Squelching Frog) food web 

calculations have been conducted based on the worst case scenario of water quality and 

sediment quality at Biota 6. The Western Swamp Tortoise exposure has been calculated on 

data from the Twin Swamps Nature Reserve and for the Ellen Brook Nature Reserve using data 

from sampling location RE_SW29.   

To provide additional information on the differences between fish and crustacean species, an 

ANOVA was conducted to determine if the differences between species were significant. Table 

16 and Table 17 show that there were no significant differences between species for either fish 
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or crustacea. Therefore, all fish and crustacea data was pooled on the basis that consumers of 

these species could utilise the entirety of the waterways as a food source.  

Table 16 Summary of water, sediment and biota PFOS data ANOVAs  

 Water  Fish  Sediment Crustacea 

Ellen Brook vs. Ki-it Monger Brook 

P-value  0.0529 0.0019 0.79991 0.56 

Significantly 

different  

No Yes No No 

Table 17 Summary of PFOS data within biota species ANOVAs 

 Fish  Crustacea  

Species  

P-value  0.375 0.33 

Significantly different  No  No 

5.4 Surface water 

The ERA includes the aquatic ecosystem associated with Ellen Brook and Ki-it Monger Brook 

as this ecosystem has been identified as having complete exposure pathways to PFAS in the 

environment. This ERA has focused on PFOS and PFOS plus PFHxS as it is accepted that 

PFHxS has similar toxicity properties to PFOS. 

Surface water concentrations of PFAS in Ellen Brook and Ki-it Monger Brook have been 

assessed to determine potential impacts on the aquatic ecosystems in both Brooks. The surface 

water data has also been utilised to assess the bioaccumulation into fish and crustacea in the 

creeks.  

Based on the outcome of the ANOVA shown in Table 16, the surface water data for Ellen Brook 

and Ki-it Monger Brook (with the exception of RE_SW01) has been pooled for analysis. 

Table 18 presents a summary of surface water PFAS concentrations collected within the 

Investigation Area where the biota sampling occurred. The sampling locations and key results 

are also presented on Figure 15.  

Table 18 Summary of surface water PFAS data 

 PFOS (µg/L) PFOA (µg/L) PFOS + PFHxS 

(µg/L) 

Aquatic Ecosystems (RE_SW02 to RE_SW23 and RK_SW10 to RK_SW26) 

n 24 24 24 

% Detects 100 92 100 

Minimum 0.0013 <0.0005 0.0098 

Maximum 8.4 0.064 11 

Mean 0.9 0.0077 1.32 

Std Dev 1.8 0.013 2.4 

95% UCL 1.6 0.013 3.4 
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The on-Site drainage channels are constructed drains for the purpose of draining stormwater 

away from the Base. These channels are not considered to be sensitive aquatic ecosystems as 

they have limited ecological value. Notwithstanding, it is noted that the drain may be a food 

source for higher order consumers and this has been considered in the ERA. Further, terrestrial 

fauna may use the drainage channels as a source of drinking water, therefore, the on-Site 

drainage channel PFAS data for water and sediment has been utilised in the terrestrial fauna 

assessment (sampling locations and key results presented on Figure 16). Plants and 

macroinvertebrates were not sampled from the drainage channels, therefore, terrestrial 

invertebrate data obtained from Source Areas A and B has been used for those terrestrial 

omnivores and carnivores identified on-Site which may access a portion of their dietary 

requirements from the drainage channels. The soil concentrations in Source Areas A and B are 

higher than the sediments from the on-Site drains (i.e. average PFOS plus PFHxS 

concentrations of 2.27 mg/kg, 0.9 mg/kg and 0.4 mg/kg PFOS plus PFHxS respectively). 

Therefore, the use of the Source Area plant and invertebrate data is considered appropriate and 

will likely provide a conservative outcome.  

It is acknowledged that surface water flowing through the on-Site drainage channels may 

contribute PFAS to the aquatic ecosystems of Ellen Brook and Ki-it Monger Brook. PFAS data 

from the on-Site drainage channels has been presented to demonstrate the significant decrease 

in PFAS concentrations in the receiving waterways. The on-Site drainage channel PFAS data 

has been used to assess the risk to populations utilising the site as part of the total habitat.  

5.5 Sediment 

The statistical analysis of the sediment data in Ellen Brook and Ki-it Monger Brook (Table 16) 

has shown that the sediment data from both sites can be pooled for analysis in the ERA food 

web modelling. However, the individual sediment PFAS concentrations for all biota sampling 

sites within the Brooks has been assessed against the biota body burdens to calculate uptake 

and the potential for bioaccumulation into the crustacea.  

Even though on-Site drainage is not considered to be an aquatic ecosystem, it is noted that it 

will provide a water source for local organisms and has been included in the ERA food web 

modelling assessment. The on-Site sediment may provide an ongoing source of PFAS through 

sediment movement in rain events to Ki-it Monger Brook and Ellen Brook.   

5.6 Soil 

There is potential for plant uptake from the soil and subsequent ingestion by herbivorous fauna 

and higher order consumers through the food chain. Therefore, surface soil PFAS data for 

Source Areas A and B have been included in this assessment. Only shallow soils (less than 0.1 

m below ground level) have been considered in the assessment as these are considered the 

most important for biological processes and where ecological receptors may be exposed. The 

soil sampling locations and key results for Source Area A and Source Area B are presented on 

Figure 17 and Figure 18 respectively.  

Table 19 Summary of surface soil PFAS data  

 PFOS      (mg/kg) PFOA      (mg/kg) PFOS + PFHxS 

(mg/kg) 

Source Area A (0.1 m depth) 

n 92 92 92 

% Detects 96 96 96 

Minimum 0.0013 <0.0002 0.0013 
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 PFOS      (mg/kg) PFOA      (mg/kg) PFOS + PFHxS 

(mg/kg) 

Maximum 81 1.13 82 

Mean 2.04 0.019 2.27 

Std Dev 8.84 - 8.89 

95% UCL 4.3 - 4.41 

Source Area B (0.1 m depth) 

n 20 20 20 

% Detects 100 45 100 

Minimum 0.0004 <0.0002 0.0007 

Maximum 29.2 0.038 30.1 

Mean 1.68 0.0026 1.22 

Std Dev 6.51 0.0084 5.7 

95% UCL 4.2 0.0059 4.11 

5.7 Aquatic Biota 

Aquatic biota sampling was carried out between 16th and 18th November 2016. Detailed 

methodology of the aquatic biota sampling is outlined in the Sampling Analysis and Quality Plan 

(SAQP) (GHD, 2016g) with specific deviations to plan detailed in the DSI report (GHD 2018a). 

The sampling locations are presented on Figure 13.  

External examinations of the crustacea and fish were conducted to assess the health and 

immune status of each individual. This examination found no evidence of the presence of 

parasites (which may indicate potential compromising of the animals’ immune system) or shell 

or fin damage. There was no indication that the health of the aquatic organisms in Ellen Brook 

or Ki-it Monger Brook had been adversely impacted by the water or sediment quality in either 

Brook.  

5.7.1 Fish  

Native and non-native fish were present in Ellen Brook and Ki-it Monger Brook in September 

2016. Species collected included: 

 Native fish: Nightfish (Bostockia porosa), Western Pygmy Perch (Nannoperca vittata), 

Western Minnow (Galaxias occidentalis), Swan River Goby (Pseudogobius olorum) and  

 Non-native fish: Gambusia (Gambusia holbrooki).  

These species are the same as those collected in Ellen Brook by the Department of Water 

(DoW) in 2012 (Report obtained from DoW 25 January 2017) indicating that the sampling 

program collected fish representative of the waterway resident populations. Fish representative 

of the most common species at each site were submitted for PFAS analysis, weighed, 

measured and an external examination was conducted for signs of stress (lesions, parasites or 

gill damage). The biological fish data are shown in Table 20 and PFAS data (from analysis of 

the whole fish) is shown in Table 21. Table 20 shows that all of the fish collected for the study 

were in good condition, which is supported by comparison with the CFEQG (2018) assessment 

level for the protection of fish health (9.4 mg/kg PFOS) as the highest PFOS concentration 

recorded in fish sourced from Ellen Brook and Ki-It Monger Brook was 2.4 mg/kg.  
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Typically, fish are mobile and will tend to move throughout creek systems. As Ellen and Ki-it 

Monger Brooks are ephemeral and dry out in summer, the fish will move downstream or remain 

in residual pools until water flow re-commences. At the time of sampling, there was water 

present in Ki-it Monger Brook, but no flow was observed, which may have limited the mobility of 

the fish around the time of sampling (this is discussed further in Section 6.2). The biota results 

also indicate that the fish from Ki-it Monger Brook and Ellen Brook had significant differences in 

PFAS concentrations, therefore the fish may not have moved between waterways at the time of 

sampling. However, as higher order predators (e.g. birds) will utilise all waterways in the 

Investigation Area to obtain fish and crustaceans, the Ellen Brook and Ki-it Monger Brook fish 

were assessed as providing 50% of predator diet from each waterway. Table 21 shows the fish 

PFOS plus PFHxS data for Ellen Brook and Ki-It Monger Brook used to assess the uptake by 

higher order consumers utilising the Investigation Area for their dietary requirements.  

Table 20 Biological fish data 

Site Sample Species Length 

(mm) 

Weight (g) Condition 

Biota 1 Biota 1_F5 B. porosa 85 9.3 1Good 

Biota 1_F6 B. porosa 78 6.2 1Good 

Biota 1_F7 B. porosa 55 2.8 1Good 

Biota 1_F8 B. porosa 54 2.4 1Good 

Biota 2 Biota 2_F1 B. porosa 56 2.3 1Good 

Biota 2_F2 B. porosa 52 2.0 1Good 

Biota 2_F3 B. porosa 58 2.9 1Good 

Biota 2_F4 B. porosa 51 2.3 1Good 

Biota 4 Biota 4_F1 G.occidentalis 77  No data 1Good 

Biota 4_F2 G.occidentalis 64  No data 1Good 

Biota 4_F3 G.occidentalis 68  No data 1Good 

Biota 4_F4 G.occidentalis 63  No data 1Good 

Biota 5 Biota 5_F1 B. porosa 105 16 1Good 

Biota 5_F2 B. porosa 57 2.6 1Good 

Biota 5_F3 B. porosa 41 0.81 1Good 

Biota 5_F4 B. porosa 36 0.55 1Good 

Biota 6 Biota 6_F1 B. porosa 58 3.2 1Good 

Biota 6_F2 B. porosa 43 1.6 1Good 

Biota 6_F3 B. porosa 52 2.0 1Good 

Biota 6_F4 B. porosa 42 0.74 1Good 

Biota 7 Biota 7_F1 G.holbrooki 48 1.7 1Good 

Biota 7_F2 G.holbrooki 47 1.3 1Good 

Biota 7_F3 G.holbrooki 51 1.8 1Good 

Biota 7_F4 G.holbrooki 51 1.9 1Good 

1No lesions, parasites or gill damage observed 
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Table 21 Summary of fish PFAS data 

 PFOS mg/kg PFOA mg/kg PFOS + PFHxS 

mg/kg 

Ellen Brook (Biota 1, Biota 2, Biota 4 and Biota 5) 

n 16 16 16 

% Detects 100 13 100 

Minimum 0.004 <0.0002 0.004 

Maximum 2.4 0.0002 2.49 

Mean 0.280 <0.0002 0.277 

Std Dev 0.561 <0.0002 0.569 

95% UCL 0.595 <0.0002 0.621 

Ki-it Monger Brook (Biota 6 and Biota 7) 

n 8 8 8 

% Detects 100 50 100 

Minimum 0.22 <0.0002 0.23 

Maximum 1.9 0.0013 2.0 

Mean 0.960 0.00038 1.0 

Std Dev 0.680 0.00041 0.70 

95% UCL 1.37 0.00043 1.40 

5.7.2 Crustacea 

Burrowing crustaceans were present in Ellen Brook and Ki-it Monger Brook. Species collected 

included: Gilgies (Cherax quinquecarinatus) and Yabby (Cherax destructor). The Gilgie was 

collected in Ellen Brook by the Department of Water (DoW) in sampling conducted from 2008 to 

2012 (Report obtained from DoW 25 January 2017). The Yabby was not present in the creek 

during that sampling program, however, it was present in Ki-it Monger Brook and Ellen Brook 

during November 2016 and was included in this sampling program. Both species were 

sacrificed for PFAS analysis (the crustacean tails were analysed; refer to Section 3.4.1), 

weighed, measured and an external examination was conducted for signs of stress (lesions, 

parasites or shell damage). Crustacean biological data are shown in Table 22 and a summary of 

PFAS data is shown in Table 23. Table 23 shows the crustacean PFOS plus PFHxS data for 

Ellen Brook and Ki-It Monger Brook used to assess the uptake by higher order consumers 

utilising the Investigation Area for their dietary requirements. 

Table 22 Biological crustacea data 

Site Sample Species Length 

(mm) 

Weight (g) Condition 

Biota 1 Biota 1_M1 C.quinuecarinatus 60 62 1Good 

Biota 1_M2 C.quinuecarinatus 54 46 1Good 

Biota 1_M3 C.quinuecarinatus 46 41 1Good 

Biota 1_M4 C.quinuecarinatus 50 42 1Good 

Biota 2 Biota 2_M1 C.quinuecarinatus 60 62 1Good 

Biota 2_M2 C.quinuecarinatus 54 46 1Good 
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Site Sample Species Length 

(mm) 

Weight (g) Condition 

Biota 2_M3 C.quinuecarinatus 46 41 1Good 

Biota 2_M4 C.quinuecarinatus 50 42 1Good 

Biota 4 Biota 4_M1 C.quinuecarinatus 50 No data 1Good 

Biota 4_M2 C.quinuecarinatus 44 No data 1Good 

Biota 4_M3 C.quinuecarinatus 52 No data 1Good 

Biota 4_M4 C.quinuecarinatus 60 No data 1Good 

Biota 5 Biota 5_M1 C.quinuecarinatus 50 44 1Good 

Biota 5_M2 C.quinuecarinatus 48 24 1Good 

Biota 5_M3 C.destructor 59 63 1Good 

Biota 5_M4 C.destructor 52 48 1Good 

Biota 6 Biota 6_M1 C.destructor 56 77 1Good 

Biota 6_M2 C.destructor 46 32 1Good 

Biota 6_M3 C.destructor 50 49 1Good 

Biota 6_M4 C.destructor 51 44 1Good 

Biota 7 Biota 7_M1 C.destructor 59 78 1Good 

Biota 7_M2 C.destructor 46 26 1Good 

Biota 7_M3 C.destructor 38 14 1Good 

Biota 7_M4 C.destructor 42 24 1Good 

1No lesions, shell damage or parasites observed 

 

Table 23 Summary of crustacea PFAS data 

Parameter PFOS                   

µg/kg 

PFOA                          

µg/kg 

PFOS + PFHxS 

µg/kg 

Ellen Brook and Ki-it Monger Brook (Biota 1, Biota 2, Biota 4, Biota 5, Biota 6 and Biota 7) 

n 24 24 24 

% Detects 96 58 100 

Minimum <0.2 <0.2 0.2 

Maximum 35 18 44 

Mean 13 0.44 17 

Std Dev 8.9 0.51 13 

95% UCL 17 0.68 22 

5.7.3 Sample locations 

Figure 13 and Table 24 show the sampling locations in Ellen Brook and Ki-it Monger Brook 

where the fish and crustacea were collected. 
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Table 24 Sample locations 

Waterway Site Description Photo 

Ellen Brook Biota 1 Site located upstream 
from the Site. Deep (~1 
m) tannin-stained 
sand/gravel dominated 
pools linked by very 
shallow (<3 cm) riffle 
sections. Narrow riparian 
zone dominated by Tea 
Tree and non-native 
grasses.  

 
Biota 2 Series of tannin-stained 

sand/gravel dominated 
pools and backwater 
sections (~0.5-1 m depth) 
with abundant 
submerged woody 
habitat. Narrow riparian 
zone dominated by Tea 
Tree and non-native 
grasses. 

 
Biota 4 Series of tannin-stained 

sand/gravel dominated 
pools (~0.5-1 m depth) 
with abundant 
submerged woody 
habitat. Narrow riparian 
zone dominated by Tea 
Tree and non-native 
grasses. 

 
Biota 5 Deep gravel filled pool, 

largely cleared of 
submerged woody 
habitat, downstream from 
confluence of Ellen and 
Ki-it Monger Brooks. 
Located on rural property 
downstream from the 
Site.  

 
Ki-it Monger 
Brook 

Biota 6 Deeply incised channel 
with silt/clay-dominated 
substrate. Large stands 
of emergent vegetation 
present. Shallow (<0.5 m) 
water depth with no flow 
observed. 
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Waterway Site Description Photo 

Biota 7 Incised channel with 
silt/clay-dominated 
substrate. Evidence of 
bank erosion.  Large 
stands of emergent 
vegetation present. 
Shallow (<0.5 m) water 
depth with no flow 
observed. 

 

5.8 Terrestrial Biota 

Terrestrial biota sampling was carried out on 12 September 2017. The methodology and results 

of the terrestrial biota sampling is outlined in the Consolidated DSI report (GHD 2018a). 

Twenty-four terrestrial biota samples, comprising nine flora samples, 13 invertebrate samples 

and two animal scat samples were analysed for PFAS. The samples were collected from 

Source Areas A and B where, as discussed in Section 2.5, sensitive ecological receptors were 

identified. The ecological survey report (GHD 2017) presents a complete list of terrestrial flora 

and fauna species observed within these areas. Table 25 presents a summary of the species 

sampled and the concentrations of PFOS, PFHxS and PFOA reported within each. 

Table 25 Summary of terrestrial biota PFAS analysis 

Sample ID Description PFAS Concentration (mg/kg) 

PFOS PFHxS PFOA 

Source Area A Fauna 

Area A Fauna 1A Worms 
29 1.6 0.025 

Area A Fauna 2A 
Spider 9.4 0.63 0.0052 

Area A Fauna 2B Spider 
5.7 1.2 0.025 

Area A Fauna 3A Slaters 
1.1 0.25 0.027 

Area A Fauna 4A Worms 
3.1 0.64 0.0054 

Area A Fauna 5A Slaters 
0.066 0.028 0.00077 

Area A Fauna 6A Duck scats 
0.052 0.004 0.00087 

Source Area B Fauna 

Area B Fauna 1A Rabbit scats 
0.038 0.0053 <0.0003 

Area B Fauna 2A Portuguese millipedes 
0.46 0.026 0.0065 

Area B Fauna 3A Worms 
2.6 0.62 0.0038 

Area B Fauna 4A Redback spider 
1.3 0.28 0.666 

Area B Fauna 5A Grasshopper 
0.02 0.00067 0.00052 

Area B Fauna 6A Bees 
0.0067 0.00062 0.0003 

Area B Fauna 7A Bees 
0.006 <0.0005 <0.0003 

Area B Fauna 8A Grasshopper 
0.018 0.0015 <0.0003 

Source Area B Flora 

Source B Flora 1A (shrub) Xanthorrhoea preissii 
<0.0003 <0.0005 <0.0003 

Source B Flora 2A (grass) Eragrostis curvula 
0.021 0.0099 <0.0003 
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Sample ID Description PFAS Concentration (mg/kg) 

PFOS PFHxS PFOA 

Source B Flora 3A (grass) Neurachne alopecuroidea 
0.017 0.0028 <0.0003 

Source B Flora 4A (shrub) Acacia saligna 
0.0097 0.0066 <0.0003 

Source B Flora 4B (shrub) Acacia saligna 
0.0086 0.0069 <0.0003 

Source B Flora 5A (grass) Ehrharta calycina 
0.0031 0.0037 <0.0003 

Source B Flora 6A (shrub) Gastrolobium spinosum 
<0.0003 <0.0005 <0.0003 

Source B Flora 7A (herb) Moraea flaccida 
0.0047 0.00083 <0.0003 

Source B Flora 8A (shrub) Hypocalymma angustifolium 
0.012 0.0016 <0.0003 

5.9 Data used in ERA 

Table 26, Table 27, Table 28 and Table 29 provide a summary of the exposure point 

concentrations used in the food web modelling. Where not stated, data is the 95% UCL using 

Pro UCL 5.1 software. Further information is provided in Table G1 (Appendix G). 

Table 26 Ellen Brook and Ki-it Monger Brook exposure point concentrations 

PFOS plus PFHxS 

Surface 
water 
mg/L 

1Surface 
water :  
Lot 200  

mg/L 

Sediment 
mg/kg 

2Fish 
mg/kg 

Crustaceans 

mg/kg 
Off-Site 
Soil 
mg/kg 

Off-Site 
3Grass 
mg/kg 

Off-Site 
terrestrial 
invertebrates4 
mg/kg 

0.0034 

      
0.0005 

 

0.0023 1.01 0.024 <0.0002 0.000014 0.24 

1Surface water 95% UCL from sampling sites adjacent to Lot 200 (RE_SW01, RE_SW02, RE_SW03,RE_SW04, 

RE_SW20, RE_SW21 and RE_SW22 shown on Figure 11) as these are the sampling sites that cattle have access to. 

2Fish EPC calculated using (Ellen Brook + Ki-it Monger Brook 95% UCL fish concentrations / 2 )  

3Grass estimated from the bioaccumulation rate from Source Area B and the off-Site soil concentration from the 

livestock paddock.  

4 Based on Source Area B ground dwelling invertebrates (2.4 mg/kg /10) (An order of magnitude difference between 

sediment concentration at Source Area B and off-Site), in the absence of relevant data collected from Ellen Brook and 

Ki-it Monger Brook 

Table 27 Source Areas exposure point concentrations PFOS plus PFHxS 

Area Surface 
water 
mg/L1 

Sediment 
mg/kg 

Soil 4 

mg/kg 

Invertebrates 
mg/kg 

Vertebrates 
mg/kg 

Flora 
mg/kg 

Source 
area A 

0.424 2.47 4.41 

Invertebrate 
(ground) 

20.35 

 Grass: 
0.312 

Blossom: 
0.143 

Source 
Area B 

0.0042 0.018 4.11 

Invertebrate 

2.45 

1.019 Leaves: 
0.0168 

Blossom: 
0.0146 

Insect 
(canopy): 

0.007 

Grass: 
0.0317 

1Maximum concentration for surface water.  
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2No flora samples were taken at Source Area A, therefore based on the invertebrate concentrations, a factor of 10 has 

been selected to apply to the Source Area B grass result for application as Source Area A grass.  

3 No flora samples were taken at Source Area A, therefore based on the invertebrate concentrations, a factor of 10 has 

been selected to apply to the Source Area B blossom result for application as Source Area A blossom. 

4 95% UCL for soil concentrations. 

5 The maximum worm concentration + maximum spider concentration, to represent diets consisting of mixed 

invertebrates 

6Flora 8A (blossom) 

7Maximum Grass (Flora 3A) 

8Maximum leaves (Flora 4A) 

9 Ellen Brook data adopted as EPC, in the absence of relevant data collected from Source Area B 

Table 28 shows the data used for the food web modelling for the Oblong Tortoise and 

Squelching Frog that may have limited habitat. The data from Biota 6 has been selected to 

represent the most impacted site in the waterways and been used to determine the exposure 

point concentrations. This will likely result in a conservative intake estimate for the Oblong 

Tortoise and the Squelching Frog present in other areas of Ellen Brook  and Ki-it Monger Brook.   

Table 28 Biota 6 exposure point concentrations PFOS plus PFHxS  

Site Fish            

mg/kg 

Sediment       

mg/kg 

Water         

mg/L 

Invertebrates 

(aquatic) mg/kg 

Invertebrates 

(terrestrial) mg/kg 

Biota 6 1.93 0.0027 

RK_SS14 

0.011 

RK_SW14 

0.030 0.241 

1 Based on Source Area B ground dwelling invertebrates (2.4 mg/kg)/10 (the factor  10 is based on Area A/Area B ratios 

observed in the invertebrate concentrations). 

Reptiles that may have a limited home range such as the dugite and the black headed monitor 

have also been assessed using the water quality and sediment quality from Biota Site 6 and 

invertebrate data from Source Area B to provide what is likely to represent a near “worst case” 

estimate of PFAS ingestion.  

Table 29 shows the EPCs used to assess the food intake of the Western Swamp Tortoise that 

reside in the Twin Swamps Nature Reserve and the Ellen Brook nature Reserve.   

Table 29 Western Swamp Tortoise habitat concentrations PFOS plus PFHxS 

Site Water mg/L Sediment 

mg/kg 

Invertebrates 

(aquatic) mg/kg 

Twin Swamps Nature Reserve 0.0002 0.002 0.0241 

Ellen Brook Nature Reserve (SW_29) 0.000405 0.0014 0.0241 

1 Source Area B data * 0.1 adopted as EPC, in the absence of relevant data collected from the Twin Swamp Nature 

Reserve or Ellen Brook Nature Reserve 
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6. Risk Characterisation 

This section on risk characterisation combines the exposure data presented in Section 3 with 

the toxicity assessments as determined using the selected criteria from Table 13. 

6.1 Preliminary risk characterisation 

This Section provides a preliminary review of the exposure point concentrations shown in Table 

26 to Table 28 to provide an indication of the nature of the potential risks to the ecosystem 

based on measured concentrations prior to conducting the ERA using food web modelling. The 

results from the preliminary risk characterisation are summarised in Table 30, where the PFAS 

criteria (Table 13) are compared with the exposure point concentrations of PFOS plus PFHxS 

data shown in Table 26 to Table 28. Where the data exceeds the criteria a potential risk of direct 

toxic effects may be present and further investigation is warranted. This further investigation is 

the food web modelling conducted in Section 5.3. In addition, prey organisms (fish, crustacea, 

terrestrial invertebrates and plants) are compared to the Canadian dietary guidelines adopted 

by the NEMP (2018). As discussed in Section 4.2.1, PFOA has not been included in the 

ecological risk assessment. 
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Table 30 Preliminary Risk Characterisation to exposed biota 

Area Receptor Media 
Exposure point 

concentration 

Assessment levels Risk characterisation outcomes 

Direct 

Toxicity 
Bioaccumulation  

Likelihood of direct toxic 

Effects 
Likelihood of bioaccumulation 

Area A 

(onsite) 

Aquatic 

organisms 

Sediment 

mg/kg 
2.47 (Area A) 0.220 8 - 

Unlikely onsite as no sensitive 

aquatic ecosystem is present 

(constructed drainage 

channels only) 
Bioaccumulation in higher order 

consumers through the food 

web is possible - evaluated via 

food chain modelling (Section 

6.3) 

Surface 

water µg/L 
424 (Area A) 31 1 - 

Terrestrial 

organisms 

Soil mg/kg 4.41 1.0 5 0.14 6 

Possible. A limited number of 

sensitive plants could present 

chronic toxicity 

Terrestrial 

flora µg/kg 
310 (estimate) - 

4.67 (mammalian) 

8.24 (avian) 
Possible. Sensitive species 

may present chronic toxicity 
Terrestrial 

invertebrates 

µg/kg 

10,000 (insect)     

 31,000 (worm) 
- 

4.67 (mammalian) 

8.24 (avian) 

Area B 

(onsite) 

Aquatic 

organisms 

Sediment 

mg/kg 
0.018 (Area B) 0.220 8 - 

Unlikely onsite as no sensitive 

aquatic ecosystem is present 

(constructed drainage 

channels only) 

Bioaccumulation in higher order 

consumers through the food 

web is possible - evaluated via 

food chain modelling (Section 

6.3) 

Surface 

water µg/L 
4.2 (Area B) 31 1 - 

Terrestrial 

organisms 

Soil mg/kg 4.11 1.0 5 0.14 6 

Possible. A limited number of 

sensitive plants could present 

chronic toxicity 

Terrestrial 

flora µg/kg 
31 (estimate) - 

4.67 (mammalian) 

8.24 (avian) 

Possible. Sensitive species 

may present chronic toxicity 
Terrestrial 

invertebrates 

µg/kg 

1,500 (insect)     

3,320 (worm)    

0.7 (insect, 

canopy) 

- 
4.67 (mammalian) 

8.24 (avian) 
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Area Receptor Media 
Exposure point 

concentration 

Assessment levels Risk characterisation outcomes 

Direct 

Toxicity 
Bioaccumulation  

Likelihood of direct toxic 

Effects 
Likelihood of bioaccumulation 

Ellen 

Brook and 

Ki-it 

Monger 

Brook 

Aquatic 

organisms 

Sediment 

mg/kg 
0.0023 0.220 8 - 

Unlikely risk of toxic effects to 

organisms with direct exposure 

Bioaccumulation in higher order 

consumers through the food 

web is possible - evaluated via 

food chain modelling (Section 

6.3) 

Surface 

water µg/L 
3.4 0.13 2 - 

Possible chronic effects on 

aquatic organisms throughout 

the Brooks of the Investigation 

Area 

Fish mg/kg 1.01 9.4 3 0.0082 4 

Unlikely to have short term 

direct toxic effects to individual 

fish. 

Crustacea 

mg/kg 
0.022 - 0.0082 4 - 

1: NEMP (2018) 80% species protection 

2: NEMP (2018) 95% species protection 

3: Environment and Climate Change Canada (2018)Toxic effects to fish 

4: Environment and Climate Change Canada (2018) Avian consumption of prey 

5: NEMP (2018) Interim soil – ecological direct exposure 

6: NEMP (2018) Interim soil – ecological indirect exposure 

7: Mammalian diet Canadian Federal Environmental Quality Guidelines (2018) 

8: Norwegian sediment guidelines (Bakke 2010) 
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It must be noted that the Australian and New Zealand Guidelines for Fresh and Marine Water 

Quality – technical draft default guidelines as provided in NEMP (2018) for PFOS and PFOA 

have not yet been approved by The Federal Department of Agriculture and Water Resources. 

Australian and New Zealand water quality guidelines apply to natural waterways not to surface 

water drainage systems that are unlikely to support an aquatic ecosystem. However, for 

comparison purposes, the Australian and New Zealand Guidelines for Fresh and Marine Water 

Quality – technical draft default guidelines as provided in NEMP (2018) 80% species protection 

assessment levels were applied to the drainage channels. 

6.1.1 Soil and terrestrial biota results 

Soils sampled from Source Area A and Source Area B, which are the Source Areas that 

features sensitive ecology (as described in Section 2.2.6 and 3.1), recorded levels of PFOS 

above the NEMP (2018) interim soil direct toxicity guidelines. The ecological relevance of this 

interim guideline (1 mg/kg for open spaces) is limited, as it is not based on laboratory–based 

toxicity data but on human health criteria. Limited research on the potential impact of PFOS on 

terrestrial organisms has been undertaken to date. The soil dwelling earthworm (Eiseneia fetida) 

showed no adverse effects at PFOS concentrations in soils lower that 77 mg/kg, in a 42 days 

exposure (Beach et al. 2006). Several plants (including onion, rygrass, alfalfa, flax, lettuce, 

soybean and tomato) exposed to soils containing PFOS showed no effects at a range of 3.9-

1000 mg/kg for 21 d exposure for emergence and shoot height (Beach et al. 2006). The lowest 

concentration that showed an effect significantly different from the controls was at 3.91 mg/kg 

for lettuce shoot height. This indicates that sensitive species may show chronic effects related to 

PFOS concentrations within the soils.  

Additionally, the reported PFOS concentrations in the plants and invertebrates sampled in this 

Source Area suggest that PFOS enters the food chain via these lower order organisms. The 

recorded concentrations exceed the CFEQG (2018) assessment levels for avian and 

mammalian consumption, indicating the potential exists for bioaccumulation and subsequent 

health effects to occur to these higher order consumers. However, the sizes of Source Area A 

and Source Area B suggest that they are unlikely to support populations of higher order 

consumers, however, these may be transient in the area and may obtain a small percentage of 

their diet from these Source Areas.  

Conclusion 

Concentrations in soils from Source Area A and Source Area B exceeded the assessment level 

for direct toxicity. Whilst this may indicate a potential risk of adverse effects, laboratory–based 

direct toxicity data indicates that effects in earthworms typically occur at substantially higher 

concentrations. However, effects at lower concentrations than those observed Source Area A 

and Source Area B have been reported for some plants (i.e. lettuce), indicating a potential risk 

of adverse direct effects to sensitive plants. 

Biota were sampled from Source Area A and Source Area B. The concentrations of PFOS plus 

PFHxS at the sites indicate that there is accumulation in lower order consumers and possible 

bioaccumulation in higher order consumers. Indirect effects due to bioaccumulation have been 

assessed through food web modelling. Biota has been included in the ERA and as terrestrial 

organisms may ingest soil during feeding, the soils have been included in the ERA. 

6.1.2 Sediment results 

Sediments were sampled and analysed from drainage channels on-Site and natural waterways 

off-Site. Table 30 compares the sediment data with the selected assessment level. The 

likelihood of aquatic populations establishing themselves in the drainage channel sediments on-

Site is very low due to the lack of suitable habitat and the wet/dry nature of the drains. However, 
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as terrestrial organisms may access the drainage channels for drinking water, the sediments 

have been included in the ERA as sediment uptake will likely occur during drinking/feeding. 

The PFOS plus PFHxS concentrations measured in sediments in Ellen and Ki-it Monger Brook 

were orders of magnitude lower than those recorded in the drainage channels and the adopted 

assessment criterion. Therefore, the risk of toxic effects to aquatic populations living in the 

Brook sediments is likely to be low.  

Conclusion 

The risk of direct toxic effects from exposure to the concentrations of PFOS plus PFHxS 

measured in sediments to aquatic sediment dwelling organisms off-Site is likely to be negligible. 

However, the sediments data from Ellen and Ki-it Monger Brooks has been included in the 

detailed food chain assessment (Section 6.3) to evaluate the risks associated with the 

bioaccumulation of PFAS in higher order receptors due to sediment ingestion while feeding.   

6.1.3 Surface water results 

Surface water was sampled from off-Site natural waterways (Ellen Brook and Ki-it Monger 

Brook) and from drainage channels on-Site. Table 30 provides a comparison of the PFOS plus 

PFHxS 95% UCL of the surface water with the selected assessment levels. The 95% UCL 

concentration of PFOS plus PFHxS within the drainage channel surface water exceeded the 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality – technical draft 

default guidelines 80% species protection assessment level. It is noted that the drainage 

channels are unlikely to support aquatic populations however, there is potential for ingestion of 

water by terrestrial fauna using the Site.   

The 95% UCL concentration of PFOS plus PFHxS in the Brooks is above the Australian and 

New Zealand Guidelines for Fresh and Marine Water Quality – technical draft default guidelines 

95% species protection level of 0.13 µg/L. Exceedances of this protection level were recorded 

throughout the portions of the Brooks that extend along the Site boundaries, particularly at the 

drainage discharge points, and within the downstream portion of Ellen Brook as far south as 

sample location RE_SW29 (approximately 3.2 km downstream of the Site within Ellen Brook 

Nature Reserve). Figure 15 presents the sampling locations and concentrations that exceeded 

the 95% protection level. Based on Australian and New Zealand Guidelines for Fresh and 

Marine Water Quality – technical draft default guidelines, the potential for impacts on receptors 

within the ecosystem as a result of these concentrations requires further investigation and is 

discussed below.  

Potential for aquatic toxicity 

The PFOS plus PFHxS 95% UCL for the surface water in Ellen Brook and Ki-it Monger Brook of 

3.4 µg/L has been compared to aquatic PFOS toxicity data derived from the literature for 

various trophic levels. The most obvious aspect of PFOS toxicity is the range of sensitivities 

within and between taxonomic groups (Table 12; Section 4.1). The results indicate that the 

multigenerational study using zebrafish in the laboratory was the most sensitive endpoint with a 

no observed effect concentration (NOEC) of 0.3 µg/L and a lowest observed effect 

concentration (LOEC) at 0.7 µg/L (Kieter et al. 2012).  This may have implications for fish 

reproduction in Ellen Brook and Ki-it Monger Brook as the PFOS plus PFHxS concentration in 

the waterways at the time of sampling had a maximum of 4.5 µg/L in Ellen Brook and a 

maximum of 11.3 µg/L in Ki-it Monger Brook.  

The sampling conducted for this study the presence of Oblong Tortoises and frogs were 

observed in Ellen Brook. The tortoise was not observed in Ki-it Monger Brook at the time of 

sampling. However, this investigation assumes that the Oblong Tortoise and frogs will utilise Ki-

It Monger Brook and Ellen Brook to provide habitat and dietary requirements. The presence of 
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these species may indicate that sufficient prey species are present in the brooks within the 

Investigation Area for these two species to reside. The Oblong Tortoise is a predator whose 

natural diet consists of fish, crustaceans, snails, dragonflies, insects, frogs, tadpoles and 

invertebrates. The assumption of sufficient prey organisms is supported by the NOEC data 

presented in Table 12 where the NOEC concentrations for the taxonomic groups that consist of 

the prey species (8.0 to 82,000 µg/L) are generally higher than the maximum surface water 

concentration in Ki-it Monger and Ellen Brook for PFOS plus PFHxS (11.3 and 4.5 µg/L 

respectively). Based on the ecotoxicity data available in the literature for aquatic prey 

organisms, it is considered unlikely that the reported surface water concentrations would cause 

observable or ecologically relevant effects to populations. However, as ecotoxicity tests have 

only been conducted on a subset of species within this group, and some have reported surface 

water concentrations of a similar order of magnitude to the reported NOECs for some species, 

the potential for adverse effects to some species within this group and/or in some locations 

cannot be entirely ruled out. 

Conclusions 

Water concentrations of PFOS plus PFHxS in Ellen Brook and Ki-it Monger Brook are unlikely to 

adversely impact macroinvertebrate and plant populations based on toxicity data presented in 

Table 12. The potential exists however for impacts on some other aquatic organisms, for which 

the reported toxicity endpoints are of a similar order of magnitude to the reported concentrations 

For example, effects on fish and insect reproduction have been observed at concentrations of a 

similar order of magnitude as those identified in Ellen Brook and Ki-it Monger Brook (Table 12).  

6.1.4 Biota results 

Fish 

The whole-of-fish 95% UCL for PFOS plus PFHxS in Ellen and Ki-it Monger Brook, as shown in 

Table 26 (1.01 mg/kg) and the maximum concentration of 2.4 mg/kg were below the Canadian 

(2018) guideline for protection of fish health of 9.4 mg/kg. These results indicate that risk of 

adverse health effects to the fish are unlikely. It must be noted that the Canadian Guideline 

value is an order of magnitude lower than that proposed by Giesy et al. (2010) namely, 87 

mg/kg as a concentration that is not expected to pose a risk to aquatic populations.  

The Canadian Guideline comparison does seem to contradict the toxicity results from exposure 

to water concentrations of PFOS for multigenerational fish studies (Keiter et al. 2012) that 

provide an indication that there may be a risk to fish populations in the Brooks as discussed 

previously. It is important to note that the laboratory toxicity results are based on exposure to 

static concentrations, and do not take into account variations in concentrations that would be 

encountered in the environment. In Ellen Brook and Ki-it Monger Brook, the PFOS 

concentrations will be affected by surface water runoff entering the waterways via the Site 

drainage channels. There is potential for PFOS concentrations to either be diluted from volumes 

entering the creeks from upstream during a rain event or to increase as a result of mobilisation 

of sediments from the drainage channels entering the Brooks. It is important to note that the 

potential for PFOS to re-enter the water column from suspended sediment particles is not well 

understood, though there is potential for PFOS to partition to the water from the suspended 

sediment depending on the suspended solid concentrations and the concentration of PFOS on 

the particles (Ahrens et al. 2011).  

The fish and crustacean PFOS plus PFHxS concentrations in Ellen Brook and Ki-it Monger 

Brook exceed the Canadian wildlife diet guidelines (Table 13) indicating that ingestion of biota 

from the waterways has the potential to bioaccumulate and possibly cause measurable chronic 

adverse effects in sensitive higher order consumers. 
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Crustacea 

The PFOS plus PFHxS surface water 95% UCL of 3.4 µg/L is lower than even the lowest 

referenced NOEC (Table 12) (range of 8.0 to 6,000 µg/L NOEC values) available in the 

literature for crustaceans. On this basis it is considered unlikely that the reported surface water 

concentrations would cause observable or ecologically relevant effects to populations of these 

organisms. However, as ecotoxicity tests have only been conducted on a subset of species 

within this group, the potential for adverse effects to some species within this group and/or in 

some locations cannot be entirely ruled out.  

Fish and Crustaceans 

Interestingly, the fish collected in Ki-it Monger Brook had a significantly higher body burden of 

PFAS than those collected from Ellen Brook even though the surface water and sediment 

concentrations from both sites were not significantly different. One aspect that may account for 

the differences in the fish concentrations in Ki-it Monger Brook is that the lengths of the fish 

were significantly different (P<0.05) between Ki-it Monger Brook and Ellen Brook. Generally, B. 

porosa collected in K-it Monger Brook were smaller than those collected in Ellen Brook. Recent 

studies have shown that smaller fish will have a higher body burden than larger fish (Taylor et 

al. 2016). However, insufficient sample numbers in Ki-it Monger Brook would not allow a 

statistical analysis to be conducted on the significance of this observation. The comparison of 

fish size (length and weight) to PFOS concentrations shows no significant difference (P>0.05), 

therefore the differences in PFOS concentrations between fish in Ellen Brook and Ki-it Monger 

Brook cannot be attributed to the length or weight of the fish. The differences in PFOS 

concentrations may be due to higher concentrations in prey organisms in Ki-it Monger Brook, 

though this has not been assessed. 

All the fish assessed for PFAS contamination in this study have similar feeding habits i.e. all are 

carnivores feeding on benthic invertebrates, insect larvae and ostracods. G.holbrooki also feeds 

on native fish and frog eggs. B. porosa are relatively long-lived (six years)5 when compared to 

G. occidentalis and G. holbrooki (one to two years). As there were no significant differences in 

PFAS concentrations between species, longevity is not related to the PFAS concentrations 

within the fish. Differences in stages of maturation and gender can make a difference in body 

burdens of contaminants in fish. Impacts on the stage of fish maturation and gender of PFAS 

body burdens are unknown. However, there may be a reduction in body burden, particularly in 

females, based on the release of eggs which may contain PFAS (Jorundsdottir et al. 2014). 

As PFOS plus PFHxS concentrations in the fish from Ellen Brook and Ki-it Monger Brook are 

below the selected criteria, the difference in the ecological impacts due to the body burdens of 

PFOS plus PFHxS from both fish populations will not be significant. However, understanding the 

source of the higher body burden in fish in Ki-it Monger Brook may assist in providing 

appropriate management options to reduce the amount of PFAS entering Ki-it Monger Brook 

from Source Area A and Source Area B.  

The crustacea collected from Ellen Brook and Ki-it Monger Brook contained similar 

concentrations of PFAS in the tail tissue. Both species (C. quinquecarinatus and C. destructor) 

have the same burrowing habit and are scavengers, feeding on benthic detritus. As these 

species are in constant contact with the sediments in the creeks, it was expected that a greater 

exposure would lead to higher body burdens. As only the tail tissue was assessed for PFAS 

concentrations, the complete body burden of the crustaceans were unable to be determined. As 

discussed in Section 3.4.1, the limited data that is available suggests that crustacean tail meat 

concentrations are likely to be similar to total organism concentrations. Given the limitations of 

                                                      
5 http://fishesofaustralia.net.au/home/species/1591 
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the available dataset however, some uncertainty remains in association with the use of tail meat 

data as exposure point concentrations.  

Terrestrial biota 

All biota sampled from Source Area A and Source Area B contain PFAS at concentrations in 

excess of the Canadian wildlife dietary criteria (2018). These results indicate that there is 

potential for bioaccumulation and potential for measurable chronic adverse effects in higher 

order predators. 

Conclusion 

Based on the ecotoxicity data in the literature for fish, it is considered unlikely that the reported 

biota concentrations would cause observable or ecologically relevant effects to populations. 

However, as only a limited ecotoxicity dataset linking fish body burdens with ecotoxic effects, 

the potential for adverse effects to some aquatic organisms and/or in some locations cannot be 

entirely ruled out. In addition, ecotoxicity data is not currently available to evaluate the potential 

ecotoxicity effects associated with PFOS body burdens of other aquatic organisms (e.g. 

crustaceans).  

Exceedances of the Environment and Climate Change Canada (2018) guidelines for both avian 

and wildlife consumption indicate that there is potential for bioaccumulation in higher order 

predators from both aquatic and terrestrial biota. This is further discussed in Section 6.2. 

6.2 Bioaccumulation in biota 

To understand the relationship between the soil, water and sediment to exposed organisms, 

Kwadijk et al. (2014) calculated bioaccumulation factors for water (BAF) and sediment (BSAF) 

for PFOS in selected biota. Lasier et al. (2011), Thompson et al. (2011) and Kwadijk et al. 

(2014) used field data obtained for accumulation of PFOS in aquatic environments to determine 

the relationships between environmental concentrations and uptake by aquatic organisms. 

These formulae have been applied to determine the bioaccumulation in exposed organisms for 

PFOS plus PFHxS.  

The following formulae from Lasier et al. (2011), Kwadijk et al. (2014) and Thompson et al. 

(2011a) were applied to the PFOS plus PFHxS data collected in Ki-it Monger and Ellen Brooks 

and Source Areas as shown in Table 26 and Table 27: 

Sediment –water distribution coefficient: 

 

KD = CSediment/CWater 

where KD  is the sediment-water distribution coefficient, CSediment is the concentration in the 

sediment (µg/kg) and CWater is the concentration in the overlying water (µg/L) (Kwadijk et al. 

2014). 

Field-based biota-water bioaccumulation factor 

  

BAF = CFish/CWater 

where BAF (L/kg) is the bioaccumulation factor, CFish is the concentration in the fish (µg/kg) and 

CWater is the concentration in the water (µg/L) (Kwadijk et al.2014). 

Field-based biota-sediment bioaccumulation factor 

 

BSAF = CFish/CSediment  

 

where BSAF is the bioaccumulation factor, CFish is the concentration in the fish (µg/kg) and 

CSediment is the concentration in the sediment (µg/kg) (Kwadijk et al. 2014). 
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Field-based biota-soil bioaccumulation factor 

 

BAFsoil = CFbiota/CSoil  

where BAFsoil is the bioaccumulation factor, Cbiota  is the concentration in the biota (plants and 

invertebrates) (µg/kg) and CSoil is the concentration in the soil (µg/kg). 

Bioaccumulation factors for biota data have been calculated for each biota sampling location 

(Table 31) and for Source Area A and Source Area B (Table 32). These calculations utilise the 

data from the DSI report, presented in Appendix B. The terrestrial BAF results assume that biota 

takes up PFAS through the soil. Bioaccumulation factors for aquatic biota in Ellen Brook and Ki-

it Monger Brook are based on the mean data for fish and crustaceans  at each biota sampling 

site. Lasier et al. (2011) presents  data as the mean bioaccumulation factor for each site 

studied. As the water and sediment concentrations are the same at each Ellen Brook and Ki-it 

Monger Brook biota sampling site for all bioaccumulation calculations, the use of the mean fish 

and crustacean data were considered suitable in this instance.  

Table 31 Bioaccumulation factors PFOS plus PFHxS (off-Site) 

Site Media  Concentrationa KD 

 

BAF 

(Fish) 

BAF 

(Crust) 

BSAF 

(Fish) 

BSAF 

(Crust) 

Biota 1 Water (µg/L) 0.0053 NA 9,434 122 NA NA 

Sediment 

(µg/kg) 

<0.2 

Fish (µg/kg) 50 

Crustacean 

(µg/kg) 

0.65 

Biota 2  Water (µg/L) 0.16 18 1,615 131 88 7.1 

Sediment 

(µg/kg) 

2.4 

Fish (µg/kg) 210 

Crustacean 

(µg/kg) 

17 

Biota 4  Water (µg/L) 0.76 3.2 134 33 43 10 

Sediment 

(µg/kg) 

2.4 

Fish (µg/kg) 102 

Crustacean 

(µg/kg) 

25 

Biota 5 Water (µg/L) 1.8 0.83 453 9.4 543 11 

Sediment 

(µg/kg) 

1.5 

Fish (µg/kg) 815 

Crustacean 

(µg/kg) 

17 

Biota 6 Water (µg/L) 11.3 0.24 116 2.9 485 12 

Sediment 

(µg/kg) 

2.7 
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Site Media  Concentrationa KD 

 

BAF 

(Fish) 

BAF 

(Crust) 

BSAF 

(Fish) 

BSAF 

(Crust) 

Fish (µg/kg) 1310 

Crustacean 

(µg/kg) 

33 

Biota 7 Water (µg/L) 2.0 1.3 349 6.0 268 4.6 

Sediment 

(µg/kg) 

2.6 

Fish (µg/kg) 697 

Crustacean 

(µg/kg) 

12 

NA = Unable to calculate 

a Water and sediment concentration are single data points. Fish and crustacean concentrations are mean values of 4 

data points. 

Table 32 Bioaccumulation factors PFOS plus PFHxS (on-Site) 

Site Media Concentrationa KD  BAF(soil) 

Source 

Area A 

Water (µg/L) 378a 6.5  

Sediment (µg/kg) 2,470a 

Soil (µg/kg) 4,410b 

Worm (µg/kg) 31,000a 7.0 

Insect (µg/kg) 10,000a 2.3 

Grass (µg/kg) 310c 0.07 

Source 

Area B 

Water (µg/L) 4.2a 4.3  

Sediment (µg/kg) 18a 

Soil (µg/kg) 4,112b 

Worm (µg/kg) 3,320a 0.81 

Insect (ground) (µg/kg) 1,500a 0.36 

Insect (Canopy) (µg/kg) 0.7 0.00015 

Leaves (µg/kg) 16b 0.0039 

Blossom (µg/kg) 14a 0.0034 

Grass (µg/kg) 31a 0.0075 

a Maximum concentrations for surface water, sediments, worms, insects, blossom, leaves and grass  

b 95% UCL for soil concentrations.  

c No flora samples were taken at Source Area A, therefore based on the invertebrate concentrations, a factor of 10 has 

been selected to apply to the Source Area B grass result for application as Source Area A grass.  

The sediment – water distribution coefficient (KD) for the Brooks and on-Site drainage channels 

were an order of magnitude different with the on-Site KD higher, relating to the higher sediment 

concentrations on-Site.  These results indicate that the concentrations within the sediment do 

have an influence on the concentrations within the water column with a general positive 

correlation between the sediment and water concentrations. A Dutch contaminated site 

recorded a KD for PFOS of 13 (Kwadijk et al. 2014), however, a contaminated site in the USA 

recorded a KD value of 63 (Lasier et al. 2011) and an uncontaminated site in the Netherlands 

recorded a KD value of 163. These values indicate that elevated PFOS concentrations in 
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sediment are likely to contribute to elevated PFOS concentrations in water, until an equilibrium 

is reached.   

A BAF of 1,440 for whole fish recorded at a Dutch contaminated site was higher than those 

calculated for Ellen Brook and Ki-it Monger Brook sites. The Dutch BAF agrees with BAFs 

reported by the US EPA (2014) which states that PFOS BAFs are between 1,000 and 4,000, 

however, the BAF for Ellen Brook and Ki-it Monger Brook fish were mostly beyond this range 

(i.e. ranging from 116 to 9,434). 

The BSAF for fish are higher than the BAF, indicating that the majority of the PFOS plus PFHxS 

concentrations in fish tissue are coming from the water column and the diet with some 

contribution from the sediment.  

At location Biota 1, surface water concentrations were low (i.e. a PFOS plus PFHxS 

concentration of 0.0053 µg/L) although a BAF of 9,434 is calculated. This elevated BAF in 

conjunction with the low surface water concentration indicates that the fish sampled at location 

Biota 1 have accumulated PFAS from elsewhere in the Brook. However, it is noted that across 

all aquatic biota sampling locations, there appears to be a broad correlation between the 

recorded surface water concentrations and fish concentrations and this may indicate that, at the 

time of sampling, the range of fish movement throughout the Brooks was limited to the vicinity of 

the sampling sites. The correlation could also reflect the conditions encountered at the time of 

completing the biota sampling namely, the limited flow of water throughout the Brooks, 

particularly Ki-it Monger Brook, where no flow was observed (refer to Section 5.7.3).   

Whether the fish utilise a localised or more extensive portion of the Brooks is not considered to 

be significant in terms of the outcomes of the ERA, given that fish samples collected from all 

locations reported PFOS concentrations below the draft CFEQG assessment level for the 

protection of fish health (8.3 mg/kg PFOS). Higher order consumers such as birds will utilise 

extensive portions of the Brooks to obtain their diet and in this regard, the 95% UCL of the fish 

tissue data has been used to assess potential intake of PFAS to these consumers from fish 

consumption, which is considered appropriate.  

The terrestrial bioaccumulation factors show that soil dwelling organisms have a higher PFAS 

uptake than those living above ground, particularly insects living in the canopy. The plant 

material shows limited uptake to leaves and blossoms when compared to soil concentrations.   

6.2.1 Risks of toxic effects associated with bioaccumulation 

The results discussed in Section 5.1 show that there is potential for the concentrations of PFAS 

detected in soils and surface waters to cause toxic effects in biota as a result of direct exposure. 

Whilst sediment and surface water exceeded the assessment criteria at Source Area A 

however, the absence of sensitive ecological receptors in this area limits the risk of potential 

effects in biota. Soil concentrations in Source Area A and Source Area B, while exceeding the 

assessment criteria, would pose an adverse effect only for a the most sensitive plants, 

according to laboratory-based studies.  

The concentrations of PFOS plus PFHxS detected in fish and crustacea do not exceed the 

direct toxicity criteria for fish (see Table 13). These conclusions are based on a total of 20 fish 

collected within Ellen Brook and Ki-it Monger Brook, which provide a combined PFOS plus 

PFHxS 95% UCL of 1.01 mg/kg with the maximum value of 2.4 mg/kg observed at Ellen Brook 

(also below the guideline). Given the number of samples and the relatively low variability, it is 

unlikely that PFOS plus PFHxS fish tissue concentrations result in direct toxicity to these 

organisms. However, the selected criteria for avian and wildlife diet have been exceeded and 

these do include consideration of chronic toxic effects due to bioaccumulation, biomagnification 

and exposure via multiple pathways. Therefore, the risks of measureable adverse effects due to 

bioaccumulation in higher order predators consuming aquatic biota from Ellen Brook and Ki-it 



 

66 | GHD | Report for Department of Defence  - RAAF Base Pearce PFAS Investigation, 61/33334  

Monger Brook and those consuming terrestrial biota from the Source Areas have been 

assessed. 

Potential for toxic effects associated with complete identified exposure pathways for receptors of 

concern have been quantitatively assessed using food web models derived by the US EPA.  

6.3 Food Web Modelling 

As shown in Section 6.2, the bioaccumulation factors for PFOS plus PFHxS vary between 

source media, source concentrations and biota species. The variability means that using 

bioaccumulation factors for estimating the bioaccumulation in higher order consumers will not 

be appropriate. A semi-quantitative food web modelling approach conducted in accordance with 

methods developed by the USEPA (1993 and 1999) has been identified as an appropriate 

method for assessing potential exposure and risk of measurable chronic effects of PFAS in the 

diet of mammals, birds and reptiles in the Investigation Area. The intake rates of PFAS are 

estimated using available environmental data and species-specific exposure parameters as 

identified by a qualified ecologist.  

6.3.1 Food web intake calculations 

The following equations have been used to estimate species-specific intake of PFOS plus 

PFHxS from food, water and soil/sediment sources (Sample et al. 1997): 

Equation 1 

Intakej =  𝐼𝑛𝑡𝑎𝑘𝑒 𝑗 = (
𝐴

𝐻𝑅 
⌊∑ ∑ 𝑃𝑖𝑘 (𝐼𝑖 × 𝐶𝑗𝑖)𝑛

𝑘=1
𝑚
𝑖=1   ⌋) 

Where:  

Intakej = Total oral exposure to contaminant (j) (mg/kg/day) (intake rate) 

A = Area (ha) contaminated  

6HR = Home range size (ha) of receptor  

m = Total number of ingested media (e.g. food, water, soil/sediment) 

n = Number of types of media (i) consumed (unitless) 

Pik = Proportion of type (k) of medium (i) consumed (unitless) 

Ii = Ingestion rate for medium (i) (kg/ kg body weight/day or L/kg body weight/day) 

Cji = Concentration of contaminant (j) in medium (i) (mg/kg or mg/L) 

Ingestion rates for receptors have been estimated based on the following equation: 

Equation 2 

Ii = IngRi / BW 

Where: 

Ii = Ingestion rate (kg/ kg body weight/day) 

IngRi = Ingestion rate of food (food source) (kg/day) 

                                                      

6 Local: Stays within the general monitoring area in appropriate habitat (Source Area A: 12.4 Ha, Source Area B: 25.6 

Ha) 

Regional: Moves outside the monitoring area but remains in the region (Investigation Area size of 2,930 Ha) 
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BW = Body weight of receptor (kg) 

Food ingestion rates for each receptor have been estimated based on data published by the US 

EPA (1993) and Nagy (2001). There are limited data on ingestion of soils/sediments for wildlife, 

therefore estimated percent soil in diet has been obtained from US EPA (1993): selected for 

each trophic niche: 

 Birds: Herbivorous, ground dwelling insectivorous and omnivorous 8.2% soil/sediment in 

diet. 

 Birds: Carnivorous, 2% soil/sediment in diet.  

 Mammals: 2.8 % soil/sediment in diet. 

 Reptiles and amphibians: 4.5 % soil/sediment in diet. 

The water ingestion rate has been based on the following USEPA equations. The USEPA have 

a default water ingestion rate for reptiles and amphibians of 0.0001 L/day (US EPA 1999).  

Equation 3 – Water ingestion rate – birds 

WI = 0.059 x Wt0.67 

Where: 

WI = Drinking water ingestion (L/day) 

Wt = Representative receptor body weight 

Equation 4 – Water ingestion rate – mammals 

WI = 0.099 x Wt0.90 

Where: 

WI = Drinking water ingestion (L/day) 

Wt = Representative receptor body weight 

6.3.2 Estimated potential for toxic effects to receptors of concern 

To evaluate the potential for toxic effects to higher order predators from exposure to PFOS + 

PFHxS, identified receptors and prey organisms for each area of investigation were included in 

a food web model to delineate the areas with a risk of measurable toxic effects for species on- 

and off-Site. The receptor intake as calculated from the equations above was assessed against 

the selected TRVs in Table 14 using the Hazard Quotient approach.  

Hazard quotient 

To assess the potential for toxic effects associated with estimated PFOS plus PFHxS intakes in 

identified receptors, the calculated intake concentrations for each receptor have been compared 

to adopted toxicity reference values (Table 14) to determine a hazard quotient.  

HQ = Intakej / TRV 

Where: 

HQ = Hazard quotient for organisms 

Intakej = Estimated total oral exposure for PFOS from assessed exposure pathway 

TRV = Toxicity reference value adopted 
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Hazard Indices 

The hazard index (HI) is the summed HQs for all exposure pathways for each contaminant in 

accordance with NEPM (2013). The HI is calculated: 

HI = ∑HQ 

Where: 

HI = Hazard index for organisms  

As only one contaminant (PFOS plus PFHxS) has been used in this model, the HQ is equivalent 

to the HI.  

A target HI value of 1 has been adopted for the risk assessment.  

 NOAEL HI <1: The estimated risk of adverse chronic effects to the species from PFAS 

exposure is considered low and acceptable. 

 NOAEL HI >1 LOAEL HI <1: The estimated exposure level exceeds that at which no 

adverse chronic effects are expected, but is below the lowest levels at which effects have 

been reported. The potential for elevated exposure cannot be ruled out, but measurable 

and ecological relevant adverse effects are considered unlikely 

 LOAEL HI >1: The estimated exposure scenario exceeds levels at which adverse effects 

have been reported. The magnitude of any adverse effects cannot, however, be reliably 

estimated given the significant degree of uncertainty involved in the screening and 

modelling process.  

The PFOS plus PFHxS data (adopted exposure point concentrations) used to calculate the HI 

are shown in Table 26 to Table 28. Appendix G shows the receptor exposure parameters used 

to calculate the PFOS plus PFHxS intake. 

Table 33 shows the HI for PFOS plus PFHxS using the intake data shown in Appendix G and 

the TRVs shown in Table 14.  

Significance to individuals and populations 

The level of significance associated with the calculated HIs has been assessed in Table 33 on 

the following basis:  

 A NOAEL and LOAEL <1 the estimated risk of adverse chronic effects to the species is 

low and acceptable. 

 A NOAEL >1 and a LOAEL <1 or a LOAEL >1 is indicative of possible chronic adverse 

impacts to individuals in local populations, though not of adverse effects on the wider 

populations throughout Western Australia. The significance of these results have been 

assessed in Table 33 on a case-by-case basis with consideration to the species’ 

distribution, habitat and diet availability.   
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Table 33 Hazard index PFOS plus PFHxS 

Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

Source Area A A major source of uncertainty in Source Area A is the 

size of the home range. To account for this, all 

estimates have been based on conservative home 

ranges. The frog and mouse are likely to be the only 

species sourcing 100% of their diet from this area. 

Pacific black 

duck 

0.199/ 0.0077      

= 26 

0.199/ 0.077         

=2.6 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread.  

This species has a limited habitat in Source Area A and 

will source their dietary requirements from a wider 

area.  

Australian 

Magpie 

6.71 / 0.0077             

= 872 

6.71 /0.077             

= 87 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread.  

The results are based on ingestion of PFAS from 

insects from Source Area A only. This is therefore a 

conservative estimate as this species is expected to 

source its diet from a wider area.  

Banded 

Lapwing 

6.19 / 0.0077    

= 804 

6.19 / 0.077    

= 80 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

This species has a limited habitat in Source Area A and 

will generally source their dietary requirements from a 

wider area.  

Willie 

Wagtail 

15.3 / 0.0077          

=1,992 

15.3  / 0.077           

=199 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area A only which provides a 

conservative estimate, as limited habitat is available at 

Source Area A. 

Singing 

Honeyeater 

0.17/ 0.0077   

= 23 

0.17/ 0.077   = 

2.3 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. These 

The results are based on ingestion of PFAS from 

blossoms and insects from Source Area A only which 
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Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

species are common and 

widespread. 

provides a conservative estimate, as limited habitat is 

available at Source Area A. 

2Clicking 

frog 

0.56 / 0.0077     

=67 

0.56 / 0.077     

=6.7 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. These 

species are common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area A only, which provides an 

appropriate estimate of PFAS ingestion. 

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

amphibians). 

House 

mouse 

0.20 / 0.1           

= 2.0 

0.20 / 0.4              

= 0.51 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. These 

species are common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area A only, which provides an 

appropriate estimate of PFAS ingestion. 

 

Chuditch 

(Male) 

0.019 / 0.1   = 

0.19  

0.019 / 0.4        

= 0.05 

Low risk of 

chronic adverse 

effects identified 

 

Not significant.  

 

This species has no habitat in Source Area A and will 

source their dietary requirements from a wider area. 

This is therefore a conservative estimate of PFAS 

ingestion. 

Chuditch 

(Female) 

0.048 / 0.1   = 

0.48 

0.048 / 0.4        

= 0.12 

Source Area B Generally, there is sufficient habitat for small species to 

source 100% of their diet from this area, however, 

larger species will source their diet from a wider area. 

Yellow-

rumped 

Thornbill 

2.41 / 0.0077    

= 313 

2.41 /0.077    = 

31 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread.  

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion. 

Willie 

Wagtail 

1.88 /0.0077     

= 244 

1.88 / 0.0077     

= 24  

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion. 
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Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

is common and 

widespread. 

Weebills 0.01 / 0.0077    

= 1.3 

0.01 / 0.077    

= 0.13 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion. 

Grey Fantail 0.0088  / 

0.0077        = 

1.4 

0.0088 / 0.077        

= 0.14 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion. 

Tree Martin 0.0038 / 

0.0077    = 

0.49 

0.0038 / 0.0077    

= 0.049 

Low risk of 

chronic adverse 

effects identified 

Not significant.  This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area.  

Horsfield's 

Bronze 

Cuckoo 

0.98 / 0.0077   

= 127 

0.98 /0.077   = 

12.7 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area.  

Mudlark 1.17 / 0.0077       

=152 

1.17 / 0.0077      

=15.2 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread.  

This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area. The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides a 

conservative estimate of PFAS ingestion. 

Black-faced 

Cuckoo-

shrike 

0.62/ 0.0077       

=81 

0.62 / 0.0077       

=8.1 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area. The results are based on ingestion of PFAS from 
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Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

is common and 

widespread.  

insects from Source Area B only, which provides a 

conservative estimate of PFAS ingestion. 

Black-

shouldered 

Kite 

0.65 / 0.0077         

= 84 

0.65 / 0.077         

= 8.4 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread.  

This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area. The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides a 

conservative estimate of PFAS ingestion. 

Australian 

Magpie 

0.82 / 0.0077      

=107 

0.82 / 0.077      

=11 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area. The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides a 

conservative estimate of PFAS ingestion. 

Nankeen 

Kestrel 

0.76 / 0.0077         

= 99 

0.76 /0.077         

= 9.9 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread.  

This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area. The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides a 

conservative estimate of PFAS ingestion. 

Western 

Wattlebird 

0.21 / 0.0077 

28 

0.21 / 0.077 = 

2.8 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area.  

Brown 

Honeyeater 

0.36 / 0.0077 

= 47 

0.36 / 0.077 = 

4.7 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

This species has limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area.  
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Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

Galah 0.044/ 0.0082 

= 5.8 

0.044 / 0.082 = 

0.58 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population and to the 

cockatoos that the galah 

is representing in this 

feeding niche  

100% range has been used in is assessment. These 

species have limited habitat in Source Area B and will 

source their dietary requirements from a wider area. 

This is therefore a conservative estimate of PFAS 

ingestion. 

2Dugite 0.051/ 0.0077      

= 6.6 

0.051 / 0.077      

=0.66 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread.  

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion.  

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

reptiles). 

2Common 

Dwarf Skink 

0.067 / 0.0077       

= 8.7 

0.067 / 0.077       

= 0.87 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion.  

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

reptiles). 

2Shingleback 0.05 / 0.0077  

= 6.5 

0.05 / 0.077 = 

0.65 

Potential for 

chronic adverse 

effect 

Not significant. This 

species is common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion.  

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

reptiles). 

2Clicking 

frog 

0.061 /0.0077     

= 7.8 

0.061/ 0.077     

= 0.78 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion.  
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Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

amphibians. 

Fox 0.19 / 0.1         

= 1.9 

0.19 / 0.4           

=     0.48 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides a 

conservative estimate of PFAS ingestion. 

Rabbit 0.01 / 0.1       

=   0.11 

0.01 / 0.4         

= 0.026 

Low risk of 

chronic adverse 

effects identified 

Not significant. Species 

common and widespread. 

The results are based on ingestion of PFAS from 

vegetation from Source Area B only, which provides an 

appropriate estimate of PFAS ingestion. 

Western 

grey 

kangaroo 

0.0051 / 0.1       

=    0.051 

0.0051 / 0.4          

=      0.013 

Low risk of 

chronic adverse 

effects identified 

Not significant. Species 

common and widespread. 

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides a 

conservative estimate of PFAS ingestion. 

Southern 

brown 

bandicoot 

0.21 / 0.1             

=  2.1 

0.21 / 0.4               

=     0.52 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread.  

The results are based on ingestion of PFAS from 

insects from Source Area B only, which provides a 

conservative estimate of PFAS ingestion. 

German 

shepherd 

(police dog) 

0.0003/ 0.1       

= 0.003 

0.0003 / 0.4          

= 0.00074 

Low risk of 

chronic adverse 

effects identified 

Not significant.  The results are based on ingestion of PFAS from 100% 

drinking water from Source Area B only, which provides 

a conservative estimate of PFAS ingestion. 

Chuditch 

(Male) 

0.0047 / 0.1      

= 0.047 

0.0047 / 0.4           

= 0.012 

Low risk of 

chronic adverse 

effects identified 

Not significant.  

 

This species has a limited habitat in Source Area B and 

will source their dietary requirements from a wider 

area. The estimate of PFAS ingestion is considered 

appropriate. Chuditch 

(Female) 

0.012 / 0.1   = 

0.12 

0.012 / 0.4        

= 0.03 

Low risk of 

chronic adverse 

effects identified 



 

GHD | Report for Department of Defence  - RAAF Base Pearce PFAS Investigation, 61/33334 | 75 

Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

Ellen Brook and Ki-it Monger Brook 

Straw-

necked Ibis 

0.049 / 0.0077 

= 6.4 

0.049 / 0.077    

= 0.64 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. 

This species is widespread and obtains its dietary 

requirements from a large area. It is unlikely to source 

its food solely from the Brooks. The estimate of PFAS 

ingestion is therefore considered to be conservative  

Australian 

White Ibis 

0.37 / 0.0077     

= 48 

0.37 / 0.077     

= 4.8 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

This species is widespread and obtains its dietary 

requirements from a large area. It is unlikely to source 

its food solely from the Brooks. The estimate of PFAS 

ingestion is therefore considered to be conservative 

Pacific Black 

Duck 

0.02 / 0.0077      

= 2.6 

0.02/ 0.077      

= 0.26 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. This species 

is common and 

widespread. 

This species is widespread and obtains its dietary 

requirements from a large area. It is unlikely to source 

its food solely from the Brooks. The estimate of PFAS 

ingestion is therefore considered to be conservative 

Wood Duck 0.022 / 0.0077       

= 2.9 

0.022 / 0.077       

= 0.29 

Potential for 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. 

This species is widespread and obtains its dietary 

requirements from a large area. It is unlikely to source 

its food solely from the Brooks. The estimate of PFAS 

ingestion is therefore considered to be conservative 

Great Egret 0.11 / 0.0077    

= 15 

0.11 / 0.077    

= 1.5 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population.  

This species is widespread and obtains its dietary 

requirements from a large area. It is unlikely to source 

its food solely from the Brooks. The estimate of PFAS 

ingestion is therefore considered to be conservative 

White-faced 

Heron 

0.14 / 0.0077    

= 18 

0.14 / 0.077    

= 1.8 

Measurable 

chronic adverse 

effect 

Low significance with 

respect to the broader 

population. 

This species is widespread and obtains its dietary 

requirements from a large area. It is unlikely to source 

its food solely from the Brooks. The estimate of PFAS 

ingestion is therefore considered to be conservative 
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Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

2Dugite  

3(Site: Biota 

6) 

0.005 / 0.0077     

= 0.65 

0.005 / 0.077       

= 0.065 

Low risk of 

chronic adverse 

effects identified 

Not significant.  As Biota Site 6 is in close proximity to the maximum 

PFAS water and sediment concentrations. This site 

was used to estimate PFAS exposure as it was 

deemed to provide a “worst case” for ingestion.  

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

reptiles).  

2Black-

headed 

monitor  

3(Site: Biota 

6) 

0.0053 / 

0.0077                 

= 0.69 

0.0053 / 0.077                

= 0.069 

Low risk of 

chronic adverse 

effects identified 

Not significant.  As Biota Site 6 is in close proximity to the maximum 

PFAS water and sediment concentrations, this site was 

deemed to provide a “worst case” for ingestion from the 

environment and has been utilised for HI derivation.  

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

reptiles). 

 

Fox 0.055 / 0.1         

= 0.55 

0.055 / 0.4 =    

0.14 

Low risk of 

chronic adverse 

effects identified 

 

Not significant This species is common and widespread. It obtains its 

dietary requirements from a large area and is unlikely 

to source crustaceans from the Brooks. The PFAS 

ingestion estimate is therefore conservative. 

Chuditch 

(Male) 

0.027 / 0.1       

= 0.27 

0.027 / 0.4             

= 0.068 

Low risk of 

chronic adverse 

effects identified 

 

Not significant  Appropriate estimate of PFAS ingestion. 

Chuditch 

(Female) 

0.016 / 0.1 = 

0.16 

0.065 / 0.4             

=  0.039   

Low risk of 

chronic adverse 

effects identified 

 

Not significant  Appropriate estimate of PFAS ingestion. 
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Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

Cattle 0.000091 / 0.1 

= 0.00091 

0.000091 / 0.4  

=    0.00023 

Low risk of 

chronic adverse 

effects identified 

Not significant  Estimate based on 100% of drinking water being 

sourced from Ellen Brook, which provides a 

conservative estimate of PFAS ingestion. 

Horse 0.000035  / 

0.1                     

= 0.00035 

0.000035 / 0.4   

= 0.000087 

Low risk of 

chronic adverse 

effects identified 

 

 

Not significant Estimate based on 100% of drinking water being 

sourced from Ellen Brook, which provides a 

conservative estimate of PFAS ingestion. 

Biota 6 

2Oblong 

tortoise  
0.0047 / 

0.0077 = 0.62 

0.0047 / 0.077 

=  0.062 

Low risk of 

chronic adverse 

effects identified 

Low significance Species was not observed at Biota 6 and therefore the 

estimate is conservative. There is a degree of 

uncertainty due to the adoption of an avian TRV (in the 

absence of a TRV specific to reptiles). 

2Squelching 

Frog  
0.00077 / 

0.0077= 0.01 

0.00077 / 0.077 

= 0.001 

Low risk of 

chronic adverse 

effects identified 

Not significant. There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

amphibians), but the PFAS ingestion estimate is 

conservative.  

Twin Swamps Nature Reserve 

2Western 

Swamp 

Tortoise 

0.0027/0.0077  

=  0.35 

0.0027 /0.077  

=  0.035 

Low risk of 

chronic adverse 

effects identified 

Not significant.  Species is known to be present in Twin Swamps 

Nature Reserve and Ellen Brook Nature Reserve. The 

PFAS ingestion estimate uses EPCs greater than those 

recorded in these areas and is therefore a conservative 

estimate.  

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

reptiles). 

Ellen Brook Nature Reserve 
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Receptor NOAEL HI1 LOAEL HI1 Effect Significance Comment 

2Western 

Swamp 

Tortoise 

0.0027 

/0.0077  =  

0.35 

0.0019 /0.077  

=  0.035 

Low risk of 

chronic adverse 

effects identified 

Not significant.  Species is known to be present in Twin Swamps 

Nature Reserve and Ellen Brook Nature Reserve. The 

PFAS ingestion estimate uses EPCs greater than those 

recorded in these areas and is therefore a conservative 

estimate.  

There is a degree of uncertainty due to the adoption of 

an avian TRV (in the absence of a TRV specific to 

reptiles). 

1. Calculation presented in Section 5.3.2. Inputs sourced from Table 14 and Table 31. 

2. No TRVs developed for amphibians or reptiles. Avian TRVs adopted. 

3. Site 6 selected to represent site with the highest PFOS plus PFHxS and restricted habitat for reptiles 
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6.4 Uncertainty analysis 

There is an element of uncertainty inherent in ecological risk assessments, as the risk 

assessment process requires a number of assumptions to be made, including assumptions 

regarding site conditions, the presence of specific ecological receptors, the behaviour and 

characteristics of ecological receptors and the likely effects of contaminant exposure a such. 

The uncertainty analysis identifies the assumptions and data gaps associated with the ERA and 

evaluates their potential impact on the reliability of the overall risk conclusions. 

The approach used to reduce the uncertainty associated with this ERA has been to use site 

specific data wherever possible. When site-specific exposure parameters were not available, 

conservative assumptions were selected from the published literature or derived using 

professional judgement by a qualified ecologist. The key areas of uncertainty associated with 

this ERA are evaluated below.  

6.4.1 Exposure point concentrations 

The environmental sampling of abiotic and biotic media is inherently uncertain, as it is rarely 

practical to collect sufficient samples to fully characterise the temporal and spatial variability in 

contaminant concentrations. The DSI (GHD, 2018b) was based upon a targeted sampling 

approach, whereby sampling efforts were focussed on source areas and key PFAS transport 

pathways. As such, the dataset used in this ERA is generally more likely to have overestimated 

than to have underestimated the EPCs, because sampling efforts were biased towards the 

impacted areas.  

Abiotic exposure point concentrations 

For surface water and sediment in Ellen Brook and Ki-it Monger Brook the 95% UCL for PFOS 

plus PFHxS was utilised in the ERA; 0.0034 mg/L and 0.0023 mg/kg respectively (refer to Table 

26). For species that may have a limited home range based on access to permanent water 

(Dugite, Monitor, Frog and Oblong Tortoise), Biota 6 data for water and sediment have been 

used to determine a HI that is conservative for application to the remaining biota sites in Ellen 

Brook and Ki-it Monger Brook.  

For surface water and sediment in Source Areas A and B, the maximum detected PFAS 

concentrations were adopted as the EPCs (refer to Table 27), to minimise the uncertainty 

associated with the substantial distances between some sampling points and the potential for 

some organisms to forage over a limited spatial area. This is likely to overestimate risk for 

organisms that are mobile and may forage over both impacted and unimpacted areas. Whereas, 

the 95% UCL for soil in the source areas was adopted as the EPCs as sufficient data were 

available. 

Biotic exposure point concentrations 

For biota in Source Areas A and B the mean of the ground dwelling insects were derived to 

provide an estimate of intake from a varied diet. This will provide a conservative estimate as 

several insectivorous and carnivorous species (e.g. Pacific Black Duck, Magpie and Willie 

Wagtail) are unlikely to dig for underground dwelling organisms.   

For biota in Ellen Brook and Ki-it Monger Brook, the 95% UCL was used for both the crustacean 

data and fish data in both waterways, with the exception of Biota 1.  For the species guilds that 

may have limited habitat (represented by the Oblong Tortoise and Squelching Frog as indicator 

species), the maximum fish and crustacean concentrations collected from Biota 6 sampling 

point have been adopted as EPCs.  
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6.4.2 Preliminary assessment levels 

At the time of reporting, Australia had not adopted nationally accepted direct toxicity 

benchmarks for ecological receptors; the values reported in the NEMP (2018) for surface water 

and soil were draft/interim values and values were not published for sediment or biota. On the 

basis of the current published literature, the direct toxicity benchmarks used in this ERA were 

considered appropriately conservative. It is however noted that future research may result in 

direct toxicity benchmarks and toxicity values that are more- or less-conservative and it is 

acknowledged that additional information may warrant the amendment of the results of this 

ecological risk in the future.  

6.4.3 Toxicity reference values 

There is considerable uncertainty associated with the TRVs for PFOS plus PFHxS. The TRVs 

for avian receptors are based on TRVs from only one publication for each feeding guild. To 

address this uncertainty, the doses estimated for avian receptors in the food web modelling 

were compared to a range of toxicity values; the NOAEL TRV is equivalent to lowest study 

LOAEL identified with the application of an uncertainty factor of 100 and the LOAEL TRV is 

equivalent to the lowest study LOAEL identified with an uncertainty factor of 10 applied. These 

values are considered likely to provide a conservative indication of the relative potential risks for 

different scenarios / receptors and are appropriate for informing the prioritisation of future risk 

management actions. 

The database for derivation of TRVs for mammalian species is more robust than for avian 

receptors. Therefore, the lowest toxicity values identified by FSANZ (2017) for mammalian 

species were adopted to represent all mammalian species. This approach is considered 

appropriately conservative, in that the studies evaluated by FSANZ have been used to derive 

human health toxicity guidelines, that have been endorsed at a national level in the NEMP 

(2018).  

6.4.4 Exposure parameters 

Home range  

For the majority of the indicator species evaluated, an area use factor of 1 was adopted. This 

assumption equates to the indicator species source all of their diet from a single exposure area, 

which may overestimate the risk potential for some receptors if they gather food from a larger 

area, particularly given the targeted sampling approach adopted in the DSI.  

A number of the avian indicator species, are known to have large home ranges or to exhibit 

migratory behaviours and therefore, proportions of home range have been applied. Migratory 

species are known to travel over 3,000 Km 

(https://www.environment.nsw.gov.au/resources/nature/wildAboutIbis.pdf), however, exact 

home ranges are unknown. As some species are migratory, a conservative assumption has 

been made that the Investigation Area may be used as a source for up to 50% of dietary 

requirements.  

Ingestion rates and dietary composition 

Australian species-specific information for the rates of food, water and sediment/soil ingestion 

were not available at the time of reporting and therefore these values were estimated using 

allometric equations, based on body weight, as sourced from Nagy (2001) and US EPA (1993). 

These equations may not accurately predict actual ingestion rates for individual species but are 

considered appropriate for providing an indication of the relative potential risks for different 

scenarios / receptors for the purpose of informing the prioritisation of future risk management 

actions. 

https://www.environment.nsw.gov.au/resources/nature/wildAboutIbis.pdf
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The dietary compositions adopted in the food web modelling have been estimated on the basis 

of published information and professional judgement. The actual dietary composition of 

individual species/organisms may vary from those adopted but the influence of this variability on 

the overall risk conclusions has been addressed by the inclusion of a range of indicator species 

within the assessment.  

Body weights 

Where available, body weights for the indicator species were sourced from the published 

literature and online databases. Where a range of body weights has been reported, the body 

weight as identified in Appendix G was adopted. The actual body weights of individual 

species/organisms may vary from those adopted but the risk estimates are relatively insensitive 

to the selected value within the realistic range of values. The influence of this variable on the 

overall risk conclusions has also been addressed by the inclusion of a range of indicator species 

within the assessment.  

6.4.5 Uncertainty analysis summary 

Defence is embarking on a process to develop a PFAS Management Area Plan (PMAP) for 

PFAS at the site (refer to Section 8). The PMAP will articulate the strategies which can be 

implemented to manage potential risks arising the presence of PFAS at the site. The focus of 

the PMAP is to manage PFAS source areas and to minimise the potential for transport and 

exposure. 

Given the factors outlined above, the uncertainty in this assessment has been generally taken 

into account by erring on the side of the over estimation of potential ecological risks. While the 

uncertainties inherent in the exposure parameters and toxicity values adopted are such that 

definitive conclusions regarding ecological risk cannot be made, the risk estimates are reliable 

enough to inform the risk management actions to be implemented at the site. Further data 

collection and the use of more detailed ecological risk assessment methods could be used to 

refine the risk estimates but this would be unlikely to change the overall risk management 

strategies employed and is therefore not considered warranted. 
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7. Conclusions 

Table 34 summarises the results of the estimated risk characterisation for each of the higher 

order consumers that were identified during the ecological survey. The estimated risks are 

associated with a degree of uncertainty as discussed in Section 6.4. The estimated risks are 

based upon the results of an exposure assessment, toxicity assessment and risk 

characterisation that included food web modelling. 

Table 34 Summary of risk characterisation for higher order consumers 

Source Area A Source Area B Ellen and Ki-it Monger Brook 

Birds 

Pacific Black Duck Yellow-rumped Thornbill Straw-necked Ibis 

Australian Magpie Willie Wagtail Australian White Ibis 

Banded Lapwing Weebill Pacific Black Duck 

Willie Wagtail Grey Fantail Wood Duck 

Singing Honeyeater Tree Martin Great Egret 

 Horsfield's Bronze Cuckoo White-faced Heron 

 Mudlark  

 Black-faced Cuckoo-shrike  

 Black-shouldered Kite  

 Australian Magpie  

 Nankeen Kestrel  

 Western Wattlebird  

 Brown Honeyeater  

 Galah  

Reptiles and amphibians 

Clicking Frog Dugite Oblong tortoise  

 Common Dwarf Skink Western Swamp Tortoise 
(Ellen Brook Nature Reserve) 

 Shingleback Western Swamp Tortoise 
(Twin Swamps Nature 
Reserve) 

 Clicking Frog Dugite  

  Black-headed Monitor  

  Squelching Frog  

Mammals 

House Mouse Fox Fox 

Chuditch (male) Rabbit Horse 

Chuditch (female) Western Grey Kangaroo Cattle 

 Southern Brown Bandicoot Chuditch (male) 

 German Shepherd (police 
dog) 

Chuditch (female) 

 Chuditch (male)  

 Chuditch (female)  

Colour coding based upon the calculated NOAEL and LOAEL HIs: 

Green shading –The estimated risk of adverse chronic effects to the species from PFAS exposure is low and 

acceptable. 
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Yellow shading – The estimated exposure level exceeds the level at which no adverse chronic effects are expected, 

however is below the lowest levels at which effects have been reported. The potential for elevated exposure cannot be 

ruled out however measurable and ecological relevant adverse effects are considered unlikely. 

Orange shading – The estimated exposure scenario exceeds levels at which adverse effects have been calculated. The 

magnitude of any adverse effects cannot, however, be reliably estimated given the significant degree of uncertainty 

involved in the screening and modelling process. 

Key findings of the ERA were as follows: 

 Source Area A: 

– PFAS concentrations in soils from Source Area A exceeded the assessment level for 

direct toxicity and could generate adverse chronic effects to sensitive plants and soil-

dwelling invertebrates.  

– The recorded concentrations of PFAS in lower order biota including invertebrates and 

flora show that there is some bioaccumulation of PFAS from soil within Source Area A.  

– The PFAS exposure estimated for Clicking Frogs exceeds levels at which adverse 

effects have been reported.  

– The PFAS exposure estimated for the House Mice exceeds the level at which no 

adverse chronic effects have been reported, however ecological relevant adverse 

effects are considered unlikely.   

– While there may be a risk of chronic adverse effects to individual organisms of the 

representative species identified in Source Area A, the estimated risks are considered 

to be of low significance with respect to the broader population of the species, as the 

species are common and widespread.  

 Source Area B: 

– PFAS concentrations in soils from Source Area B exceeded the assessment level for 

direct toxicity and may therefore be associated with adverse chronic effects to 

sensitive plants and soil-dwelling invertebrates 

– The recorded concentrations of PFAS in lower order biota including invertebrates and 

flora show that there is some bioaccumulation of PFAS from soil within Source Area B.  

– The PFAS exposures estimated for insectivorous birds (e.g. the Yellow-rumped 

Thornbill, Willie Wagtail, Weebill and Black-faced Cuckoo-shrike) exceed levels at 

which adverse effects have been reported.  

– The PFAS exposures estimated for the Dugite, Common Dwarf Skink, Clicking Frog, 

Fox and Southern Brown Bandicoot exceed the level at which no adverse chronic 

effects have been reported, however ecological relevant adverse effects are 

considered unlikely..  

– There is an estimated risk of adverse chronic effects to the Galah if all its diet is 

sourced from Source Area B, albeit any such adverse effects are likely to be 

ecologically relevant. As the Galah is considered to be a conservative representative 

of the other cockatoo granivorous species, there is possibly a similar risk to the 

Carnaby’s Black Cockatoo (listed under the EPBC Act as endangered) and the 

Baudins Black Cockatoo (listed under the EPBC Act as vulnerable), if such species 

are indeed present. However, both these species are larger than the Galah and would 

need to forage over a wider area to obtain their dietary requirements – hence any risks 

are likely to be no greater than those associated with the Galah..  

– While there may be a risk of chronic adverse effects to individual organisms of the 

representative species identified in Source Area B, the estimated risks are considered 
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to be of low significance with respect to the broader population of the species, as the 

species are common and widespread.  

 Ellen and Ki-it Monger Brooks: 

– The recorded concentrations of PFAS in the sediment and surface water in Ellen and 

Ki-it Monger Brooks are of the same order of magnitude as the toxicity endpoints 

reported in studies undertaken on fish, insects and crustaceans. There is therefore the 

potential for adverse chronic effects , if sensitive species spend their entire life cycle in 

the waterways of the Investigation Area and if concentrations remain at the levels 

recorded in this study.   

– The recorded concentrations of PFOS plus PFHxS in fish show that there is some 

bioaccumulation, likely relating to uptake from the water column, sediments and/or 

diet. There appears to be lower rates of bioaccumulation in the flesh of burrowing 

crustacea when compared to fish. The concentrations were not indicative of adverse 

health effects to fish, however there is limited data to link measured fish tissue 

concentrations to chronic adverse effects.. 

– The PFAS exposures estimated for a number of bird species that forage in Ellen and 

Ki-it Monger Brooks, exceed the levels at which no adverse effects have been 

reported. The highest PFAS exposures, estimated for the Australian White Ibis, Great 

Egret and White Faced Heron, also exceeded the levels at which adverse effects have 

been reported. These results indicate the potential for elevated exposure to PFAS by 

birds which feed exclusively or predominantly within the Brooks, however it is 

considered unlikely that a large number of individuals within populations of these 

species would be affected.. 

– The critically endangered Western Swamp Tortoise is present in the Investigation 

Area, within the Twin Swamps Nature Reserve and a breeding population is present in 

the Ellen Brook Nature Reserve. The conservative food web modelling assessment of 

the tortoise in the Ellen Brook Nature Reserve and the Twin Swamps Nature Reserve 

indicates that the estimated risk of PFAS bioaccumulation is low and acceptable.  

– There is low and acceptable risk of chronic adverse effects from PFAS exposure to 

cattle and horses that consume water from Ellen Brook, even if they obtain 100% of 

their drinking water from the Brook.  
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8. Potential Management Actions 

Management and remediation options will ultimately be informed with consideration to the 

findings of this ERA as well as the Human Health Risk Assessment (GHD 2018b), through 

consultation with Defence and affected stakeholders and the development of a PFAS 

Management Area Plan (PMAP).  

While the identified elevated risks are generally considered to be of low significance with 

respect to broader populations of the species, the level of risk to the local populations residing 

in Source Areas A and B could be reduced through measures such as remediation of impacted 

soils and sediments to reduce exposure to PFAS. This would also serve to reduce surface water 

impact to Ellen and Ki-it Monger Brook as a result of run-off and thus, reduce the level of 

exposure to the species that inhabit the Brooks.   

It is recommended that periodic monitoring of PFAS surface water concentrations in Ellen and 

Ki-it Monger Brook be undertaken to ascertain whether any trends emerge that may have a 

bearing on the risk profile to ecological receptors. This would form part of the Ongoing 

Monitoring Program for the Site.  
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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 
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Figure 10 Soil sampling locations 

Figure 11 Sediment and surface water sampling locations 

Figure 12 Groundwater monitoring well and stream gauge locations 

Figure 13 Biota sampling locations 

Figure 14 Conceptual site model – ecological receptors  

Figure 15 Ellen and Ki-it Monger Brooks sampling locations and results 

Figure 16 On-Site drainage channel sampling locations and results 

Figure 17 Source Area A sampling locations and results 

Figure 18 Source Area B sampling locations and results 
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Appendix A – EPBC Act Protected Matters Report 
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Appendix B – DSI Data Summary Tables 
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Appendix C – Anova Results 
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Appendix D – DoW Biota Data 
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Appendix E – DoW Water Quality Data 
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Appendix F – Ecological Report  
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Appendix G – Food Chain Model  
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