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Limitations 

Environmental Risk Sciences Pty Ltd has prepared this report for the use of Aurecon Australasia Pty 

Ltd (Aurecon) and the Australian Government Department of Defence (Defence) in accordance with 

the usual care and thoroughness of the consulting profession. It is based on generally accepted 

practices and standards at the time it was prepared. No other warranty, expressed or implied, is 

made as to the professional advice included in this report.  

It is prepared in accordance with the scope of work and for the purpose outlined in this report. 

The methodology adopted and sources of information used are outlined in this report. 

Environmental Risk Sciences Pty Ltd has made no independent verification of this information 

beyond the agreed scope of works and assumes no responsibility for any inaccuracies or omissions. 

No indications were found that information contained in the reports provided for use in this 

assessment was false. 

This report was prepared in June 2021 and finalised in May 2022 and is based on the information 

provided and reviewed at that time. Environmental Risk Sciences Pty Ltd disclaims responsibility for 

any changes that may have occurred after this time. 

This report should be read in full. No responsibility is accepted for use of any part of this report in 

any other context or for any other purpose or by third parties. This report does not purport to give 

legal advice. Legal advice can only be given by qualified legal practitioners. 

This work is copyright. Apart from any use permitted under the Copyright Act 1968, no part may be 

reproduced by any process, nor may any other exclusive right be exercised, without the permission 

of enRiskS. Any reference to all or part of this report by third parties must be attributed to enRiskS 

(2022). 
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Glossary of Terms 

Abbreviation/Terms Definition 

ASC NEPM National Environment Protection (Assessment of Site Contamination) Measure 

d day 

Diadromous fish Fish that spend part of their lives in marine water and part in freshwater  

DSI Detailed site investigation 

ERA Ecological risk assessment 

Estuarine Waterbodies where freshwater and marine water mix through the tidal cycle 

Freshwater Rivers, creeks or lakes that are not salty (i.e. not oceans or estuaries)  

Freshwater fish Fish that spend all of their lives in freshwater 

FSANZ Food Standards Australia and New Zealand 

ha hectare 

HHRA  Human health risk assessment 

Marine Waterbodies containing salty water – i.e. oceans and seas 

Marine fish Fish that spend all of their lives in the ocean 

ML Megalitre (1 million litres) 

NEMP National Environmental Management Plan for PFAS 

PFAS Per and polyfluoroalkyl substances 

  PFBA Perfluorobutanoic Acid 

  PFBS Perfluorobutanesulfonic Acid 

  PFPeA Perfluoropentanoic Acid 

  PFHxA Perfluorohexanoic Acid 

  PFHxS Perfluorohexanesulfonic Acid 

  PFHpA Perfluoroheptanoic Acid 

  PFOA Perfluorooctanoic Acid 

  PFOS Perfluorooctanesulfonic Acid 

  PFNA Perfluorononanoic Acid 

  PFDA Perfluorodecanoic Acid 

  PFDS Perfluorodecanesulfonic Acid 

  PFUdA Perfluoroundecanoic Acid 

  PFDoA Perfluorododecanoic Acid 

  PFTrDA Perfluorotridecanoic acid 

  PFTeDA Perfluorotetradecanoic acid 

  4:2 FtS 1H.1H.2H.2H-Perfluorohexanesulfonic Acid 

  6:2 FtS 1H.1H.2H.2H-Perfluorooctansulfonic Acid 

  8:2 FtS 1H.1H.2H.2H-Perfluorodecanesulfonic Acid 

  PFOSA Perfluorooctanesulfonamide 

  NEtFOSAA N-ethyl-perfluorooctanesulfonamidoacetic acid 

  NMeFOSAA N-methyl-perfluorooctanesulfonamidoacetic acid 

RAAF Royal Australian Air Force 

RAMSAR Convention International convention that aims to halt worldwide loss of wetlands and to 
conserve those that remain 

TDI Tolerable daily intake 

Trigger point Value generated by FSANZ to public health and regulatory officials as an 
indication that further investigation may be required. 
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Section 1. Introduction 

Environmental Risk Sciences Pty Ltd (enRiskS) was engaged by Aurecon Australasia Pty Ltd 

(Aurecon) to prepare a human health risk assessment (HHRA) in relation to the consumption of fish 

caught in Skeleton Creek or Sanctuary Lakes which may be impacted by per- and poly-fluoroalkyl 

substances (PFAS) from RAAF Williams (Laverton), VIC (the “Site”).  

Figure 1 illustrates the boundary of the assessment area discussed in this report. It includes RAAF 

Williams (Laverton), Williams Landing and the section of Skeleton Creek downstream of these areas 

(where recreational fishing can occur) along with Sanctuary Lakes. The area being considered in 

this assessment does not include Cheetham Wetlands as this is a reserve/protected area and 

recreational fishing is not permitted.  

This family of chemicals (PFAS) are ubiquitous in urban environments at low levels, especially, in 

surface waters due to their widespread use over decades and their lack of degradation over time. 

Higher levels may be present in waters downstream of sites with higher levels of contamination 

such as airports and defence bases where fire fighting foams were used for many years.  

A detailed site investigation (DSI) was undertaken by Aurecon in 2019-2020. The investigation area 

for the DSI consisted of the current RAAF Williams (Laverton) cadastral boundary and the now 

divested former extent of the Base (Williams Landing). Soil, sediment, surface water and 

groundwater were sampled at RAAF Williams (Laverton) and in the Williams Landing suburb 

adjacent to RAAF Williams (Laverton) (Aurecon 2020).  

The results are reported in: 

◼ Aurecon (2020) Investigation of per and poly fluoroalkyl substances at RAAF Williams 

(Laverton) – Detailed Site Investigation Dated 3 November 2020 

An ecological risk assessment (ERA) was another step in the site investigation. This type of 

assessment looks at the potential for any contamination at a site to impact on ecosystems – aquatic 

or terrestrial ecosystems.  

This work is reported in: 

◼ Aurecon (2022) Investigation of per and poly fluoroalkyl substances at RAAF Williams 

(Laverton) – Off-site Ecological Risk Assessment Dated 5 May 2022 

The DSI found that PFAS were present in Skeleton Creek upstream of the Site as is common in 

many urban areas but that there were sources of these chemicals from RAAF Williams (Laverton) 

and surrounding areas that resulted in concentrations in Skeleton Creek downstream of RAAF 

Williams (Laverton) and Williams Landing increasing above upstream concentrations. The DSI 

reported water concentrations of PFAS in Skeleton Creek which triggered further sampling of fish to 

assess potential risks for consumption of fish caught during recreational fishing in Skeleton Creek.  

During further investigation into downstream impacts in Skeleton Creek, a hydrological connection 

between Skeleton Creek and Sanctuary Lakes was identified via the Skeleton Creek tidal pond. 
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Fishing is allowed and encouraged at the Sanctuary Lakes Resort. It is reported that Southern Black 

Bream and other edible fish are present in the Lake.  

The assessment covered in this report is focused on consumption of fish caught in Skeleton Creek 

or Sanctuary Lakes which may be impacted by PFAS coming off RAAF Williams (Laverton) and/or 

Williams Landing (refer Figure 1).  

The need for this assessment was identified as part of the DSI (Aurecon 2020) and the sampling 

was undertaken as part of the ERA. This report has thus been included as an appendix to the report 

detailing the results of the ERA (Aurecon 2022). 
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Section 2. Objectives 

The objectives of this assessment are:  

◼ Undertake a screening risk assessment for human health from the consumption of fish 

caught in Skeleton Creek or Sanctuary Lakes that may be impacted by PFAS using fish 

tissue concentration data  

◼ Based on the HHRA, identify any additional data that may be required to assist in refining 

the assessment of risk or in considering additional risk management measures that may be 

needed.  
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Section 3. Methodology 

The methodology adopted for the conduct of this assessment is in accordance with the relevant 

National protocols/ guidelines including: 

◼ ASC NEPM (1999 amended 2013) National Environmental Protection Measure – 

Assessment of Site Contamination including: 

o Schedule B1 Investigation Levels for Soil and Groundwater 

o Schedule B5 Guideline on Ecological Risk Assessment  

o Toolbox Note – Key principles for the remediation and management of contaminated 

sites 

◼ enHealth (2012a) Environmental Health Risk Assessment, Guidelines for Assessing Human 

Health Risks from Environmental Hazards 

◼ enHealth (2012b) Australian Exposure Factor Guide. 

In addition, the following PFAS-specific guidance has been consulted, where relevant: 

◼ PFAS National Environmental Management Plan (the “PFAS NEMP”), January 2018 (HEPA 

2018) 

◼ Food Standards Australia New Zealand (FSANZ) Perfluorinated Chemicals in food (FSANZ 

2017a), and associated supporting documents: 

o Supporting Document 1 Hazard assessment report – Perfluorooctane sulfonate 

(PFOS), Perfluorooctanoic acid (PFOA), Perfluorohexane sulfonate (PFHxS) (FSANZ 

2017b) 

▪ Critical review of pharmacokinetic modelling of PFOS and PFOA to assist in 

establishing HBGVs for these chemicals (FSANZ 2017a) 

▪ Immunomodulation by PFASs: a brief literature review (ToxConsult 2017) 

o Supporting Document 2 Assessment of potential dietary exposure to PFOS, PFOA 

and PFHxS occurring in foods sampled from contaminated sites (FSANZ 2017c) 

▪ Occurrence of and dietary exposure to PFOS, PFOA and PFHxS reported in 

the literature (FSANZ 2017d) 

▪ Occurrence of PFOS, PFOA and PFHxS in foods and water sampled from 

contaminated sites (FSANZ 2017e) 

o Supporting Document 3 Summary of other controls for perfluorinated chemicals 

(FSANZ 2017f) 

o Supporting Document 4 Criteria for the establishment of maximum levels in food 

(FSANZ 2017g). 

Where required, additional guidance was obtained from relevant Australian and international 

guidance consistent with current industry best practice, sourced from organisations such as the 

USEPA, the Canadian Council of Ministers of the Environment (CCME) and the World Health 

Organisation (WHO). Sources of such additional information are cited, where used. 
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Generally, the approach taken in this assessment has included the following steps: 

◼ Introductory information (Sections 1-4) 

◼ Description of the two waterways Skeleton Creek and Sanctuary Lakes (Section 5) 

◼ Toxicity profile (summary) for PFAS (Section 6) 

◼ Screening assessment for the fish tissue data using FSANZ national trigger points (Section 

7) 

◼ Refined assessment for the fish tissue data using adjustments to the national trigger points 

based on relevant site-specific factors (Section 8) 

◼ Conclusions (Section 9) 
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Section 4. Available information 

The following report provided information from the original investigation in relation to water 

concentrations in Skeleton Creek, which triggered this additional investigation: 

◼ Aurecon (2020) Investigation of per and poly fluoroalkyl substances at RAAF Williams 

(Laverton) – Detailed Site Investigation Dated 3 November 2020. 

Information specifically provided for this assessment includes: 

◼ Spreadsheet – tissue concentration results (as discussed/listed in Section 7 of this HHRA) 

◼ Figures – Skeleton Creek and Sanctuary Lakes (Figures 2 and 4) 

◼ Aurecon (2022) Investigation of per and poly fluoroalkyl substances at RAAF Williams 

(Laverton) – Off-site Ecological Risk Assessment. 

Fish sampling was undertaken by Aurecon as part of their ERA in accordance with their Sampling, 

Analysis and Quality Plan (SAQP). This human health risk assessment has relied on the data 

collected by the Aurecon team. 

In general, the approach adopted is as follows: 

Fish sampling was conducted in accordance with the permit requirements and was incorporated into 

the ERA biota sampling field program. Sampling was generally in line with the HHRA 

recommendations within the PFAS NEMP (HEPA, 2018). Fish samples were collected via the use of 

net traps and casting nets as advised by our aquatic ecologists as the most effective techniques to 

maximise the catch. 

Selection of specimens for testing preferenced adult specimens suitable for human consumption 

with larger older individuals preferred as they have had the longest exposure to PFAS. Where fish 

collected were considered to be of a suitable size and species for human consumption (and whilst 

adhering to fishing permit requirements), a sample was collected, and fillets analysed from each fish 

(skin on with scales removed to mimic an edible portion). Sample preparation (i.e. filleting) was 

completed by the primary laboratory. To obtain duplicates, biota were sent to the primary laboratory 

(Eurofins), where it was homogenised and split to be sent to the secondary laboratory (ALS) for 

blind analysis. Sample mass was not a constraint as sampling works preferenced adult specimens 

suitable for human consumption. The minimum requirement was 50 g per primary sample and 150 g 

per bag for duplicates to be split. 

The species type and size (length) were recorded for each individual within each sample and a 

photograph was taken of each sample. Where possible, the species of biota was noted during field 

sampling. Where the species was unclear at the time of sampling, appropriate photographs and 

information were recorded during field sampling to enable later species identification. 

The assessment of the fish tissue data in relation to data quality objectives and appropriate quality 

assurance/quality control measures is described in Section 4 of Aurecon (2022). It was found that 

the data are suitable for interpretative use. 
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Section 5. Skeleton Creek and Sanctuary Lakes 

5.1 Background – Skeleton Creek 

The information summarised here was taken from the ERA (Aurecon 2022). 

Skeleton Creek originates near the Western Freeway in Truganina, and passes through Hoppers 

Crossing, Seabrook and Point Cook before discharging to Port Phillip Bay via the Cheetham 

Wetlands. The tributaries to Skeleton Creek include Dry Creek (upstream of Site), Forsyth Road 

Drain (near Site) and Cheetham Creek (downstream of Site). The indicative flowrate in Skeleton 

Creek flowing south of the Site was estimated to be approximately 165 ML/d with an estimated 

catchment area of 6,900 ha (Spiire 2013). From the DSI (Aurecon 2020), there are transport 

pathways to Skeleton Creek from the Site and former Base source areas via both surface water and 

groundwater. 

Skeleton Creek continues in a south easterly direction until it reaches Port Philip Bay.  

Prior to the creek reaching the Bay it travels through a large wetland area known as Cheetham 

Wetlands and Point Cook Coastal Park. These wetlands are due to historical human activities in the 

area but are now a protected area. It is noted that these wetlands form part of the Port Phillip Bay 

(Western Shoreline) and Bellarine Peninsula RAMSAR wetland site1. Figure 2 shows Skeleton 

Creek, Cheetham Wetlands and other areas relevant for this assessment. Figure 3 shows the 

connections to Skeleton Creek from RAAF Williams (Laverton) and Willliams Landing etc.  

It is assumed that stormwater from RAAF Williams (Laverton) and Willliams Landing or other areas 

unrelated to Defence activities may contain PFAS due to the wide range of uses and the nature of 

these chemicals.  

Movement of water in some parts of Skeleton Creek and related waterbodies is subject to human 

intervention to ensure water quality is maintained appropriately (e.g. pumping of water from one 

location to another and diversion from natural flowpaths).  

Connection between Site and Skeleton Creek 

The engineered drainage system in the south-west corner of the Site (Western Finger) discharges 

into a ditch between the rail corridor and the southern Site boundary adjacent to Kidbrooke Road. 

When flowing, this surface water channel flows under the rail line and Princes Freeway via a culvert 

to marshy area in Altona Meadows, prior to entering Skeleton Creek. A site inspection on 6 

September 2018 indicated that water was stagnant in the open channel on the south border and the 

open drainage channel discharging to Skeleton Creek was dry. Following a high rainfall event on 3 

June 2019, this open drainage channel connected to Skeleton Creek was full but still appeared 

stagnant. The general layout of these surface water features is shown in Figure 3. 

Connection between Laverton RAAF Swamp and Skeleton Creek 

Storm water drainage and surface runoff from other potential source areas in Williams Landing can 

enter Skeleton Creek via flowing through Laverton RAAF Swamp. These surface water bodies act 

as buffers and storm water eventually flows south via an open channel (the continuation of Forsyth 
 

 
 
 
 

 

1 https://www.water.vic.gov.au/__data/assets/pdf_file/0023/52826/FINAL_Port-Phillip-BayWS-and-

BP_Boundary_Description_Dec2013.pdf 

https://www.water.vic.gov.au/__data/assets/pdf_file/0023/52826/FINAL_Port-Phillip-BayWS-and-BP_Boundary_Description_Dec2013.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0023/52826/FINAL_Port-Phillip-BayWS-and-BP_Boundary_Description_Dec2013.pdf
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Road Main Drain) into Skeleton Creek. There are also stormwater flows from residential areas 

further north in Truganina that discharge to Forsyth Road Drain, which flows into the north-western 

corner of the Laverton RAAF Swamp.  

As shown in Figure 3, storm water drainage and surface runoff from the western part of Williams 

Landing is connected to the Bioretention Pond. This Bioretention Pond flows in a southerly direction 

to the Ashcroft Wetlands before continuing on the Laverton RAAF Swamp. These surface water 

bodies act as buffers and storm water eventually flows south via an open channel (the continuation 

of Forsyth Road Main Drain) into Skeleton Creek. Field observations on 6 September 2018 

indicated that water was flowing at a low rate into Skeleton Creek. 

Groundwater 

Groundwater flow underlying RAAF Williams (Laverton) and Williams Landing is in a general 

southerly to south-easterly direction and is understood to discharge into Skeleton Creek. Skeleton 

Creek is considered to be a gaining system based on groundwater elevations (i.e. groundwater is 

inferred to seep into Skeleton Creek). The groundwater elevation is 3.5 m AHD immediately north of 

creek compared to surface water elevations, which are approximately 2.5 m AHD. In other words, 

water in the ground is higher than water in the creek due to the slope of the land and the depth of 

the creek – which results in groundwater discharging into the creek.  

Community connections to Skeleton Creek 

There are also numerous stormwater connections to Skeleton Creek from the surrounding 

residential, commercial/industrial and major roadways. Activities such as car washing, unsecured 

garden waste and incorrect disposal of domestic refuse were all identified as potential concerns that 

could decrease the quality of urban stormwater runoff (WBM Oceanics 2006). 

Recreational fishing in Skeleton Creek 

Reports of people fishing for eels and carp in Skeleton Creek were provided to the Project Team 

from the Environment Protection Authority Victoria (EPA) (pers. comms. EPA dated 9 June 2020) 

and, also, with reference to potential fishing near Point Cook Bridge (pers. comms. EPA dated 25 

June 2020). Witness accounts indicate that fish are being caught in accessible areas located at the 

footbridge opposite Henry’s Drive in Altona Meadows and at the seat 100 m west of the end of 

Merton Street in Altona Meadows (pers. comms. Friends of Skeleton Creek dated 3 July 2020). It is 

understood from discussions with the Friends of Skeleton Creek and other recreational fishers that 

the fish are consumed. 
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5.2 Background – Sanctuary Lakes 

The information summarised here was taken from the ERA (Aurecon 2022). 

According to the Sanctuary Lakes Resort website2, the Lake is a 60-hectare man-made water body 

and considered to be the largest artificial water body in the Greater Melbourne. It is now considered 

a thriving ecosystem. Based on reports from the Lake’s website, the ecosystem comprises of the 

following key (non-exhaustive) flora and fauna: 

◼ Sea Tassel (common, aggressive sea grass), Sea Lettuce (common edible algae) 

◼ Macroinvertebrates such as: midges, shrimps, sand worms, snails, etc. 

◼ Fish such as Southern Black Bream (source of food for many higher order predators and 

humans) and Hardy Heads (2-3 cm in length typically) 

◼ Omnivorous birds such as ducks (e.g. Chestnut Teals, Pacific Black Duck) and swans (all of 

which can have a predominantly vegetarian diet) 

◼ Invertivorous birds which feed on aquatic insects including Spotted Crakes, Sand Martins 

and Swallows 

◼ Piscivorous water birds such as Arctic Tern (who eat fish less than ~15 cm in size) and birds 

who eat larger fish such as the Southern Black Bream (e.g. Pelicans, Black Cormorants and 

Great Cormorants) 

◼ Other aquatic higher order predators such as: Rakali (feeding on shellfish, yabbies’, crabs 

and occasionally fish). 

Figure 4 shows the location of this lake system. 

To sustain the ecosystem, appropriate water and salinity levels in the lake must be maintained. 

Water managers for the Lake rely on two main sources for maintenance activities: 

Water managers for the Lake rely on two main sources for water:  

◼ Stormwater flows flow directly into the Lake from the upstream catchment areas in Point 

Cook  

◼ Extra sea water can be pumped into the Lake from the incoming tide in the Skeleton Creek 

estuary (i.e. Port Phillip Bay waters), which ensure appropriate salinity levels, water 

circulation and maintenance of a constant water level. 

The draft Sanctuary Lakes Management Plan (Coomes Consulting Group 2004) indicates that the 

western half (30 ha, 1.5 m deep) of Sanctuary Lakes was filled by 1999 and the eastern half (30 ha, 

1.5 m deep) was filled by 2005. The pump connection with Skeleton Creek estuary started in 2000. 

This pump connection was further modified in 2002 into a network of pipes to assist recirculation, to 

maintain salinities above 10,000 mg/L and to maintain water levels above the weir height.  

Due to these actions and the presence of a thriving aquatic ecosystem, it is inferred that site-derived 

PFAS concentrations (and PFAS from other sources to Skeleton Creek) may be incidentally 

pumped into the Lake as a result. However, it may be that any site-derived PFAS impacts measured 

at the Lake may be relatively more diluted compared to that reported along Skeleton Creek (in fresh 

water) and those from within Cheetham Wetlands (due to natural and artificial water circulation).  
 

 
 

 
 

 

2 https://www.sanctuarylakesresort.com.au/ 

https://www.sanctuarylakesresort.com.au/
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The initial (entry) discharge location is in the western section of the Lakes at the Point Cook Road 

culvert and extends to Cheetham Creek. The draft Sanctuary Lakes Management Plan refers to 

pumps as operating continuously at 185 L/s for four-week periods from April 1, July 1 and 

September 1 such that, when operating, the daily pumped volume is approximately 16 ML/d.  
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A more recent report from Ecos Environmental (2007) refers to the pumping occurring on a more ad 

hoc basis when salinity and water levels needed to be increased. The recorded pump flow data 

provided by Sanctuary Lakes Resort for the period of pump operation between October 2015 and 

July 2020 indicates that the average pump rate is 6.5 ML/d with the pump generally in daily 

operation3. Given the network of discharges and recirculation of water, water is now considered to 

be generally well-mixed. 

5.3 Recreational fishing 

Investigations by Aurecon have identified that recreational fishing is known to occur in both Skeleton 

Creek and Sanctuary Lakes. It is noted that Cheetham Wetlands is a protected area, so fishing is 

less likely in that area.  

The water concentrations reported in Aurecon (2020) and information about the likelihood that 

recreational fishing could be occurring has triggered this investigation and risk assessment.  

To provide a more site-specific risk assessment, fish samples have been collected and this 

assessment is based on fish tissue concentrations. 

It is noted that risks to people from exposure to PFAS via direct contact with water or sediments in 

Skeleton Creek or due to activities in Williams Landing or at RAAF Williams (Laverton) have been 

discussed in either the DSI report (Aurecon 2020) or in a separate HHRA assessing consumption of 

home grown produce in Williams Landing (enRiskS 2022). This assessment focuses on 

consumption of fish from Skeleton Creek and Sanctuary Lakes collected during recreational fishing.  

  

 
 
 

 
 

 

3 http://sanctuarylakesresort.com.au/index.php?option=com_content&view=article&id=122&Itemid=199  

http://sanctuarylakesresort.com.au/index.php?option=com_content&view=article&id=122&Itemid=199
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Section 6. Toxicity of PFAS – people  

6.1 Approach 

This section outlines the approach used to assess the toxicity of PFAS to human health.  

The quantitative assessment of potential risks to human health for any chemical requires the 

consideration of the health end-points and the mechanism of action where there is information 

relevant to determining how a chemical causes particular effects.   

6.2 Toxicology of PFAS  

The toxicology of PFAS is complex and not well understood despite a significant amount of 

research in the last 5 to 10 years.  

Toxicological studies using laboratory animals for this family of chemicals have focused to date on 

PFOS, PFHxS and PFOA. The toxicity of PFAS to humans can be inferred from animal toxicity 

studies as well as occupational exposure studies in accordance with the normal processes used to 

determine the toxicity of a chemical. This is in line with studies on the effects of many other 

chemicals. 

Concentrations of PFAS in occupationally exposed workers are 100 to 1,000-fold higher than those 

in the general populations. Associations between exposure and the following health effects have 

been suggested in these studies: 

◼ Changes in serum lipid levels e.g. increase total cholesterol levels 

◼ Changes in serum liver enzymes levels 

◼ Kidney disease 

◼ Effects on fertility, pregnancy, lactation, and birth outcomes 

◼ Effects on thyroid and immune function 

◼ Endocrine effects (e.g. elevated thyroxine levels and increased risk of thyroid disease, 

diabetes mellitus and early onset menopause) 

◼ Cardiovascular disease 

◼ Cancer. 

Results of studies in animals have been used to calculate tolerable daily intakes using the 

internationally accepted standard approaches for extrapolating from animal to human effects. This is 

standard practice and is the basis for tolerable daily intakes or reference doses for almost all 

chemicals for which such guidelines are available. 

Tolerable daily intake/reference dose is the amount a person can take in every day for their lifetime 

that will not result in adverse effects. Such values are determined by taking the dose that did not 

cause any effects in the animal studies. A number of safety factors are then applied to reduce the 

dose to address limitations in our knowledge regarding: 

◼ difference between animals and people 

◼ difference between individual people 

◼ confidence in the database (i.e. extensive toxicological studies versus limited studies etc).  

The combination of the dose that did not cause any effects and the safety factors gives a tolerable 

daily intake or reference dose. This is the toxicity reference value used to generate guidelines like 

the fish tissue trigger point used in this assessment.  
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The TDIs or reference doses adopted by FSANZ for the assessment PFOS + PFHxS and PFOA are 

summarised in Table 6.1. This table also includes the background intakes, based on the reviews 

presented by ToxConsult (ToxConsult 2016a, 2016b) adopted for the characterisation of risk. 

Table 6.1: Summary of toxicity reference values adopted for PFOS + PFHxS and PFOA 

PFAS Compound TDI Background intake Reference 
PFOS + PFHxS 0.02 µg/kg/day 0.0014 µg/kg/day (7% of the TDI) (FSANZ 2017b) 

PFOA 0.16 µg/kg/day 0.00078 µg/kg/day (negligible) (FSANZ 2017b) 

 

6.3 New international assessments – 2018/2020 

Since the work by FSANZ was completed in 2017, a number of international agencies have 

published updated toxicological reviews for these chemicals. 

In June 2018, the US ATSDR published an update to their toxicological profile for PFAS. The 

update changed their existing draft guideline based on applying an additional safety factor to 

address the uncertainties in understanding the impacts these chemicals may have on the immune 

system. This assessment remains a draft profile and hasn’t been implemented as yet (ATSDR 

2018). In September 2020, the European Food Safety Authority released a toxicity profile for PFOS, 

PFOA, PFNA and PFHxS (EFSA Panel on Contaminants in the Food Chain et al. 2020). A tolerable 

weekly intake of 0.0044 µg/kg bw/week for the sum of PFOS, PFOA, PFNA and PFHxS was 

determined based on effects on the immune system. These newly derived guidelines are lower (i.e. 

more stringent) than the existing Australian TDIs listed in Table 6.1.  

FSANZ has indicated that they are currently undertaking a review of all these documents to 

determine if there is any new information that would warrant any change in Australian guidance4.  

6.4 Other PFAS 

Most international guidelines focus on PFOS and PFOA. Guidelines in Australia focus on PFOS, 

PFHxS and PFOA. There are, however, many other chemicals that may be included in the PFAS 

chemicals class. For most of these “other PFAS”, limited data are available to evaluate their toxicity. 

What is available indicates that these other chemicals are likely to be less toxic than PFOS and 

PFOA. Given these limitations, this assessment has considered the guidelines specifically as 

indicated in the NEMP as well as whether there is any change in the conclusions if the sum of all 

PFAS detected in a sample (i.e. total PFAS) is considered.  

6.5 FSANZ trigger points for different food types 

In addition to these overarching toxicity reference values, other types of screening criteria have 

been developed for use in contaminated land investigations involving PFAS chemicals. FSANZ 

have established trigger points which can be used to screen measured concentrations in food 

where that might be relevant for a site investigation. These values are generated by FSANZ for use 

by public health and regulatory officials as an indication that further investigation may be required 

(FSANZ 2017c). 

The FSANZ trigger points relevant for this assessment are listed in Table 6.2 (FSANZ 2017c). 

 
 
 
 

 

 

4 https://www.foodstandards.gov.au/consumer/chemicals/Pages/Perfluorinated-compounds.aspx 

https://www.foodstandards.gov.au/consumer/chemicals/Pages/Perfluorinated-compounds.aspx


 

Human Health Risk Assessment: Skeleton Creek and Sanctuary Lakes     18 | P a g e  
Ref: AU/21/FISH001 

Table 6.2: FSANZ trigger points  

Criteria Type 
Screening Criteria 

PFOS + PFHxS PFOA 
Finfish (mg/kg) 1 0.0052 0.041 

Fish liver (mg/kg) 1 0.28 2.24 

Crustaceans/Molluscs (mg/kg) 1 0.065 0.52 
Notes: 

1 FSANZ Dietary Assessment (FSANZ 2017c) 

6.6 Uncertainties 

In general, the available scientific information for all chemicals is insufficient to provide a thorough 

understanding of all the potential toxic properties of chemicals to which humans may be exposed. It 

is necessary, therefore, to extrapolate these properties from data obtained under other conditions of 

exposure and involving experimental laboratory animals. Most of the toxicological knowledge of 

chemicals comes from experiments with laboratory animals. There may be interspecies differences 

in chemical absorption, metabolism, excretion and toxic response. There may also be uncertainties 

concerning the relevance of animal studies using exposure routes that differ from human exposure 

routes. In addition, the frequent necessity to extrapolate results of short-term or sub-chronic animal 

studies to humans exposed over a lifetime has inherent uncertainty. To account for all these 

uncertainties, additional factors are included in the calculation of toxicity reference values to lower 

the tolerable daily intake well below levels that cause effects in animal studies. This is considered 

likely to result in an overestimation of actual risk assessed for long-term or chronic exposures.  
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Section 7. Investigation and screening assessment 

Section 3.6.4 in the ERA discusses the surface water sampling results for Skeleton Creek (Aurecon 

2022). Findings included: 

◼ Reported PFAS compositions of upgradient / upstream samples indicate a higher relative 

proportion of PFOA to other PFAS than that reported from on-Site soil, groundwater and 

surface water samples. This is consistent with the types of PFAS-containing products 

historically used at RAAF Williams (Laverton).  

◼ Reported PFOS concentrations in upstream locations were generally below 0.1 μg/L, with 

the exception of surface water samples collected from upstream of Skeleton Creek (0.16 

μg/L PFOS at SW41 in 2019), upstream of Laverton Creek at Kayes Drain (0.17 μg/L of 

PFOS at SW46 in 2020) and downstream of Laverton Creek at the Altona sewage treatment 

plant (0.24 μg/L of PFOS at SW47 in 2020).  

◼ PFAS were detected in at least 70% of surface water samples from background locations. 

◼ Concentrations in Skeleton Creek downstream of Williams Landing and RAAF Williams 

(Laverton) ranged up to: 

o 0.39 μg/L for PFOS 

o 0.33 μg/L for PFHxS 

o 0.03 μg/L for PFOA 

◼ Concentrations in Sanctuary Lakes ranged up to: 

o 0.16 μg/L for PFOS 

o 0.042 μg/L for PFHxS 

o 0.0091 μg/L for PFOA 

These results are above the water quality guidelines for PFOS based on both the protection of 

aquatic ecosystems for direct toxicity and bioaccumulation (i.e. 95 and 99% species protection 

values). As already discussed, these results triggered further investigation of tissue residue levels in 

fish that might be consumed by higher organisms (discussed in the ERA) and in fish that might be 

consumed by people (discussed in this report). 

Fish samples were collected in November 2020 using methods described in Section 4 and, in more 

detail, in the ERA. The laboratory reports for these samples are included in Appendix C of the ERA 

and the data quality assessment is included in Appendix D of the ERA (Aurecon 2022). 

Sampling locations within Skeleton Creek are shown in Figure 5. Fish were able to be collected in 3 

locations. These 3 locations were those identified as surface water sampling locations SW72, SW20 

and SW49. From discussions with local community groups, fishing has been observed daily 

(different people) during the summer months. The most common fishing location is SW49, where 

one local fisher was present during sampling. The results are listed in Table 7.1. 

When sampling in Sanctuary Lakes, the sampling team (specialist aquatic ecologists) spent 2 full 

days attempting to collect fish in the lake using net traps, casting nets and leaving fyke nets in place 

overnight. Only 1 sample was able to be collected for the purposes of this HHRA, despite significant 

effort. The sample was collected at the surface water sampling location SW87. This location is near 

the Regatta Beach playground and is reportedly the most common fishing spot. This location was, 

also, the location of the highest reported surface water concentration in the Lake (0.202 µg/L 
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PFOS+PFHxS). Local recreational fishers were present at this location at the time of sampling and 

were unable to catch any fish with a bait and hook over a period of two hours. They reported 

previously fishing in the Lake three weeks prior. This provides an indication of the relative frequency 

of recreational fishing during periods of good weather. The results are listed in Table 7.2. 
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Table 7.1: Fish tissue results – Skeleton Creek 

Sampling location 
Concentrations (mg/kg wet weight) 

PFOS PFHxS PFOA 
Total 
PFAS 

PFBS PFPeS PFHpS PFDS PFNA PFDA 
PFUnD

A 
PFDoD

A 
PFTrD

A 
PFTeD

A 
PFOSA 

BIOAFA081# (short 
finned eel) 

0.2 0.015 <0.0003 0.254 <0.0005 0.0008 0.0012 0.002 <0.0005 0.0085 0.0031 0.012 0.0053 0.006 <0.0005 

BIOAFA082 (goldfish) 0.058 0.0028 0.0004 0.0769 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0076 0.0013 0.0047 0.0005 <0.0005 0.0007 

BIOAFA072 (short 
finned eel) 

0.3 0.0098 0.0004 0.352 <0.0005 <0.0005 0.0009 0.0022 <0.0005 0.011 0.0039 0.015 0.0036 0.0038 <0.0005 

BIOAFA075 (goldfish) 0.26 0.0067 0.0003 0.302 <0.0005 <0.0005 0.0019 0.0059 0.0005 0.011 0.0007 0.0075 0.0007 0.0009 0.0026 

BIOAFA079 (oriental 
weatherloach) 

1.1 0.045 0.0021 1.276 0.0007 0.0046 0.0052 0.0086 0.0025 0.054 0.006 0.029 <0.0005 0.0059 0.0022 

BIOAFA054 (short 
finned eel) 

0.14 0.045 0.0012 0.218 0.0015 0.0033 0.0022 0.0007 0.0006 0.0054 0.0015 0.079 0.0036 0.0041 <0.0005 

FSANZ trigger point 
(fish) 

0.0052 0.041 No specific trigger points set by FSANZ 

 

Table 7.2: Fish tissue results – Sanctuary Lakes 

Sampling location 
Concentrations (mg/kg wet weight) 

PFOS PFHxS PFOA 
Total 
PFAS 

PFBS PFPeS PFHpS PFDS PFNA PFDA 
PFUnD

A 
PFDoD

A 
PFTrD

A 
PFTeD

A 
PFOSA 

BIOAFA033 (short 
headed lamprey) 

0.0059 0.0003 <0.0003 0.0079 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0017 

FSANZ trigger point 
(fish) 

0.0052 0.041 No specific trigger points set by FSANZ 
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For both datasets (i.e. Skeleton Creek and Sanctuary Lakes), PFOS + PFHxS were the 

predominant individual chemicals present. The sum of these 2 chemicals contributes 80-90% of 

total PFAS value (i.e. the sum of all detected chemicals in the PFAS analytical suite). This is as 

expected for environmental samples, given the types of products containing PFAS that were 

commonly used. Products such as stain repellent and water repellent treatments and fire fighting 

foams comprised predominantly PFOS until the early 2000s when formulations started changing.  

Further assessment of these results in Section 8.3 (and discussed below) has focused on the 

results for PFOS+PFHxS, PFOA and total PFAS only. 

For Skeleton Creek, the fish species sampled include goldfish, short finned eels and oriental 

weatherloach.  

◼ Oriental weatherloach are not native to Australian waterways and are considered a pest 

species 5. They are a common species used in aquaria. This species is not expected to be 

targeted by recreational fishers. 

◼ Goldfish (also carp) are not native to Victorian waterways and are considered a pest 

species. They are a common species used in aquaria. They are a species that some people 

target when fishing. 

◼ Short finned eels 6 are native to Victorian waterways. They migrate to spawn so are not 

present in Skeleton Creek for their entire life cycle. They are a species sought by 

recreational fishers. 

All samples collected in Skeleton Creek were found to have PFOS+PFHxS concentrations above 

the relevant FSANZ trigger points. Concentrations for PFOS+PFHxS were at least 10 times the 

trigger point and, in some samples, significantly higher than that.  

For Sanctuary Lakes, the single sample was of a short headed lamprey7. This species spends time 

in marine systems and travels upstream into freshwater areas only to spawn. This species is not 

expected to be targeted by recreational fishers. 

This sample was found to have a concentration of PFOS+PFHxS that was essentially equal to the 

FSANZ trigger point. While the concentration was slightly above the FSANZ trigger point it was 

within 10% of the trigger point which is considered to be within the reproducibility of the method.  

Those species not expected to be targeted by recreational fishers still provide relevant information 

for this assessment as surrogates for species that were not able to be collected. All fish targeted 

were those large enough to be relevant for fishers to consume. 

Further consideration of these results has been provided in Section 8. 

  

 
 
 
 
 

 

5 https://www.dpi.nsw.gov.au/fishing/aquatic-biosecurity/pests-diseases/freshwater-pests/finfish-species/oriental-weatherloach  
6 https://vfa.vic.gov.au/education/fish-species/short-finned-eel  
7 http://www.nccma.vic.gov.au/resources/publications/short-headed-lamprey-fact-sheet  

https://www.dpi.nsw.gov.au/fishing/aquatic-biosecurity/pests-diseases/freshwater-pests/finfish-species/oriental-weatherloach
https://vfa.vic.gov.au/education/fish-species/short-finned-eel
http://www.nccma.vic.gov.au/resources/publications/short-headed-lamprey-fact-sheet
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Section 8. Refined Assessment 

8.1 FSANZ approach for trigger points 

The Food Standards Code8 provides guidance on the presence of a range of chemicals (naturally 

occurring ones, agricultural chemicals or food processing chemicals) or microorganisms in the 

Australian food supply. The limits outlined in this code are legal requirements. The limits are 

calculated by assuming people normally eat a certain amount of food of a particular type – usually a 

high end level of consumption based on national nutrition surveys. The calculation also considers 

the acceptable intake of a chemical and the body weight (child or adult).  

There are no limits in the code specifically for PFAS.  

Food Standards Australia and New Zealand have, however, determined trigger points for the levels 

of PFAS that can be in different food types without likelihood of harm. These values are not legal 

limits. They have been determined using a conservative exposure scenario and are provided to 

inform environmental assessments around locations that may have used products containing PFAS 

historically. FSANZ have provided the detail about how they were calculated to allow site specific 

adjustment where required. 

The health based screening criterion for consumption of fish developed by FSANZ (i.e. FSANZ 

trigger point of 0.0052 mg/kg for PFOS+PFHxS), in regard to PFAS concentrations, is based on the 

following assumptions: 

◼ Body weight of a small child (2-6 years old) (19 kg) 

◼ High end consumer (P90) (i.e. a child consumes 73 g (0.073 kg) of fish every day) 

◼ Tolerable daily intake for PFOS + PFHxS (0.02 µg/kg/d) (FSANZ 2017d) 

This means the trigger value of 0.0052 mg/kg for the concentration of PFOS+PFHxS in fish is 

protective for a pre school child (i.e. 3-4 year old based on data from the Australian Bureau of 

Statistics or a 5 year old based on reference values determined by the International Commission on 

Radiological Protection) who eats 73 g of fish every day of the year throughout their childhood.  

It is considered that targeting the protection of small children will also be protective for adults. It is 

appropriate to use these types of assumptions to calculate conservative generic criteria to use to 

screen data in the first instance. This allows monitoring results to be easily classified for sites that 

might need further investigation compared to sites that need no further evaluation.  

Information collected by FSANZ to understand consumption rates in Australia comes from phone 

surveys which ask people to indicate what they have eaten on the day of the survey and on the day 

previous to the survey (or similar) – i.e. asks people to indicate what they ate over 1-2 days only. 

These data are then extrapolated to indicate daily ingestion rates over the longer term. 

 
 
 
 

 

 

8 https://www.foodstandards.gov.au/code/Pages/default.aspx 

https://www.foodstandards.gov.au/code/Pages/default.aspx
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The FSANZ information about food consumption rates discussed in their dietary assessment for 

PFAS (FSANZ 2017d) indicates that: 

◼ only 7% of children who responded to the survey (i.e. whose parents responded to the 

survey) consumed freshwater fish in the survey period 

◼ only 4% of children who responded to the survey (i.e. whose parents responded to the 

survey) consumed fish that spend time in both fresh and marine waters (diadromous) during 

the survey period.  

◼ 67% of children who responded to the survey (i.e. whose parents responded to the survey) 

consumed marine fish during the survey period. 

A total of approximately 450 children were included in this survey meaning approximately 400-420 

children consumed no fish relevant for freshwater or estuarine locations during the survey period. 

These are the types of fish most relevant for Skeleton Creek and Sanctuary Lakes. 

Assuming no overlap between those that consumed freshwater fish and diadromous fish, a total of 

50 of the children surveyed indicated how much fish they consumed on a particular day. The 

average fish ingestion rate for all children surveyed was 1-2 g/day (i.e. the total group of 450). The 

average for these children who consumed these types of fish was 28-34 g per day. The 90th 

percentile was 60-72 g per day. The value used in the calculation of the FSANZ trigger value was 

73 g/day which was the 90th percentile for all fish including marine species which are consumed 

much more commonly.  

For the adults surveyed, the following results were reported: 

◼ 9% of surveyed population ate freshwater fish 

◼ 11% of surveyed population ate diadromous fish 

◼ 70% of surveyed population ate marine fish 

◼ Approximately 7,600 people were included in the survey 

◼ Mean ingestion rate for all people in the survey was 5 g per day for fish types relevant in this 

situation (i.e. freshwater and diadromous) 

◼ Mean ingestion rate for people who definitely consumed fish in the survey period was 50-56 

g per day for fish types relevant in this situation (i.e. freshwater and diadromous) 

◼ 90th percentile ingestion rate for people who consumed fish in the survey period was 119-

143 g per day for fish types relevant in this situation (i.e. freshwater and diadromous) 

If the same trigger value calculation is undertaken to determine a FSANZ guideline for adults 

instead of children, the trigger value would be 0.011 mg/kg. If the same calculation is undertaken for 

children using the mean ingestion rate for children that consumed fish, the trigger value is also 

0.011 mg/kg.  

8.2 Adjusting trigger points 

8.2.1 Technical policy basis for adjusting trigger points 

Adjusting trigger points in site specific situations is common practice in Australia as well as the US. 

FSANZ has other guidance (unrelated to PFAS) which advises people to limits their consumption of 

fish to 2-3 meals per week. This advisory is based on ensuring the intake of mercury that naturally 



 

Human Health Risk Assessment: Skeleton Creek and Sanctuary Lakes    26 | P a g e  
Ref: AU/21/FISH001 

occurs in fish stays within acceptable levels9. For some specific fish species (ones known to have 

higher mercury levels), the advice indicates consumption should be limited to 1 serve per week or 

even 1 serve per fortnight.  

This information allows national guidelines based on consumption of fish every day to be adjusted in 

specific circumstances. 

This approach was also adopted in NSW for fish in Sydney Harbour in 2006/7. Fish in this location 

may be contaminated with dioxin like compounds due to historical contamination in Homebush Bay 

(an embayment on Parramatta River upstream of the harbour) 10. Advice to fishers included: 

◼ Don’t eat any fish species caught west of the Sydney Harbour Bridge 

◼ For mullet caught east of the Sydney Harbour Bridge, limit consumption to 1 meal every 

quarter 

◼ For bream and a number of other species caught east of the Sydney Harbour Bridge, limit 

consumption to 1 meal every month 

◼ For flounder and other species caught east of the Sydney Harbour Bridge, limit consumption 

to 12 meals per month. 

Specific guidance on consumption of fish was developed for individual species relevant to the water 

body based on actual monitoring data. Such detailed advice cannot be provided if no water body 

specific monitoring data are available but can be developed when monitoring has been undertaken. 

EPA Victoria11 has also issued similar guidance specifically in relation to PFAS for a range of 

locations: 

◼ Lake Kernot, Morwell: Do not eat fish or eels caught from the lake.  

◼ Heart Morass Wetland: Do not eat fish or eels caught from the wetland.  

◼ Lower Latrobe River: Do not eat more than one serve of eel per month from the Lower 

Latrobe River bounded by Heart Morass, and do not eat more than one serve of carp per 

week caught from the Lower Latrobe River bounded by Heart Morass.  

◼ Hazelwood Pondage: Do not eat more than one serve of fish per week for adults and one 

serve per fortnight for children.  

◼ Maribyrnong River catchment: Do not eat fish caught from Maribyrnong River upstream of 

Solomons Ford in Avondale Heights (including Deep Creek up to Bulla).  

◼ Arundel Creek: Avoid fishing, swimming or using water from Arundel Creek for stock 

watering. Pets should also be kept out of Arundel Creek.  

◼ Bandiana Military Area: Do not eat carp caught in the Kiewa River between Bakers Lane and 

the Cudgewa-Wodonga Rail Trail, inclusive of the flood plain area bound by Bakers Lane 

and the Murray Valley Highway. This advice is only about carp and does not include other 

fish species. 

 
 
 
 

 

 

9 http://www.foodstandards.gov.au/consumer/chemicals/mercury/Pages/default.aspx 
10 https://www.foodauthority.nsw.gov.au/consumer/special-care-foods/sydney-harbour-seafood 
11 https://www.epa.vic.gov.au/for-community/environmental-information/pfas/pfas-in-the-environment#biota  

http://www.foodstandards.gov.au/consumer/chemicals/mercury/Pages/default.aspx)
https://www.foodauthority.nsw.gov.au/consumer/special-care-foods/sydney-harbour-seafood
https://www.epa.vic.gov.au/for-community/environmental-information/pfas/pfas-in-the-environment#biota
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This approach is also adopted in the US as shown at the following websites: 

◼ https://www.epa.gov/choose-fish-and-shellfish-wisely  

◼ https://www.epa.gov/fish-tech  

The USEPA has also published guidance on developing fish advisories using relevant monitoring 

data12. 

8.2.2 Adjustment of trigger values 

As explained above, it is permissible and appropriate to adjust guidelines like these FSANZ trigger 

points for use at a particular site to make a risk assessment more realistic. There does need to be 

sufficient relevant information to justify any changes to standard assumptions but if such information 

is available the calculations can be undertaken.  

The FSANZ assessment provides information to allow such adjustments. They have documented 

what parameter values they have used in their calculations. They have also provided the 

background information about fish consumption rates to allow some adjustment where appropriate 

(FSANZ 2017c).    

EPA Victoria also provide assumed values for ingestion of fish to be used in these types of 

calculations. The values are slightly different to those used by FSANZ – child ingestion rate 0.075 

kg/day and 0.15 kg/day for adults. Using these values would not make a significant difference to the 

adjustment calculations. 

The calculation by FSANZ used the following equation: 

𝐺𝑢𝑖𝑑𝑒𝑙𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 (µ𝑔 𝑝𝑒𝑟 𝑘𝑔)

=
𝑡𝑜𝑙𝑒𝑟𝑎𝑏𝑙𝑒 𝑑𝑎𝑖𝑙𝑦 𝑖𝑛𝑡𝑎𝑘𝑒 (µ𝑔 𝑝𝑒𝑟 𝑘𝑔 𝑏𝑤 𝑝𝑒𝑟 𝑑𝑎𝑦)  ∗  𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)

𝑓𝑖𝑠ℎ 𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝑘𝑔 𝑝𝑒𝑟 𝑑𝑎𝑦) 
 

 

The parameter values from the FSANZ guidance document used to calculate the FSANZ trigger 

point are listed in Table 8.1. Listing the ingestion rate as kg/day means that it is assumed that a 

child will eat this amount of fish every day of the year. 

Table 8.1: FSANZ parameter values for standard calculation of trigger point (FSANZ 2017c) 

Parameter 
Parameter 

Value 
Comment 

Tolerable Daily Intake (µg/kg/d) 0.02 Value used in generic guideline 

Child Relevant Parameters  

Fish Ingestion Rate (kg/day) – P90 0.073 Value used in generic guideline 

Body Weight (kg)  19  Value used in generic guideline 

 

 
 
 
 

 

 

12 https://www.epa.gov/fish-tech/epa-guidance-developing-fish-advisories 

https://www.epa.gov/choose-fish-and-shellfish-wisely
https://www.epa.gov/fish-tech
https://www.epa.gov/fish-tech/epa-guidance-developing-fish-advisories
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𝐺𝑢𝑖𝑑𝑒𝑙𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 =  
𝑇𝐷𝐼 ∗ 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑓𝑖𝑠ℎ 𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
 

𝐺𝑢𝑖𝑑𝑒𝑙𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 =  
0.02∗19

0.073
 = 5.2 µg/kg ww = 0.0052 mg/kg ww 

 

Adjustments can be made to some of the parameter values from the FSANZ guidance document. 

These suggested adjustments are listed in Table 8.2 and the adjusted trigger points using the 

different parameter values are listed in Table 8.3.  

Table 8.2: Parameter values that could be adjusted (FSANZ 2017c) 

Parameter 
Parameter 

Value 
Comment 

Tolerable Daily Intake (µg/kg/d) 0.02 Value used in generic guideline 

Child Relevant Parameters  

Fish Ingestion Rate (kg/day) – P90 0.073 Value used in generic guideline 

Body Weight (kg)  19  Value used in generic guideline 

Fish Ingestion Rate (kg/day) – Mean instead of 
P90 

0.024 
Value listed in FSANZ document to allow 

modification based on site-specific information 

Adult Relevant Parameters 

Fish Ingestion Rate (kg/day) – P90 (i.e. high end 
consumer) 

0.123 
Value listed in FSANZ document to allow 

modification based on site-specific information 

Fish Ingestion Rate (kg/day) – Mean instead of 
P90 

0.045 
Value listed in FSANZ document to allow 

modification based on site-specific information 

Body Weight (kg)  70 
Value listed in FSANZ document to allow 

modification based on site-specific information 

 

When these parameters are used in these calculations, the adjusted trigger values listed in Table 

8.3 can be determined. 

Table 8.3: Proposed adjusted trigger points for fish consumption 

Proposed adjustment  Adjusted trigger point 
Current generic trigger level (mg/kg) (P90 ingestion rate) 0.0052 

Using child relevant parameters for mean consumption (mg/kg) 0.016 

Using adult relevant parameters for high level consumption (P90 ingestion rate) 
(mg/kg) 

0.011 

Using adult relevant parameters for mean consumption (mg/kg) 0.031 

 

All of the adjusted trigger values listed in Table 8.3 still assume daily consumption of the relevant 

amount of fish.  

Further adjustment of the criteria for fish consumption can be made by changing how many days 

per week fish from Skeleton Creek or Sanctuary Lakes are likely to be consumed.  

The existing advisory in Australia related to the potential for mercury to be present in fish advises 

people to limit their fish intake to 2-3 meals per week. If this general advice is applied to adjust the 

FSANZ limits for PFOS+PFHxS, the trigger point can be adjusted as follows: 
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To undertake this calculation, the fish ingestion rate needs to be adjusted. The national trigger point 

is based on daily consumption of 73 g fish. If this is changed to 3 meals per week, then the ingestion 

rate changes from 73 g/day to an average of 31 g/day for a child (P90) and from 45 g/day to 19 

g/day for an adult (mean). 

Assuming all the other parameter values as per the current trigger value, then the calculation 

becomes as follows: 

𝐺𝑢𝑖𝑑𝑒𝑙𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 =  
𝑇𝐷𝐼 ∗ 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑓𝑖𝑠ℎ 𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
 

𝐺𝑢𝑖𝑑𝑒𝑙𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 =  
0.02∗19

0.031
 = 12.2 µg/kg ww = 0.0122 mg/kg ww 

Table 8.4 lists all adjusted trigger points for comparison. 

Table 8.4: Proposed adjusted trigger values for fish consumption 

Proposed adjustment  Adjusted trigger point  
Current generic trigger value (mg/kg) 0.0052 

Using child relevant parameters for mean consumption (mg/kg) 0.016 

Using adult relevant parameters for high level consumption (mg/kg) 0.011 

Using adult relevant parameters for mean consumption (mg/kg) 0.031 

3 meals per week only using child relevant parameters (mg/kg) 0.012 

3 meals per week only using child relevant parameters for mean intake (mg/kg) 0.038 

3 meals per week only using adult relevant parameters for mean intake (mg/kg) 0.074 

 

8.3 Refined screening assessment 

8.3.1 Skeleton Creek 

The results for Skeleton Creek are listed in Table 8.5 to allow comparison with the adjusted trigger 

points.  

Table 8.5: Fish tissue results – Skeleton Creek 

Sampling location 
Concentrations (mg/kg wet weight) 

PFOS PFHxS PFOA 
Total 
PFAS 

BIOAFA081# (short finned eel) 0.2 0.015 <0.0003 0.254 

BIOAFA082 (goldfish) 0.058 0.0028 0.0004 0.0769 

BIOAFA072 (short finned eel) 0.3 0.0098 0.0004 0.352 

BIOAFA075 (goldfish) 0.26 0.0067 0.0003 0.302 

BIOAFA079 (oriental weatherloach) 1.1 0.045 0.0021 1.276 

BIOAFA054 (short finned eel) 0.14 0.045 0.0012 0.218 

FSANZ trigger point (fish) 0.0052 0.041  

Using child relevant parameters for mean consumption (mg/kg) 0.016   

Using adult relevant parameters for high level consumption (mg/kg) 0.011   

Using adult relevant parameters for mean consumption (mg/kg) 0.031   

3 meals per week only using child relevant parameters (mg/kg) 0.012   

3 meals per week only using child relevant parameters for mean 
intake (mg/kg) 

0.038 
 

 

3 meals per week only using adult relevant parameters for mean 
intake (mg/kg) 

0.074 
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Results for PFOS alone are almost all in excess of the largest adjusted trigger point – 0.074 mg/kg 

ww – relevant for mean consumption for adults for 3 meals per week.  

For the fish with the highest concentrations, a meal or two per year of fish from Skeleton Creek 

would be the maximum a child could consume without exceeding the recommended tolerable 

intake. For the fish with the lower concentrations, a few meals per month of fish from Skeleton 

Creek would be the maximum a child could consume without exceeding the recommended tolerable 

intake.  

The following limitations are noted in regard to sampling within Skeleton Creek: 

◼ Freshwater yabbies were proposed to be sampled, however, they were not observed at the 

time of sampling and are unlikely to be present due to the salinity of the creek.  

◼ Short-finned eels were more frequently observed and were sampled at locations not initially 

proposed, including SW72 and SW75, as none were able to be collected at SW12. Due to 

the general habitat range of eels, this is not considered a significant limitation to the 

sampling program.  

◼ Altona Meadows residents observed significant carp spawning activity the week prior to 

sampling, which had settled down significantly during the week of sampling. Whilst evidence 

of carp was observed along the creek, such as craters in the banks where mud had been 

gouged, no carp were able to be captured as was proposed. Two surrogate species (oriental 

weatherloaches and goldfish) were sampled and analysed as surrogates.  

◼ There is uncertainty regarding the frequency of recreational fishing activities and subsequent 

consumption of the fish. From discussions with local community groups, fishing has been 

observed daily (different people) during the summer months. 

There is a potentially elevated risk from exposure to PFAS associated with consumption of fish from 

Skeleton Creek. Based on the results of fish sampling conducted for this HHRA, EPA Victoria has 

issued the following advice in regard to consuming fish from Skeleton Creek: 

Skeleton Creek Lower Catchment: Do not eat fish or eels caught from Skeleton Creek to the 

south of the Princes Freeway (M1) in Point Cook, Seabrook and Altona Meadows to the 

bridge to Altona Meadows. 

8.3.2 Sanctuary Lakes 

The results for Sanctuary Lakes are listed in Table 8.6 to allow comparison with the adjusted trigger 

points. As noted previously, the results are essentially equivalent to the FSANZ trigger point for 

PFOS+PFHxS.  
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Table 8.6: Fish tissue results – Sanctuary Lakes 

Sampling location 

Concentrations (mg/kg wet weight) 

PFOS PFHxS PFOA 
Total 
PFAS 

BIOAFA087 (short headed lamprey) 0.0059 0.0003 <0.0003 0.0079 

FSANZ trigger point (fish) 0.0052 0.041  

Using child relevant parameters for mean consumption (mg/kg) 0.016   

Using adult relevant parameters for high level consumption 
(mg/kg) 

0.011 
 

 

Using adult relevant parameters for mean consumption (mg/kg) 0.031   

3 meals per week only using child relevant parameters (mg/kg) 0.012   

3 meals per week only using child relevant parameters for mean 
intake (mg/kg) 

0.038 
 

 

3 meals per week only using adult relevant parameters for mean 
intake (mg/kg) 

0.074 
 

 

 

The concentration in this sample was below all of the adjusted trigger points (0.01 -0.07 mg/kg ww) 

based on either PFOS+PFHxS or total PFAS concentration. 

Only one sample was able to be collected from the Lakes, but it was noted that significant effort was 

put into collecting samples (discussed in Section 7), so it is expected that it is not possible to catch 

substantial amounts of fish from the Lakes.  

The following limitations are noted in regard to the sampling undertaken within Sanctuary Lakes: 

◼ The targeting of larger fish specimens within Sanctuary Lakes, including the target Southern 

Black Bream, would require use of a boat and fishing line. The relevant methods for such 

fishing were not listed in the permits held by the specialist aquatic ecologist conducting the 

sampling. A large lamprey specimen was collected and analysed as a surrogate for larger 

fish specimens.  

◼ The single fish species was collected from the most common fishing location (based on local 

advice), although fishing was observed in other locations across the Lake. 

◼ Fishing was observed during the sampling event and the recreational fishers reported 

previously fishing three weeks ago. This provides an indication of the relative frequency of 

recreational fishing. There remains uncertainty around the frequency of recreational fishing 

at the Lake, but it is likely to be relatively infrequent. It is acknowledged that it will vary 

between individual fishers. 

In addition, it is noted that no power boats are allowed on the Lakes, however, sailboats and 

paddleboats area allowed.  

The Sanctuary Lakes Operations Manager has also reported that: 

◼ there is an average of one paddle vessel on the water every two or three weeks.  

◼ there is at least one resident that fishes from a paddle boat using soft plastic lures. This 

fisher has previously caught bream up to 40 cm in size (it was noted that it takes them 5-7 

year to get to this size).  

◼ some areas around the Lakes provide more success in fishing than other areas. 
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◼ fishing from the bridges and abutments is generally a more common occurrence using long 

poles and short lines.  

◼ during lockdown (2020/2021), very few people were observed fishing.  

◼ prior to lockdowns (prior to 2020), the number of people fishing varied significantly and, on 

average, there were 6-12 people a day fishing on the Lakes with individuals potentially 

fishing around 1-2 times per week during better weather.  

It is noted that other smaller fish were sampled for the ecological risk assessment. These fish were 

analysed whole rather than just the fillet (likely edible portion). Table 8.7 provides the results for 

these additional samples.  

Table 8.7: Whole small fish tissue results – Sanctuary Lakes 

Sampling location 
Concentrations (mg/kg wet weight) 

PFOS PFHxS PFOA 
Total 
PFAS 

BIOAFA034 (smallmouth hardyhead) 0.04 0.0008 0.0003 0.046 

BIOAFA037 (common galaxia) 0.059 0.0017 0.0005 0.075 

BIOAFA039 (flathead gudgeon) 0.025 0.0004 <0.0003 0.032 

FSANZ trigger point (fish) 0.0052 0.041  

Using child relevant parameters for mean consumption (mg/kg) 0.016   

Using adult relevant parameters for high level consumption 
(mg/kg) 

0.011 
 

 

Using adult relevant parameters for mean consumption (mg/kg) 0.031   

3 meals per week only using child relevant parameters (mg/kg) 0.012   

3 meals per week only using child relevant parameters for mean 
intake (mg/kg) 

0.038 
 

 

3 meals per week only using adult relevant parameters for mean 
intake (mg/kg) 

0.074 
 

 

 

These smaller fish were found to have higher concentrations (whole body) than the results reported 

for the lamprey in Table 8.6. The results for the flathead gudgeon were in compliance with the 

guidelines based on daily consumption all year round for a child who consumes an average amount 

of fish per day. The results for the other two samples were in compliance with the guideline based 

on consumption of 3 meals per week all year found for an adult who consumes an average amount 

of fish per meal.  

It has been observed that smaller fish often have higher concentrations of PFAS than larger fish. 

This is the opposite of what is normally expected for chemicals that bioaccumulate (e.g. 

organochlorine pesticides like DDT or other chlorinated compounds like dioxins or PCBs).  

This difference arises from the different mechanisms by which these chemicals are taken in by the 

fish and where they are accumulated in an organism.  

Chemicals like DDT accumulate in the lipid inside a fish and fish tend to have more lipid the higher 

up the food chain, so it is usually larger fish that will have higher body burdens of these types of 

chemicals.  

PFAS accumulate in fish by attaching to proteins in blood. This means the higher concentrations in 

the body will be present in tissues that contain a lot of blood like liver and kidney. The amount 

present in the fish is also dependent on how the fish are exposed to PFAS. PFAS enter the fish via 



 

Human Health Risk Assessment: Skeleton Creek and Sanctuary Lakes    33 | P a g e  
Ref: AU/21/FISH001 

the food they eat, the water they drink and via movement of water (containing PFAS in this situation) 

across the gills during respiration (breathing). Movement across the gills appears to be the primary 

pathway of exposure. This means exposure is governed by how quickly water is drawn across the 

gill surfaces (as well as the concentration of PFAS in the water body). The movement of water 

across the gill surface depends on the metabolic rate for a fish species. Often smaller fish have 

higher metabolic rates than larger fish so smaller fish are likely to have higher concentrations of 

PFAS than larger fish (Taylor 2020; Taylor et al. 2018; Taylor et al. 2017; Taylor & Johnson 2016).  

These smaller fish were analysed whole, so the samples included liver and other tissues that are 

likely to have higher concentrations of these chemicals than a fillet sample. 

Regardless, from anecdotal evidence provided by Aurecon, it appears people who go fishing in 

Sanctuary Lakes may only fish around once per month (every 3-4 weeks) although some people 

may have fished around once per week prior to 2020.  

The guidelines listed in Tables 8.6 and 8.7 (and used in this screening assessment) are all based 

on catching and consuming fish caught in Sanctuary Lakes at least 3 times per week for every week 

of the year.  

Other adjusted guidelines can be calculated based on consumption of 1 meal per fortnight of fish 

from this water body. These adjusted guidelines would be 0.076 mg/kg for a high end consumer as 

a child and 0.155 mg/kg for a high end consumer as an adult. All results, for small or large fish 

collected so far within Sanctuary Lakes, have lower concentrations than these values. 

It is acknowledged that the data available to assess potential concentrations present in fish that will 

be targeted for human consumption from Sanctuary Lakes are limited, however, it is likely that risks 

due to people consuming fish containing PFAS caught in Sanctuary Lakes will be acceptable given 

the concentrations reported in small and large fish and the anecdotal evidence about how often 

people might catch and consume fish from the Lakes.  

Due to the limited nature of sampling within Sanctuary Lakes, seasonally appropriate surface water 

monitoring at Sanctuary Lakes is recommended to assess PFAS concentrations in surface water 

over time and at periods reflective of changes in the water regime. 
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Section 9. Conclusions 

enRiskS was engaged by Aurecon to prepare a HHRA in relation to consumption of fish caught in 

Skeleton Creek and Sanctuary Lakes which may be impacted by PFAS from RAAF Williams 

(Laverton) VIC.  

A DSI was undertaken by Aurecon in 2019/2020 which included sampling of soil, sediment, surface 

water and groundwater at RAAF Williams (Laverton) and in Williams Landing (Aurecon 2020). This 

DSI reported water concentrations of PFAS in Skeleton Creek which triggered further sampling of 

fish to assess potential risks for fishing. This report has addressed the findings of this additional 

sampling. 

Samples of fish were collected in Skeleton Creek and Sanctuary Lakes in 2020. 

Assessment of the results has found that the risks for people due to exposure to PFAS via 

consumption of fish from Skeleton Creek may be elevated depending on the frequency of 

consumption. Based on the results of fish sampling conducted for this HHRA, EPA Victoria has 

issued the following advice in regard to consuming fish from Skeleton Creek: 

Skeleton Creek Lower Catchment: Do not eat fish or eels caught from Skeleton Creek to the 

south of the Princes Freeway (M1) in Point Cook, Seabrook and Altona Meadows to the 

bridge to Altona Meadows. 

Assessment of the limited results available for Sanctuary Lakes has found that the risks due to 

exposure to PFAS via consumption of fish from this waterbody are expected to be acceptable. Due 

to the limited nature of sampling within Sanctuary Lakes, seasonally appropriate monitoring of 

surface water at Sanctuary Lakes is recommended to assess PFAS concentrations over time and at 

periods reflective of changes in the water regime. 
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