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NSW Health engaged Environmental Risk Sciences (EnRiskS) to prepare technical advice across key 
areas of interest for consideration by the NSW Health Expert Advisory Panel on PFAS. The key 
messages from EnRiskS have been collated here. The detailed analysis and summaries, including 
references, are available in Appendix 1-5.  

PFAS Mechanism of Action (Appendix 1)  

The group of international collaborators that formed as part of the ARA reviewed information in relation 
to the mechanism of action (MoA) of Perfluorooctanoic acid (PFOA) and Perfluorooctanesulfonic acid 
(PFOS). The groups found a consensus on the following: 

◼ PFOA 

o several MoAs could be envisioned but not enough evidence exists to establish any one of 

these MoAs with certainty 

o the available evidence suggests that the most likely MoA for PFOA involves fatty acid 

mimicry 

o certain effects appear to be irrelevant for the determination of a safe dose in the absence 

of MoA information relevant to humans, specifically differences in cholesterol and vaccine 

response 

o studying inflection points or perhaps hormesis might help resolve why there is a 100,000-

fold difference in the PFOA safe dose internationally 

◼ PFOS 

o MoAs at environmentally relevant exposures of PFOS could not be identified with 

reasonable certainty 

o disruption of hepatic processing of lipids, including cholesterol, is a MoA for PFOS at high 

exposure levels in laboratory rats, mice and monkeys 

o due to species-specific differences, rats and mice are inherently more sensitive to the 

hepatic effects of PFOS than are guinea pigs, monkeys and presumably humans.  

 

Epidemiology of health outcomes (Appendix 2) 

The key takeaways regarding the role of epidemiological studies for health outcomes in affected 
communities, with a focus on endocrine, oncology and cholesterol effects are: 

◼ interpreting epidemiology data can be challenging and inconclusive due to the presence of many 

confounding factors (e.g. smoking, poor diet), bias, effects of chance, exposure to a PFAS 

mixture (not just PFOS or PFOA), inability to generate a clearly defined dose-response 

relationship, and PFAS serum concentrations are often reported to not be significantly different 

from background 
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◼ PFAS have been detected in the serum of workers, communities living near PFAS manufacturing 

facilities, and the general population. PFAS concentrations in occupationally exposed workers 

are 100 to 1,000-fold higher than those in the general populations 

◼ The biological significance of some of the observed effects in humans has been questioned i.e. 

just because an effect is observed it does not mean it is, or will lead to, an adverse effect. The 

observed effects need to be biologically relevant for humans  

◼ Immune effects: 

o European Food Safety Authority (EFSA) and United States Environmental Protection 

Agency (USEPA) have relied on epidemiological studies that show associations between 

PFOS and PFOA and immunosuppression, measured as a reduced response to 

vaccination as critical endpoints for establishing toxicity reference values 

o The epidemiological studies relied upon by EFSA and USEPA have numerous issues, 

including lack of dose-response and no consideration of any clinical relevance. 

o The issues with these studies and reviews conducted by Food Standards Australia New 

Zealand (FSANZ) in relation to immune effects conclude that while epidemiological 

studies provide some evidence of statistical associations between PFAS blood levels and 

impaired vaccine response, increased susceptibility to infectious disease and 

hypersensitivity responses, the data are insufficient to establish causal relationships and it 

cannot be ruled out with reasonable confidence that the observed statistical associations 

may have been due to confounding, bias or chance. 

◼ Cholesterol:  

o most regulatory agencies identified sufficient evidence to support an association between 

PFOS and PFOA exposure, and elevated blood cholesterol, low-density lipoprotein (LDL) 

and triglycerides. However, insufficient data are available to associate this change to a 

biologically relevant outcome e.g., cardiovascular disease 

o the actual toxic mechanisms for these effects in humans have not been determined 

o due to data limitations and other confounding factors, it was concluded by all regulatory 

agencies that the cholesterol human data are unsuitable for use in establishing PFAS 

health-based guidelines 

◼ Endocrine effects: 

o the thyroid, reproductive hormones and prevalence of diabetes are the most commonly 

evaluated aspect of the endocrine system 

o although some associations between serum PFAS and thyroid stimulating hormone 

(TSH), triiodothyronine (T3) and thyroxine (T4) levels or thyroid disease have been found, 

the results are not consistent across studies and a larger number of studies have not 

found associations 

◼ Oncology effects: 

o some regulatory agencies (including EFSA, FSANZ and WHO) consider that there are 

insufficient epidemiological data to support carcinogenicity of PFOS and PFOA in humans 

o IARC concluded that the epidemiological data are conflicting and too few to allow an 

evaluation of the evidence on PFOA and PFOS exposure and risk of all cancers 

combined 

o USEPA classified PFOA as ‘likely to be carcinogenic’ based on the evidence of kidney 

and testicular cancer in humans. PFOS was classified as ‘likely to be carcinogenic’ 

because based on adequate evidence to demonstrate carcinogenic potential to humans. 

◼ In general, 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 
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elucidate potential modes of action for effects reported in epidemiological studies in order to 

support any reliable assessment of causality. 

Carcinogenicity (Appendix 3) 

In relation to carcinogenicity, the following is a summary of the key outcomes of this review: 
◼ International Agency for Research on Cancer (IARC) (IARC 2025) provides the most recent 

detailed review of carcinogenicity in relation to PFOA and PFOA 

◼ IARC only assesses cancer hazard, with no consideration of exposure, and IARC does not 

establish quantitative toxicity reference values for assessing carcinogenic effects 

◼ Neither PFOS or PFOA was identified as genotoxic 

◼ The rationale adopted for classification for PFOA as a Group 1 carcinogen is based on the 

following: 

o Limited evidence in people – positive association for renal cell carcinoma and cancer of 

the testis 

o Sufficient evidence in experimental animals 

o Strong evidence for key characteristics in people, human primary cells and in animal 

studies.  

◼ The rationale adopted for classification for PFOS as a Group 2B carcinogen is based on the 

following: 

o Inadequate evidence in people 

o Limited evidence in experimental animals 

o Strong evidence for key characteristics in people, human primary cells and in animal 

studies. 

◼ For the evaluation of both PFOS and PFOA, the outcome of the key characteristics assessment 

was used as a key decision driver for the classification and hence is a key part of the IARC 

assessment that requires consideration. 

◼ A review of the approach using the key characteristics has been undertaken specifically in 

relation to PFOS and PFOA (Drury, Prueitt & Beck 2024). This identified a range of issues and 

concludes that predicting cancer hazard based on key characteristics (individually or combined) 

is no better than chance (Becker et al. 2017) 

◼ The USEPA (USEPA 2024b, 2024a) utilised a number of studies (also evaluated by IARC) to 

derived quantitative toxicity reference values, which were slope factors (noting the USEPA 

adopts a non-threshold approach for all carcinogens regardless of whether the chemical is 

genotoxic – an approach inconsistent with that adopted in Australia). The slope factors derived 

are very high and warrant further evaluation as to their plausibility. 

◼ The key animal studies relied by IARC and USEPA on for assessing carcinogenic outcomes from 

exposure to PFOA and PFOS have not adequately addressed whether the 

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 peroxisome proliferator-activated receptor α (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 that these types of tumours are relevant for 

people. 

◼ In relation to the studies in people for PFOA, there are some fundamental issues with the 

appropriateness of the study designs. In Shearer et al. 2021, the controls had essentially the 

same serum PFOA concentrations as the cases so it is unclear how it can be determined that 

kidney cancer rates were increased due to exposure to PFOA. This is supported in both Shearer 
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et al. 2021 and Vieira et al. 2013 as the incidence of kidney cancer in the study populations were 

quite similar to the normal rate for kidney cancer in the US population. Another aspect providing 

support is the fact that PFOA serum concentrations have been decreasing significantly over the 

last 20 years but the incidence of kidney cancer is continuing to increase.   

Consensus on health effects (Appendix 4)  

While there is some general consensus on the health effects of exposure to PFAS (specifically PFOS 
and PFOA) the critical effects and studies relevant to establish quantitative toxicity reference values vary 
significantly. 
Australian reviews conducted to date have concluded the epidemiological data is not sufficiently robust 
to establish quantitative values. This is in contrast to EFSA and USEPA that have both considered the 
most sensitive endpoint for both PFOS and PFOAS as immunosuppression, relying on epidemiological 
studies to establish guidelines. 
The animal studies support the following health effects: 

◼ developmental and reproductive effects (commonly identified as a critical endpoint) 

◼ immune effects (noting that some reviews have not considered the animal data to be sufficiently 

robust to establish a guideline) 

◼ hepatic effects (noting that not all effects reported are considered to be adverse – and not all 

evaluations have considered what is adverse) 

◼ carcinogenicity (noting this is the critical effect considered in the National Health and Medical 

Research Council (NHMRC) draft evaluation (2024) however the relevance of such effects does 

require further consideration in relation to relevance to humans – refer to cancer discussion 

paper) 

◼ haematologic effects (only considered to be a critical effect for PFOS in draft NHMRC evaluation 

(and not other agencies) and clinical relevance is not established). 

Clinical utility of blood testing in communities with PFAS exposure (Appendix 5) 

◼ There are two approaches for interpreting biomonitoring data (e.g. PFAS blood concentrations): 

reference-based (compares data to a reference population and is not based on potential health 

outcomes) and risk-based (compares data to levels associated with potential health effects) 

◼ the available studies indicate that there is a clear relationship between PFAS exposure and 

elevated blood PFAS concentrations in humans 

◼ PFAS blood concentrations (PFOS, PFOA and PFHxS) have been declining since 2002/03 

based on Australian and US data 

◼ Australian National University (ANU) (2018) investigated 148 health outcomes and only reported 

sufficient evidence of an association between PFOS and PFOA exposure and elevated blood 

cholesterol. However, the increases are likely to be low and have limited effects on health. 

Therefore, it is not likely to be clinically relevant 

◼ ANU (2021) reported little association between PFAS and biochemical markers of disease. 

However, associations with elevated total cholesterol and/or uric acid were reported for some 

communities 

◼ there is inconsistency in the available reviews of epidemiological studies in relation to 

associations between blood PFAS and health outcomes (reported as associated health outcomes 

from ANU (2018) and National Academies of Sciences, Engineering, and Medicine (NASEM) 

(2022) summarised in Table 1) 

◼ the health outcomes that have been reported (sufficient evidence and/or limited evidence) are all 

common in the general population and have multiple risk factors 

◼ ANU (2018) reported that the association with elevated blood uric acid concentration could be 

due to reverse causation, whereby people with poor kidney function caused by something else 
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are unable to remove PFAS via their kidneys which is one of the main ways people can excrete 

PFAS (this may also be relevant to all kidney related health outcomes listed in Table 1) 

◼ NASEM (2022) presents cut-off levels for clinical guidance in relation to PFAS blood 

concentrations. These are based on values derived by the German Human Biomonitoring 

Committee (HBM) that were derived for PFOS and PFOA based on epidemiology studies. The 

key cut-off for blood concentrations are 2 ng/mL and 20 ng/mL, which NASEM (2022) has applied 

to the additive sum of seven PFAS 

◼ EFSA (2020) present a tolerable weekly intake for the sum of four PFAS (PFOS, PFOA, PFHxS 

and PFNA) of 4.4 ng/kg body weight per week, which is based on a blood serum concentration of 

17.5 ng/mL. This serum concentration was from an epidemiological study showing an inverse 

association between PFAS serum levels in one year olds and antibody titres against diphtheria 

◼ the quality of epidemiological studies to establish thresholds as undertaken by NASEM (2022) 

and EFSA (2020) is unclear – refer to the summary of epidemiological studies 

◼ ToxConsult (2014) and ToxConsult (2016) derived human serum no observed effect levels 

(NOELs) for PFOS. In both studies the adopted serum NOEL was 2 mg/L, (calculated using a 

range of approaches). This value is significantly higher than adopted by NASEM (2022) and 

EFSA (2020) 

◼ Clewell (2024) concluded that there was no mode of action information or mechanistic data to 

support epidemiological associations of blood concentrations of PFOA as low as 10 ng/mL with 

health effects and that these reported associations may be due to reverse causality or 

pharmacokinetic confounding. Effects based on animal studies are significantly higher. 

Table 1: Summary of identified associations between PFAS blood concentrations and health outcomes 
from epidemiological studies (based on ANU 2018 and NASEM 2022) 

ANU (2018) NASEM (2022) 
Sufficient evidence of 

association 
Limited evidence of 

association 
Sufficient evidence of 

association 
Limited evidence of 

association 

Elevated blood cholesterol High blood uric acid 
concentration 

Impaired glomerular filtration 
rate 

Chronic kidney disease 

Kidney cancer 

Testicular cancer 

Impacts on vaccine derived 
immunity for diphtheria and 
rubella 

 

Decreased antibody response  

Dyslipidaemia (abnormal 
levels of lipids in the 
bloodstream) 

Decreased infant and foetal 
growth 

Increased risk of kidney 
cancer 

Increased risk of breast 
cancer 

Liver enzyme alterations 

Increased risk of pregnancy-
induced hypertension 

Increased risk of testicular 
cancer 

Thyroid disease and 
dysfunction 

Increased risk of ulcerative 
colitis 

 


