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1 Background

Environmental Risk Sciences Pty Ltd (enRiskS) has been engaged by NSW Health to prepare
technical advice for consideration by the NSW Health PFAS Technical Advisory Panel.

This document provides a summary of the available information regarding the current scientific
information and evidence in relation to the potential for exposure to PFAS to result in adverse
neurological effects.

A separate paper was prepared that provided a summary of the consensus on PFAS health effects
and key animal studies that were used for derivation of health based guideline values by Australian
(Food Standards Australia New Zealand (FSANZ) and Nation Health and Medical Research
Committee (NHMRC)) and international agencies (for example, European Food Safety Agency
(EFSA), Agency for Toxic Substances and Disease Registry (ATSDR) and United States
Environmental Protection Agency (USEPA)).

2 Key takeaways

The available studies provide mixed and limited evidence of neurological effects following exposure
to PFAS. The epidemiological data does not support a probable link between exposure to PFOA
(and PFOS) and adverse neurological effects. The available animal studies also provide limited
evidence, with some rodent studies identifying some neurotoxic/developmental neurotoxic effects.
These effects have been considered in the development of the TDI in Australia and are not the most
sensitive effect for establishing guidelines.

More recent studies have provided evidence of PFAS crossing blood brain barrier in humans.
Mechanisms for neurotoxicity are suggested and are evaluated. While potential neurotoxic
outcomes are suggested based on direct and indirect mechanisms, the studies do not provide
additional evidence of adverse effects.

3 C8 Science Panel

The C8 Science Panel comprised three epidemiologists charged with assessing potential health
effects in a highly exposed population to PFOA in the Mid-Ohio Valley. This is a population exposed
from releases of PFOA from the Washington Works plant in Parkersburg, West Virginia.
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The panel concluded in 2012 that there was no probable link between PFOA exposure and
neurodevelopmental disorders in children, including attention deficit disorders and learning
disabilities *.

Further review of the science following completion of the C8 Science Panel, by the epidemiologists
involved in the C8 Science Panel (Steenland et al. 2020). This review considered a numerous
epidemiological studies relating to neurotoxicity. Review of these studies were considered to
support that there is no consistent evidence of an association between prenatal and/or early
childhood PFOA exposure and neurobehavioral development. In addition, the review concluded that
a relatively large number of studies examining PFOA and neurotoxicity provide no consistent
evidence of increased risk.

4 Australia

The review conducted by FSANZ included a number of animal studies where neurotoxicity or
developmental neurotoxicity was evaluated. Many of these studies did not find any adverse
neurological outcomes. Two studies were identified in relation to PFOS and neurological effects
(impaired learning and memory) in mice (Long et al. 2013) and neurodevelopmental effects
(decreased habituation) in rats (Butenhoff et al. 2009). These studies and the NOAELs established
were included in the range of studies and endpoints relevant to establish a TDI. These effects were
not the most significant effects for establishing the TDI.

5 EFSA

The EFSA (EFSA Panel on Contaminants in the Food Chain et al. 2020) review indicates the
following in relation to neurological effects:

PFOS and PFOA were found to result in developmental neurotoxic effects in rodents. It is
noted, however that PFOS exposure mostly decreased spontaneous activity, while PFOA
increased it. Rodent studies with PFDA, PFHXs and PFDoDA also indicate developmental
neurotoxic effects.

Epidemiological studies provide insufficient evidence for associations between exposure to
PFAS and neurodevelopment outcome; neurobehavioral, neuropsychiatric or cognitive
outcomes. Several studies found inverse associations (‘protective effect’).

6 US

ATSDR (ATSDR 2021) considered a range of studies that included potential neurological outcomes.
They concluded that there are limited data available to support such outcomes. The epidemiological
studies found decreases in the risk of memory loss associated with serum PFOA, PFOS, PFHxXS,
and PENA.

1 http://www.c8sciencepanel.org/pdfs/Probable Link C8 Neurodevelopment 30Jul2012.pdf
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The available epidemiological data do not suggest associations between perfluoroalkyls and 1Q or
scholastic achievement for PFOA, PFOS, PFHxS, PFNA, PFDA,

PFUnNA, or PFDoDA. Similarly, no associations were found between PFOA, PFOS, PFHXS, PFNA,
or PFDA and increased risk of attention-deficit/hyperactivity disorder (ADHD); several studies found
a decreased risk of ADHD.

7 USEPA

The USEPA reviews (USEPA 2024a, 2024b) included appendices that provided details of the
literatures reviews undertaken to support the assessment.

The literature reviews included papers related to neurological health outcomes from population
epidemiological studies and animal studies.

The USEPA identified 36 epidemiological and 16 animal studies that investigated the association
between PFOS and nervous effects; and 38 epidemiological and 11 animal studies that investigated
the association between PFOA and nervous effects.

The review conducted by the USEPA concluded the following:

epidemiological studies suggested that there is slight evidence of an association between
PFOS or PFOA and nervous system effects in humans based on the mostly mixed results.
Outcomes investigated include depression, memory impairment, hearing impairment, autism
spectrum disorder (ASD), and intellectual disability (ID)

the epidemiological studies provide limited indication of adverse effects of PFOS or PFOA
on neurodevelopment or neuropsychological outcomes, cognitive development, and
executive function in human populations. No adverse effects were observed for PFOS or
PFOA and depression or memory impairment

the studies provide limited indication of adverse effects of PFOS or PFOA on behavioural
problems, ADHD, ASD, and ID

the animal evidence for an association between PFOS and neurological effects is
considered by the USEPA to be moderate.

There are several medium confidence studies available where changes in neurobehavioral
effects were observed. Of the studies available in animal models, no effects were noted for
brain weight with limited changes observed for histopathology. Some neurobehavioral
effects were observed but these results and the methods used to quantify them were
relatively inconsistent. Alterations in neurotransmitter levels and synaptic transmission and
plasticity were also observed, though it is often unclear what magnitude of change in
neurotransmitters levels can be considered adverse. One study observed dose-dependent
effects of PFOS in both the object recognition memory test and object location recognition
memory test, as well as dose-dependent effects of PFOS across 9 days of a visual
discrimination task.

the animal evidence for an association between PFOA exposure and neurological effects in
animals is considered by the USEPA to be slight. In some studies, changes in brain weight
were observed, however these changes were not associated with histopathological effects.
Effects observed in other studies are difficult to interpret or lack biological significance.
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Overall, the USEPA concludes that the evidence suggests that PFOS or PFOA exposure has the
potential to cause nervous system effects in humans under relevant exposure circumstances. Such
circumstances are not defined and the studies used to make this decision are mixed with few
providing support to this outcome.

8 Additional studies

In addition to the summaries provided above, the following are of note:

Xie et al (Xie et al. 2024) showed that PFAS have been found to cross the blood-brain
barrier and accumulate in the human brain. The results indicated that low molecular weight
PFAS, including short-chain and emerging PFAS, may have a greater potential for
accumulation in brain tissue than long-chain PFAS. While the study suggests an association
between FOSA and the development and progression of glioma, no causation has been
found.

Suzuki et al (Suzuki et al. 2025) provided further evidence of the presence of PFAS in
human brain tissue and investigated the presence and concentrations of PFAS in the human
brain and serum, and provided estimates of brain-to-serum concentration ratios for a broad
range of PFAS. The relative concentrations of PFAS in the brain, compared with those in the
serum, increase with the number of carbons for PFCAs and PFSAs., and assess the
potential influence of residual blood on the measurement of PFAS in brain tissues.

The presence of PFAS in the brain is suggested to be a risk for neurotoxicity and a number
of published studies make statements of emerging evidence suggestive of a potential link
between PFAS exposure and neurotoxic effects (Bharal et al. 2024; Brown-Leung & Cannon
2022; Starnes et al. 2022). Direct and in-direct mechanisms of neurotoxicity have been
suggested/evaluated (Bharal et al. 2024; Brown-Leung & Cannon 2022; Starnes et al. 2022),
however these studies have not conducted detailed review of the health evidence to provide
support for conclusions that differ from those summarised above. The reviews do identify the
lack of robust experimental studies evaluating neurobehavioral and molecular mechanisms
of PFAS neurotoxicity.
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