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Acknowledgement of Country

We acknowledge the traditional custodians of the land 
on which we meet today, the Cammeraygal

(Gammaraygal) people. We honour the ancestors of 
yesterday, the custodians of today and those of 

tomorrow. We recognise the continuing connection to 
land and waters, and how culture is held, nurtured and 

shared. We pay our respects.

Left: The richly symbolic ‘Interwoven’ (2014) by artist Jessica Birk was commissioned by HealthShare NSW to illustrate the commitment to 
Closing the Gap in Aboriginal employment.
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Welcome and apologies
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Conflicts of interest
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Terms of Reference
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The panel will provide advice on 

 the clinical utility of blood testing in communities with PFAS exposure;

 the role of epidemiological studies for health outcomes in these affected communities;

 how to communicate risks to these affected communities and health care providers in the context of evolving
evidence; and

 evidence of health effects, future priorities for research and investigation of PFAS.

Noting that future advice might change as evidence evolves, NSW Health may engage the panel on other 
emerging issues related to PFAS.
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Objective of the Expert Panel

© NSW Ministry of Health. SHPN (EH) 250704. April 2025.



PFAS in drinking water in NSW

With presentation from Paul Byleveld

NSW Health
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2015 RAAF Base Williamtown – Hunter Water isolates two bores 

2016 RAAF Base Wagga Wagga PFAS investigations (Riverina Water monitoring from 2020) 

2018 NHMRC first published guidelines for PFAS in the Australian Drinking Water Guidelines 

2019 Sydney Water monitors drinking water at North Richmond  

2019 NSW Health recommended, for characteristics such as PFAS, that water utilities assess the risk of 
contamination in their catchments, and if a risk is identified, carry out monitoring 

2022 NHMRC commences review of PFAS guideline values 
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History of PFAS and drinking water in NSW
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2024 (June) Sydney Water tested drinking water from each water filtration plant 

2024 (July) results reported for Cascade Water Filtration Plant, WaterNSW commences investigative monitoring 
of raw water in catchments 

2024 (August) WaterNSW stopped transfer from Greaves Creek Dam and Medlow Dam 

2024 (September) NSW Health recommended all local water utilities undertake initial screening test for PFAS, 
regardless of the outcome of their risk assessments.  

2024 (October) NHMRC public consultation on proposed guidelines 

2024 (December) Sydney Water installs mobile treatment plant at Cascade Water Filtration Plant 
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History of PFAS and drinking water in NSW
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Current and proposed Australian Drinking Water 
Guideline values

ProposedCurrentPFAS

0.2g/L, 200 ng/L0.56g/L, 560 ng/LPFOA

0.004g/L, 4 ng/L0.07g/L, 70 ng/L 
(sum PFOS and PFHxS)

PFOS

0.03g/L, 30 ng/L0.07g/L, 70 ng/L 
(sum PFOS and PFHxS)

PFHxS

1 g/L,1000 ng/LNo valuePFBS

No value can be derived at this timeNo valueGenX
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• Medlow Dam and Greaves Creek Dam were shown to have higher than expected levels of PFAS and were
disconnected from supply to the Cascade Water Filtration Plant.
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Detection of PFAS in drinking water in NSW

Proposed guideline value 
(g/L)

Result (g/L)

0.2< 0.0001PFOA

0.0040.0155PFOS

0.030.0136PFHXS

Proposed guideline value 
(g/L)

Result (g/L)

0.2< 0.0001PFOA

0.0040.0164PFOS

0.030.0142PFHXS

PFAS in drinking water 25 June 2024 – Blackheath PFAS in drinking water 25 June 2024 – Katoomba
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Cascade drinking 
initial 2024

Ronneby drinking 
water 2013

Williamtown southern 
groundwater 2015-16

Williamtown stage 2b 
groundwater 2015-16

0.0164 µg/L8 µg/L98.2 µg/L1.40 µg/LPFOS

0.0142 µg/L1.7 µg/L18.6 µg/L1.36 µg/LPFHxS

< 0.0001 µg/L0.1 µg/L2.94 µg/L0.09 µg/LPFOA

0.32 µg/L8.05 µg/L0.59 µg/LPFHxA

NSW Health

Comparison to communities with known PFAS 
contamination

Ronneby data from: Xu Y, Nielsen C, Li Y, Hammarstrand S, Andersson EM, Li H, Olsson DS, Engström K, Pineda D, Lindh CH, Fletcher T, Jakobsson K. Serum perfluoroalkyl substances in residents 
following long-term drinking water contamination from firefighting foam in Ronneby, Sweden. Environ Int. 2021 Feb;147:106333. doi: 10.1016/j.envint.2020.106333. Epub 2020 Dec 23. PMID: 33360412. 

Williamtown data from: Table 21 and Table 22 AECOM Service for Department of Defence. Off-Site Human Health Risk Assessment – July 2016 RAAF Base Williamtown, Williamtown NSW
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Current evidence of health risks

With presentation by Jackie Wright (Environmental Risks Science)

NSW Health
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Health effects of PFAS exposure

• Key considerations/evidence
• Mechanism of action
• Human studies
• Animal studies

• Focus of PFOS and PFOA
• Key takeaway – it is messy and complex
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MoA

• PFOA and PFOS is mistaken by the body for a medium-length essential fatty acid, but it is
resistant to metabolism.

• Can disrupt lipid homeostasis at sufficiently high concentrations, but interindividual
differences in lipid homeostasis can also affect pharmacokinetics at low human
exposures.

• Can disrupt hepatic processing of lipids including cholesterol.

• Due to structural mimicry of essential fatty acids, PFOA and PFOS are well absorbed from
the GI tract; and there is active uptake of PFOA and PFOS in the bile and urine
(recirculation).

• So, these PFAS remain in the body for a long period of time.

• Lack of understanding of lipid metabolism in humans – the specific
mechanisms for adverse effects are poorly understood.
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Human and animal studies

• Common to consider both in assessing potential for adverse effects.
• For PFAS there is a large (and ever expanding) database of epidemiological

studies – these require some consideration and care in interpretation.
• Why are these regularly referenced and considered for PFAS?

• Perception that human studies are better than animal studies
• Many animal studies are dated (perceived to be of less importance)
• Rats and mice are poor models for humans in relation to PFOS and PFOA

(toxicokinetics very different)
• We do have data for more relevant species (monkeys) but it is limited
• Some of the newer studies have issues with poor study designs.
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Health effects – what do we know

• Key Australian reviews are FSANZ (2017) and SLR (2024 – informed
the NHMRC review).

• Consensus of these reviews is that the epidemiological studies not
sufficiently robust to establish guidelines – this includes studies
relating to immunosuppression.

• Note that EFSA and USEPA have relied on epidemiological studies to
establish guidelines.

• PFOS and PFOA result in activation of PPARα and this needs to be
considered in interpretation of animal studies for relevance to
humans.

• Key issue is toxicokinetic differences animal:human - modelling
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Health effects – what do we know

• Animal studies support the following effects:
• Developmental and reproductive effects (development of mammary glands,

decreased pup weight and neonatal survival) – commonly used as a critical
endpoint (interpretation of the data, in particular the way in which statistics are
used, in these studies varies).

• Immune effects (decreased levels of thyroid hormones and decreased
immunoglobulin response) (not all reviews have considered that these effects are
sufficiently robust and consistent to establish guidelines, question of clinical
relevance) – note FSANZ reviews on evidence of immune effects.

• Hepatic effects (not all effects are considered adverse – not all evaluations have
considered this in selecting endpoints).

• NHMRC considered changes in red blood cell production as an endpoint
for PFOS – not considered as endpoint in any other review (issues of
clinical relevance, short-duration study etc).
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Health effects – ATSDR (2021)
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Epi Studies

• Interpreting epi studies is complex – study design, confounding, bias, lack
of dose response, small variation in serum concentrations.

• Biological significance and MoA lacking for PFAS.
• Occupational data (limited studies at higher levels of exposure and serum

concentrations) does not clearly indicate effects, and most don’t have a
good understanding of actual exposure.

• Epidemiology studies have failed to draw conclusive/causal links between
exposure to PFAS and adverse health effects relating to cholesterol,
endocrine effects and cancer. In vitro studies with human cells/tissues over
a range of relevant concentrations are critically needed to elucidate
potential MoA for effects reported in epidemiological studies in order to
support any reliable assessment of causality.
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Epi Studies

Relevant adverse effects in population dataAssociations identified

Cardiovascular disease (negative or null associations)Cholesterol – increase in LDL and triglycerides

Risk of low birth weight (<2500 g) (null association)Birth weight - decrease

Increased frequency and duration of infectious 
disease (mix of positive and no associations)

Decrease in antibody response to vaccines

Incidence of disease (no associations)Endocrine – thyroid hormones and prevalence of 
diabetes

Liver disease (few studies with inconsistent 
associations)

Increase in liver enzymes

Decreased serum concentrations vs increased 
incidence of kidney cancers associated with PFOA

Cancer – kidney cancer

Immunosuppression – important to note that there are numerous issues in interpreting these 
studies. These are key studies relied on by EFSA and USEPA in developing guidelines and they are 
not sufficiently robust 
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Cancer

• Key review is from IARC (2025) – PFOA and PFOS
• IARC only considers hazard – it does NOT consider exposure (i.e. at

what level of exposure is cancer relevant) and it does not establish
toxicity reference values

• Consensus: Neither PFOA or PFOS are genotoxic
• So… assessing cancer should use a threshold (not use the USEPA non-

threshold values). It is not the case that any level of exposure to PFOA
(or PFOS) could result in development of cancer.

• Don’t know if the most sensitive endpoint is cancer or non-cancer
effects. MoA aspect remains unclear.
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Cancer

Key characteristics 
assessment was key 
decision driver –
review of approach 
suggests predicting 
cancer for PFAS on this 
basis no better than 
chance
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Cancer – range of studies

• Animal studies evaluated – did not determine if adenomas/ carcinomas identified are
relevant to humans. This relates to increased incidence of hepatocellular carcinomas,
pancreatic acinar cell adenomas and adenocarcinomas.

• The tumours seen in the experimental animals were almost entirely those associated with
impacts on PPARα which have been determined to not be relevant in people. This issue
has not been discussed in the IARC monograph or in the USEPA profiles, so it has been
assumed in both evaluations that these types of tumours are relevant for people.

• In relation to the epi studies for PFOA, there are some fundamental issues with the
appropriateness of the study designs.
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USEPA infographic – Misleading?
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Thoughts

• Health evidence is complex, and care needs to be taken in reviewing the
evidence to ensure it is consistent and robust – uncertainties remain

• More epidemiological studies of PFAS blood concentrations and the same
clinical measures are not needed

• Do not “strengthen the evidence” by demonstrating consistent associations

• Consistent associations may be seen because of reverse causality and confounding
by physiological processes (e.g., pharmacokinetic bias)

• Epidemiological and experimental studies that test hypotheses related to
postulated mechanisms and mode of action or PK bias are needed
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PFAS Blood Testing

With presentation from Stephen Conaty

NSW Health
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• PFAS blood results submitted from residents in the Blue Mountains

• What we know about serum PFAS levels in exposed communities in Australia and overseas

- ANU Study

- NHANES

- Australian Human Biomonitoring Survey

• What the current guidance is for blood testing PFAS in Australia and overseas

- enHealth

- ASTDR

- NASEM

• Discussion

NSW Health 28

Contents:
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Various PFAS blood test results submitted to NSW Health from Blue Mountains residents

Potential exposure Known medical history Test resultsGender, AgeCase
Blue Mountains resident, duration 
unknown 

RedactedPFAS 20.98 ng/mlFemale adult, 
age unknown

1

Blue mountains resident, for 10 years in 
his youth until 2004

Nil providedPFAS 11.54 ng/mlMale adult, 
age unknown

2

Blue Mountains resident, duration 
unknown

RedactedPFAS 14 ng/mlMale adult, 
age unknown

3

Blue Mountains resident, duration 
unknown

Nil providedPFOS 19 ng/ml
PFHxS 11 ng/ml
PFOA 2 ng/ml
Total PFAS 32 ng/ml

Female adult, 
age unknown 
(redacted)

4

Blue Mountains resident, duration 
unknown

Nil providedPFOS 11 ng/ml
PFHxS 30 ng/ml
PFOA 2 ng/ml
Total PFAS 43 ng/ml

Female adult, 
age unknown 
(redacted)

5

Blue Mountains resident, 30 yearsRedactedPFOS 11.62 ng/ml
PFHxS 7.03ng/ml
PFOA 1.45 ng/ml
PFNA 0.52 ng/ml
PFDA 0.36 ng/ml 
Total PFAS 20.98 ng/ml

Female adult, 
age unknown

Potential duplicate of 
Case 1

6

Blue Mountains resident, 32 yearsRedactedPFOS 46 ng/ml  
PFHxS 8 ng/ml  
PFOA 2 ng/ml
Total PFAS 56 ng/ml

Male adult, 
age unknown7

CONFIDENTIAL
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In 2021, ANU PFAS Blood Serum Study reported serum PFAS levels of people who have lived or 
worked in communities in Katherine, Oakey and Williamtown near Defence sites (n= 2,587). 

• They measured 9 types of PFAS over 2016-2019.

• PFOS, PFHxS and PFOA were detected in more than 80% of all blood samples.

• The average (geometric mean) PFAS levels in exposed communities were higher than control
group.

• The concentrations were reported as comparable to those reported in the USA but lower than in an
exposed community in Sweden.

• Geometric means were higher in older participants and generally lower in women – consistent with
Australian and US biomonitoring data

• Note: 7% participation from current residents in affected areas and 3% participation in the
comparison communities
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Serum PFAS levels in Australia
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• Geometric mean levels in blood ranged from:

NSW Health 31

Serum PFAS levels in Australia – ANU Study

Comparison 
communities
geometric mean range

Maximum serum 
concentration

75% serum 
concentration

Study population 
geometric mean range

Type

2.5 to 3.3 ng/mL 447.0 ng/mL≤ 8.3 ng/mL 4.9 to 6.6 ng/mL PFOS

0.7 to 1.2 ng/mL523.0 ng/mL≤ 6.4 ng/mL 2.9 to 3.7 ng/mL PFHxS

1.2 to 1.4 ng/mL6.1 ng/mL≤ 2.3 ng/mL 1.3 to 1.8 ng/mLPFOA

Source: Smurthwaite K, Lazarevic N, Bräunig J, Mueller J, Nilsson S, D’Este C, Lucas R, Armstrong A, Lal A, Trevenar S, Law HD, 
Gad I, Hosking R, Joshy A, Clements A, Lane J, Batterham P, Banwell C, Miller A, Randall D, Korda R, Kirk M. PFAS Health Study 
Component two: Blood serum study of PFAS exposure, related risk factors and biochemical markers of health. Canberra (AU): The
Australian National University; 2021 Dec.

• Evidence of higher PFOS and PFHxS reflects the composition of the firefighting foams historically
used at those sites.

• The study linked bore water ingestion and local produce consumption with a higher likelihood of
elevated serum PFAS concentrations. However, residents did change their behaviours when they
became aware of the contamination – thus changing their risk of PFAS exposure.
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Relative to biochemical markers for health, the study showed associations with elevated serum PFAS 
and:

• Elevated cholesterol in Williamtown (but differences in mean lipid concentrations were small)

• Elevated uric acid in Williamtown and Katherine. Strongest effect for PFOA (but differences were
small)

• No clear association with markers of  thyroid and liver function

NSW Health 32

Serum PFAS associations ANU study
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• The US Centre for Disease Control and
Prevention (CDC) undertook a nationally
representative National Health and Nutrition
Examination Survey (NHANES).

• Period of study from 1999-2018

• Participants are aged 12 years and older and
serum concentrations are measured for PFOA,
PFOS, PFHxS, PFNA.

• PFOS and PFOA production has declined
since 2002, resulting in the declining blood
levels

• As of 2020, four or more PFAS chemicals were
detectable in over 96% of the US population.
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Serum PFAS levels in USA

Source: Agency for Toxicological Substances and Disease Registry, 2024. Fast Facts: PFAS in the US
population. Retrieved from https://www.atsdr.cdc.gov/pfas/data-research/facts-stats/index.html

Blood levels of the most common PFAS

Decline in PFOS and 
PFOA production
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Serum PFAS levels in USA

The NHANES also measured PFAS 
levels for specific groups including:

• Workers at PFAS manufacturers

• Communities with contaminated
drinking water

• The general US population

PFOS levels for various populations

Source: Agency for Toxicological Substances and Disease Registry, 2024. Fast Facts: PFAS in the US
population. Retrieved from https://www.atsdr.cdc.gov/pfas/data-research/facts-stats/index.html
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Australian Human Biomonitoring program (HBM) involves biannual cross-sectional collections of 
pooled, de-identified surplus serum samples from routine pathology tests. 

Most recent mean concentrations in the Australian HBM are similar to the US (NHANES) with 
reductions noted over time. 
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Australian Human Biomonitoring for PFAS

Mean concentration in 
NHANES 2017-2018

Mean concentration in 
Australian HBM period 2020-2021

Type

2.1 to 7.1 ng/ml1.9 to 6.8 ng/mlPFOS

0.5 to 1.8 ng/ml0.8 to 2.4 ng/mlPFHxS

0.9 to 1.8 ng/ml1.1 to 1.9 ng/mlPFOA

0.3–0.6 ng/ml0.3–0.4 ng/mlPFNA

Source: Taucare G, Chan G, Nilsson S, Toms LL, Zhang X, Mueller JF, Jolliet O. Temporal trends of per- and 
polyfluoroalkyl substances concentrations: Insights from Australian human biomonitoring 2002-2021 and the U.S. 
NHANES programs 2003-2018. Environ Res. 2024 Dec 1;262(Pt 1):119777. doi: 10.1016/j.envres.2024.119777. 
Epub 2024 Aug 16. PMID: 39155039.
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National Health and Medical Research Council and Environmental Health Standing Committee 
(enHealth) guidance outlines

• Testing blood for PFAS currently of limited value

“a blood test can measure the level of PFAS in a person’s blood. If PFAS are detected, this indicates 
that a person has been exposed to PFAS. However, there is at present insufficient scientific evidence 
for a medical practitioner to be able to tell a person whether their blood level will make them sick, or if 

any current health problems are related to the PFAS levels found in their blood. 

As such, blood tests have no diagnostic or prognostic value. However, given the long biological half-
life of PFAS, investigations such as frequently blood monitoring of an individual is of limited value”.

• Additionally,

“the monitoring of pooled community blood samples over time can help determine the success of
exposure reduction measures”. 
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Advice on blood testing for PFAS in Australia

Source: Environmental Health Standing Committee (enHealth) (2024). enHealth guidance statement –
Per- and polyfluoroalkyl Substances (PFAS) Retrieved from 
https://www.health.gov.au/sites/default/files/2024-02/enhealth-guidance-statement-per--and-
polyfluoroalkyl-substances-pfas.pdf
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The US Agency for Toxicological Substances and Diseases Registry provides guidance on evaluating and 
managing PFAS exposure. It does not set specific health-based screening levels for PFAS

“In deciding whether to order PFAS testing, clinicians can consider

– An individual’s exposure history

– Results of PFAS testing from patient’s water supply, food sources and other exposure routes; and

– Whether results can inform exposure reduction and health promotion”

PFAS blood testing results do not provide information for treatment or predict future health problems.

Patients and clinicians can discuss the potential risks and benefits of using PFAS blood testing results to 
guide clinical management. Considerations include factors unique to the patient, including the patient's risk 
for disease; whether health screening beyond the usual standards of care is appropriate; and the potential 
for unnecessary further testing and treatment related to false positives from additional screening tests.”

• ATDSR makes reference to the National Academies of Science, Engineering and Medicine
recommendations on PFAS levels and health screenings for consideration.
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Other sources of advice on blood testing for PFAS 

Source: Agency for Toxicological Substances and Disease Registry, 2024. Clinical Evaluation and 
Management: PFAS Information for Clinicians – 2024. Retrieved from 
https://www.atsdr.cdc.gov/pfas/hcp/clinical-overview/clinical-evaluation-management.html
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• This specific guidance has been referenced by the community, members of parliament and the
ATSDR.

• The National Academies of Sciences, Engineering, and Medicine (NASEM) is a private, nonprofit
organisation from the United States that provides independent advice to inform policy.

• Provides health-based screening advice based on a single combined total PFAS including:

– PFHxS, PFOA (linear and branched), PFOS (linear and branched), PFDA, PFUmDA, MeFOSAA, and PFNA.

• Also considers German Human Biomonitoring Commission thresholds for PFOA at 10ng/mL and for
PFOS at 20ng/mL for the general population. These levels are lower for women of childbearing
age.

• For comparison, ToxConsult (2014, 2016) derived human serum no observed effect levels for
PFOS at 2mg/L. This is significantly higher than NASEM
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National Academies of Science, Engineering and 
Medicine recommendations

Source: National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Division on Earth and Life 
Studies; Board on Population Health and Public Health Practice; Board on Environmental Studies and Toxicology; Committee on 
the Guidance on PFAS Testing and Health Outcomes. Guidance on PFAS Exposure, Testing, and Clinical Follow-Up. Washington 
(DC): National Academies Press (US); 2022 Jul 28. PMID: 35939564.
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National Academies of Science, Engineering and 
Medicine recommendations
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National Academies of Science, Engineering and 
Medicine recommendations
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National Academies of Science, Engineering and 
Medicine recommendations
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Discussion on role of epidemiological 
studies

NSW Health
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Expert Panel Program – Next steps

NSW Health
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Further panel meetings planned on the calendar for:

• Friday 2 May 2025 1:00pm- 3:00pm

• Wednesday 4 June 2025 10:00am-12:00pm
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Expert panel program – Next steps
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Consensus on outcomes and close of 
business

NSW Health
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