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Re: PFAS Technical Advisory Panel — Agenda Papers — Criteria
or thresholds for PFAS in blood

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 information in relation to the available criteria or
thresholds available for the assessment of PFAS, specifically PFOS and PFOA, in blood.

In particular this review relates to the basis for the very different thresholds established for PFOS
and PFAS in the following:

ToxConsult no effect levels for PFOS and PFOA detailed in:

o ToxConsul (2014) Health impact assessment from consumption of fish from Lake
Fiskville. Appendix G in Cardno (2014) Human Health Risk Assessment — Fiskville
Community: Fiskville Training College 4549 Geelong-Ballan Rd, Fiskville Victoria
(ToxConsult 2014)

o ToxConsult (2016) Toxicity profiles for the perfluorinated compounds PFOS, PFOA,
6:2FTS and 8:2 FTS. Appendix E in AECOM (2016) Off-site Human health Risk
Assessment, July 2016: RAAF Base Williamtowm, Williamtown NSW (ToxConsult
2016).

National Academies of Science clinical guidance and follow-up thresholds adopted for
PFAS, as detailed in the following:

o NASEM (2022) Guidance of PFAS Exposure, Testing, and Clinical Follow-Up.
National Academies Sciences, Engineering and Medicine (National Academies of
Sciences 2022).

Other human biological monitoring values from ECHA and EFSA and occupational
biomonitoring values from Germany.

This paper follows on from the previous paper that provided a summary of blood testing in
communities with PFAS exposure, which included an overview of the above documents.

Adopting a threshold for determining actions or advice in relation to PFAS in blood relies on being
able to determine levels at which adverse effects occur and are caused by exposure to PFAS. This
is a risk-based approach.
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2 Key takeaways

As with the derivation of a TDI for PFAS (specifically PFOS and PFOA) there is a significant
difference between serum thresholds or serum no observed effect levels (NOEL) established
on the basis of outcomes from animal studies and general population epidemiological
studies.
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. These values are similar to others
derived in Europe by EFSA and ECHA, are based on associations identified in
epidemiological studies. The evaluations undertaken to establish these levels have not
considered mechanism of action, quality of the studies, causation, whether the effects are
adverse, bias and confounding.
Current reviews in Australia, supported by recent detailed reviews (Clewell 2024) have
determined that epidemiological studies are not suitable or sufficiently for establishing
guidelines, including guidelines based on serum levels. Using serum NOELSs from
epidemiological studies is inconsistent with current science and approaches to establishing
guidelines for PFAS in Australia, where data from animal studies is of key importance and
relevance.
Where data from animal studies is considered, human equivalent NOELs have been
established for PFOS and PFOA by ToxConsult (2014 and 2016) for reviewing serum
concentrations in Australian studies and ECHA (2015) (for PFOA). The approaches adopted
in these evaluations is consistent with that adopted in establishing the TDI used in Australia.
Human serum NOELSs established following review of occupational data and animal data,
consistent with the approach adopted in Australia for establishing a TDI are as follows:
o PFOS (ToxConsult 2016)
= 700 pg/L (or 0.7 mg/L) for children and women of child-bearing age
= 2,000 ug/L (or 2 mg/L) for other adults.
o PFOA (ToxConsult 2016 and ECHA 2015)
= 200 ug/L (or 0.2 mg/L) for all members of the public (ECHA value, adopting
different uncertainty factors as ToxConsult for the values below)

= 800 ug/L (or 0.8 mg/L) for children and women of child-bearing age

= 2,400 ug/L (or 2.4 mg/L) for other adults.
Occupational biomonitoring values (BAT) from Germany are also based on review of
occupational studies with data from animal studies used. The BAT values for PFOS (15,000
pg/L or 15 mg/L) and PFOA (5,000 pg/L or 5 mg/L) are higher than the general population
values above.
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3 National Academies of Science Engineering and Medicine: Guidance
on PFAS Exposure, Testing and Clinical Follow-Up (NASEM 2022)

The National Academies of Science Engineering and Medicine (NASEM) has released a document
with guidance on PFAS exposure, testing and clinical follow-up (NASEM 2022). This document was
prepared by a committee that was formed to advise on PFAS testing and clinical care for patients
exposed to PFAS. In terms of clinical follow-up in relation to serum PFAS concentrations, the
recommendations made by NASEM (2022) are shown in Figure 1.

The term ‘PFAS concentration’ refers to the additive sum of MeFOSA, PFHxS, PFOA, PFDA,
PFUNDA, PFOS and PFNA in serum or plasma. Note that the inclusion of the sum of these PFAS is
based on this list being the PFAS that NHANES measures — the list is not related to risk.

A >20 (ng/mL) PFAS*

Encourage PFAS exposure reduction if a source of exposure is identified, espe-
cially for pregnant persons.

In addition fo the usual standard of care, clinicians should:

* Priorifize screening for dyslipidemia with a lipid panel (for patients over
age 2) following American Academy of Pediatrics (AAP) recommendations
for high-risk children and American Heart Association (AHA) guidance for
high-risk adults.

* At all well visits:

* Conduct thyroid function testing (for patients over age 18} with
serum thyroid stimulating hormone (TSH),

* Assess for signs and symptoms of kidney cancer (for potients over
age 45), including with urinalysis, and

* For patients over age 15, assess for signs and symptoms of testicu-
lar cancer and ulcerative colifis.

2-<20 (ng/mL) PFAS*

Encourage PFAS exposure reduction if a source has been identified, especially
for pregnant persons.

3.

Within the usual standard of care clinicians should:

and 11 years of age, and once every 4 to 6 years over age 20) os recom-
mended by the AAP and AHA.

« Screen for hypertensive disorders of pregnancy at all prenatal visits per the
American College of Obstetricians and Gynecologists (ACOG).

* Screen for breast cancer based on dlinical practice guidelines based on

age and other risk factors such as those recommended by U.S. Preventive
Services Task Force (USPSTF).

> * Prioritize screening for dyslipidemia with a lipid panel {once between 9

Provide usual standard of care

* Simple additive sum of MeFOSAA, PFHxS, PFOA (linear and branched isomers), PFDA, PFUnDA, PFOS
{linear and branched isomers), and PFNA in serum or plasma

Figure 1: Clinical guidance and follow-up with patients after PFAS testing (sourced from NASEM 2022)

Based on the recommendations in NASEM (2022), the key cut-off points for interpretation of PFAS
serum concentrations are 2 ng/mL and 20 ng/mL (Figure 1).

The key cut-off PFAS serum concentrations recommended by NASEM (2022) were based on levels
developed by the German Human Biomonitoring (HBM) Commission (see Section 4).
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4 European HBM values

Health Canada (Health Canada 2025)provides a summary table that compares human biological
monitoring values that have been derived by European authorities, specifically ECHA, EFSA and
the German HBM values. This table is reproduced as Table 1 and includes some additional
commentary in relation to the key studies adopted for establishing the values.
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Table 1: Summary of health-based biomonitoring (blood) guideline or threshold values for PFAS
(modified from Health Canada 2025)

PFAS Critical endpoint Critical dose HBM Comments
and study where level (in serum/ guidance
relevant plasma) value (ug/L)
EFSA (EFSA Panel on Contaminants in the Food Chain (CONTAM Panel) et al. 2020)
Sum of PFOA, Decreased antibody BMDL1o =17.5 pg/L | Reference Epidemiological studies
PFNA, PFHXS, titres for diphtheria of 1- | (serum serum level = associated with decreased
and PFOS year-old infants concentration 17.5 (children)?a immune response considered
(Abraham et al. 2020 infants) used by confounded and not suitable
as cited in EFSA 2020) | EFSA to derive TWI for use in establishing
Sum of PFOA, Decreased antibody BMDL1o =17.5 pg/L | Reference thresholds or guidelines
PFENA, PFHXS, titres for diphtheria of 1- | (serum serum level = (consistent with current
and PFOS year-old infants concentration 6.9 (women of evidence and reviews from
(Abraham et al. 2020 infants) used by reproductive Australian authorities)
as cited in EFSA 2020) | EFSA to derive age)2P

reference serum
level in women of
reproductive age

German HBM values (Hdlzer, Lilienthal & Sch

Umann 2021; Schimann, Lilienthal & Hoélzer 2021; Umwelt Bundesamt

2023)

PFOS Based on weight of 1to 15 ug/L plasma | HBM-I =5 HBM values based

PFOA evidence from 1to 10 pg/L plasma | HBM-I = 2 epidemiological studies, for
epidemiology data for (for HBM-I) health outcomes with an
associations with: association with exposure to
fertility and pregnancy, PFAS. No assessment of
birth weight, lipid study quality, confounding,
metabolism, immune dose-response, whether
response following effects are defined as adverse,
vaccination, hormonal causation or even reverse-
development, thyroid causation was undertaken.
metabolism and onset
of menopause. The use of epi studies in

establishing guidelines is not
The paper indicates appropriate. Establishing a
that animal data was point of departure from epi
also considered studies for a no effect level is
however it appears it complicated and difficult.
was only to support the Exceedance of these values
plausibility of should not be interpreted as
associations observed increasing risk but may
(Holzer, Lilienthal & warrant efforts to reduce
Schimann 2021) exposure.

PFOS Based on weight of 1to 30 pg/L plasma | HBM-Il =10 The underlying review notes
evidence from (women of that the modes of action
epidemiology data and childbearing relevant to the associations
animal data in relation age) observed is not sufficiently well

PFOS to developmental 1to 30 pg/L plasma | HBM-II = 20 (all | understood. It notes that the
effects, reduced birth other population | values are primarily based on
weight, reduced fertility, groups) population risks with

PFOA immune system/ 3to 10 pg/L plasma | HBM-Il =5 extrapolation from the epi
reduced vaccine (for HBM-II) (women of studies to populations. The
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PFAS Critical endpoint Critical dose HBM Comments
and study where level (in serum/ guidance
relevant plasma) value (ug/L)
response, increased childbearing authors note that applying
cholesterol, diabetes age) such values to individuals
PFOA (Type 11). 3t0 10 pg/L plasma | HBM-Il =10 (all | cannot be used. Regardless of
other population | such issues the HBM are
groups) applied to individuals.
The value utilises the same
studies used to derive the
HBM-I value and have the
same issues and limitations in
relation to relying on epi
studies related to associations
(refer to comments above).
ECHA (ECHA 2015
PFOA-related Reduced birth weightin | 3.9 pg/L (serum DNELintemal = 0.7 | The ECHA review calculated
substances a human study (Fei et concentration) (general DNEL values from animal and

al. 2009 as cited in
ECHA 2015)

population)®

PFOA-related
substances

Reduced birth weight in
a human study (Fei et
al. 2009 as cited in
ECHA 2015)

3.9 pg/L (serum
concentration)

DNELinterna = 1.3
(workers)?

PFOA-related
substances

Increased total
cholesterol and LDL in
human serum
(Steenland et al. 2009
as cited in ECHA 2015)

13.1 pg/L (serum
concentration)

DNELinternal = 2.2
(general
population)®

PFOA-related
substances

Increased total
cholesterol and LDL in
human serum
(Steenland et al. 2009
as cited in ECHA 2015)

13.1 pg/L (serum
concentration)

DNELinternal = 4.4
(workers)?

epi studies, as follows:

- DNEL values from animal
studies for developmental
effects from studies also
adopted by FSANZ (FSANZ
2017) for establishing TDI
values identified serum values
in the range 209 pg/L to 177
pg/L for the public. The EFSA
review also include another
study which is not considered
to be as robust (as effects may
be due to the sensitive CD-1
strain in mice) and the effects
were not considered to be
adverse (mammary gland
effect did not result in adverse
effects on lactation based on
normal growth and survival).

- DNEL values from epi
studies, with the lower values
from the studies adopted (as
noted in this table). Issues with
using epi studies for
establishing guidelines also
need to be considered for the
suitability of these values.

Notes:

LOAEL = lowest observed adverse effect level; NOAEL = no observed adverse effect level;

BMD = benchmark dose;

BMDL = 95% lower confidence limit on the BMD; DNELinternal = derived no effects level (internal).

HBM-I = human biomonitoring value 1 which is representative of concentrations below which no observed risk of adverse
health effects is expected.
HBM-II = human biomonitoring value 2 which is a level above which adverse health effects are possible. The HBM review

identified significant uncertainty around the values identified for HBM-II.

a'No additional uncertainty factors (UF) need to be applied, because BMDL1ois based on infants which are expected to be
a sensitive population group, as is true for many immunotoxic chemicals” (EFSA 2020).
b Using a PBPK model, and assuming 12 months of breast feeding, EFSA estimated that the BMDL 1o in infants

corresponds to an intake by the mother of 0.63 ng/kg bw per day for the sum of the 4 PFAS. Such intake would result in a

serum level in the mother of 6.9 pg/L at 35 years of age (EFSA 2020).

¢ Uncertainty factor (UF) = 6 for intra-individual variation
d Uncertainty factor (UF) = 3 for intra-individual variation
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In addition to the comments provided above, the authors of the HBM-II values (Schimann, Lilienthal
& Holzer 2021) state the following in relation to recommendations for action:

“If the HBM-II value is found to be exceeded in the context of first-time measurement of
PFOA or PFOS concentrations in the blood, a control measurement should be carried out at
first. In addition, it is recommended to identify and record possible sources of PFOA/PFOS
exposure of affected individuals.”

“Against the background of multicausality of the health indicators and effects mentioned
above, increased exposure to PFOA/PFOS should be understood as a risk identified from an
epidemiological perspective focusing on the population groups examined. As a rule,
exposure to PFOA/PFOS is just one of numerous risk factors for the health impairments
mentioned, whose interaction can be investigated and evaluated in an environmental health
assessment.”

“Presently, there is no reason to recommend on principle the determination of clinical-
chemical parameters in cases where the HBM-II value is exceeded. No attempts should be
made to accelerate the excretion of PFOA or PFOS compounds because there is insufficient
medical justification, and appropriate methods are missing.”

The HBM values from Europe have relied on the use of epidemiological (general population) studies
of associations to determine thresholds for potential effects for PFOS and PFOA. There are
significant limitations and issues with the use of such studies, and all current reviews in Australia do
not support that the epidemiological studies are sufficiently robust to establish guidelines, either a
TDI or a biomonitoring value in serum. This is further supported by the review conducted by Clewell
(Clewell 2024) where the following was concluded:

there is no mode of action information or mechanistic data to support the reported
epidemiological associations of blood concentrations of PFOA as low as 10 ng/mL with
health effects

it is more likely that the reported associations may be due to reverse causality or
pharmacokinetic confounding.

Hence the values presented in Table 1 are not considered to be robust and would not be consistent
with the approach adopted in Australia for establishing and assessing adverse effects of exposure
to PFOS or PFOA.

The ECHA (2015) evaluation included the derivation of human equivalent serum concentrations that
are based on key animal studies (including key studies identified in the FSANZ review). The serum
concentrations established from these studies is consistent with the approach adopted in Australia
for establishing a TDI and other guidelines. The uncertainty factors adopted in converting from the
study serum concentrations to the human equivalent serum concentrations differ to those adopted in
the ToxConsult reviews. Regardless the lowest human serum NOEL for PFOA from robust animal
studies is around 200 pg/L (rounded value).
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5 Occupational biomonitoring values

Germany has established Biological Tolerance Values (BAT) values for evaluating workplace
exposures (DFG 2024). Table 2 presents a summary of the available values for PFOS and PFOA
and the basis for these values

Table 2: Workplace BAT values for PFAS

PFAS

BAT (ug/L)

Basis

PFOS
(DFG 2015a)

15,000
(15 mglL)

The review considered the available information in mechanism of action,
toxicokinetics and metabolism, and the available animal and human studies. Based
on the review undertaken the animal data was considered the most reliable, with the
data from the monkey study adopted as the critical study, where the following is
noted:

“The NOAEL of the monkey study (Seacat et al. 2002) 2002) is applied to humans
assuming that identical PFOS serum concentrations cause the same concentrations
in the liver and thus the same effects on the liver in humans and monkeys. Although
the relative liver weight was no longer statistically significantly increased in monkeys
at 0.15 mg/kg body weight and day (PFOS at 75 mg/l), it was still 10% higher than in
the control animals. Since the small number of animals used in the monkey study
affects the statistical validity, the next lower dose (0.03 mg/kg body weight and day),
which led to a serum level of about 15 mg/l and a 6% increase in liver weight was
used” to derive the BAT.

A higher value was derived on the basis of the NOAEL for developmental toxicity in
rats.

PFOA
(DFG 2015b,
2015c)

5,000
(5 mg/L)

The review considered the available information in mechanism of action,
toxicokinetics and metabolism. For PFOA the evaluation also considered the
mechanisms of tumour formation and relevance to humans. Blood levels for
occupationally exposed people and the general population were identified.

The available data from humans, specifically clinic-chemical examinations of
occupationally exposed populations, and animals were considered.

Review of former occupational studies (in particular the 3M studies) identified an
absence of pathological findings at 5,000 pg/L serum, which was adopted as a BAT.
The 2006 evaluation identified that for PFOA the critical effect was effects on the liver.
While these effects were not identified in recent occupational studies or money
studies, effects were identified in rat studies. Based on histopathologically detectable
liver hypertrophy in rats (Perkins et al. 2004) (a study also considered as a critical
study by FSANZ) a NOAEL of 1 mg/kg diet was identified. This is equivalent to 7,000
pg/L serum. This serum level was considered in conjunction with data from the
monkey studies (where linear extrapolation was required) and was considered to
represent an increase in relative liver weight of 1%, and was therefore considered a
no adverse effect level in monkeys. As rats and monkeys react at the same serum
concentration of PFAS in relation to liver weights the no effect level of 7,000 pg/L was
assumed to apply to humans. This is higher than the 5,000 ug/L adopted from the
occupational studies.

The occupational BAT values from Germany are based on consideration of data from occupational
studies, however the values rely on and use results from animal studies.
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6 No Effect Level for PFOS established in Australia

ToxConsult conducted a review of PFOS serum concentrations with the aim of identifying an
appropriate NOEL that could be used to inform the results of a health surveillance program
undertaken at the Country Fire Authority (CFA) site in Fiskville, Victoria (ToxConsult 2014). A similar
review of available data was undertaken by ToxConsult to inform a serum NOEL for PFOS was
presented in the Human Health Risk Assessment (HHRA) for RAAF Base Williamtown (ToxConsult
2016).

These reviews identified a serum concentration without adverse effects, or a NOEL based on
several lines of evidence.

Occupational studies

Information from workers who handle or make PFAS have higher serum concentrations than the
general public. Several occupational studies spanning more than a decade are available from three
manufacturing plants in the US and Belgium. The overall size of the occupation cohort evaluated
was 3,500 (noting smaller subgroups were investigated in individual epidemiological studies). Like
many occupational or epidemiological studies, there are limitation with these in relation to study
quality and dealing with bias and confounding.

Potential effects evaluated in workers were informed by information obtained from monkey and
rodent studies and included serum thyroid, cholesterol and lipid changes, mortality, cancer
incidence, liver, cardiovascular and gastrointestinal diseases and pregnancy outcomes.

There were no changes in haematological, lipid, hepatic, thyroid or urinary parameters consistent
with known toxicological effects of PFOS in cross-sectional or longitudinal analysis of workers with
PFOS serum concentrations < 2,000 pg/L.

At concentrations higher than 6,000 pg/L slight positive associations with altered cholesterol,
triglyceride and high-density lipoprotein (HDL) were identified but inconsistent with known
biochemistry of PFOS and effects observed in animals. These effects should be interpreted with
care as they may be random findings or the result of a different variable (other than PFOS or
PFAS).

The above findings are consistent with general outcomes, i.e. no adverse effects identified, from
review of occupation studies by DFG (DFG 2015a).

Animal studies

Consistent with standard risk assessment methodologies adopted in Australia, NOELs for PFOS are
identified from relevant animal studies. Sensitive effects are observed in monkey studies that
provide serum concentrations for changes in blood biomarkers for lipid metabolism and energy
production. Developmental and reproductive effects (sensitive effects being neonatal survival and
weight gain) in rats have established benchmark doses (BMDL) that can be converted to serum
concentrations.

Data from the monkey study was used to identify a benchmark dose (BMDL) for no or minimal
impact on sensitive effects in the liver of 35 mg/L, and applied an uncertainty factor of 8 (2.5 to
address the human liver potentially being more sensitive than that of a monkey and 3.2 for variability
between humans) to get a NOEL of 4.4 mg/L or 4,400 ug/L.
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Data from rat studies identified the most sensitive effect being decreased pup weight. Serum
concentrations representative of the benchmark dose (BMDL) were identified in these studies with
the most appropriate value identified as 26 to 31 mg/L (Luebker et al. 2005a; Luebker et al. 2005b)
— noting these are key studies identified in the FSANZ review. The same studies identified BMDLs
for reduced neonatal survival is in the range 83-100 mg/L. Applying the same uncertainty factor as
adopted for the use of data from the monkey study (8 fold?) results in a NOEL for humans as 3.2 to
3.9 mg/L.

Further review of the animal studies by ToxConsult in the Williamtown assessment (ToxConsult
2016) considered a number of other studies and endpoints, from which a range of human serum
NOELs was identified to range from 2.1 to 10.7 mg/L.

Conversion of TDIs to serum concentrations

TDIs established by international authorities such as the UK Committee on Toxicology (0.3
ug/kg/day), EFSA (0.15 pg/kg/day), Minnesota Department of Health (0.08 pg/kg/day) and USEPA
(0.08 ug/kg/day) — available at the time of the ToxConsult review (ToxConsult 2014). These TDIs
are all based on the Seacat et al (2002) monkey study with different choices for uncertainty factors.
Using pharmacokinetic modelling on the average TDI from the international values (0.15 pg/kg/day)
results in a steady state serum concentration of 2,000 ug/L.

Based on the above a blood serum NOEL of 2,000 pg/L (2 mg/L) was established by ToxConsult
for Fiskville (ToxConsult 2014).

This value and the information derived from the various studies (summarised above) is included in
Figure 2 (from ToxConsult 2014).

Further review for Williamtown (ToxConsult 2016) included the following:

“Although the above includes sensitive foetal and neonatal survival end points, not all the
effects of interest for assessing risk to young children may have been evaluated in the
animal toxicity studies. It is therefore suggested that an additional uncertainty (safety) factor
of 3 be applied to appropriately cater for this sub-population.”
This then results in the following NOELs for PFOS:

o 700 pg/L for children and women of child-bearing age

o 2,000 ug/L for other adults.

1 PFOS effects are related to serum concentrations and there is not a requirement for serum levels to be at steady state
relative to dose for the effect to be initiated. Hence when using serum — effect relationships for identifying a human serum
value, adjustment of a study serum concentration (in mg/L) between species tor toxicokinetic differences is not required.
Such adjustments, however, are necessary when adjusting a dose NOEL/NOAEL (in mg/kg/day) to a human serum
concentration.
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Figure 2: Comparison of measured serum PFOS concentrations with critical levels in animals and
humans (from: ToxConsult 2014 —where a NOEL of 2 mg/L or 2,000 pg/L was established)
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7 No Effect Level for PFOA established in Australia

The review conducted by ToxConsult for Williamtown (ToxConsult 2016) also considered PFOA and
following a similar approach to reviewing occupational studies and animal studies to identify a
serum NOEL.

The occupational studies evaluated (which included a cohort of approximately 6000 persons) did not
identify adverse effects in workers with serum concentrations as high as 115 mg/L. The exception is
one study (Steenland, Zhao & Winquist 2015) identified ulcerative colitis at serum levels of > 7.04
mg/L (noting there are a number of uncertainties with this study). Based on the available information
no associations with adverse clinical disease were identified in workers with serum concentrations
of PFOA <7 mg/L or <7,000 pg/L.

The animal studies were reviewed for a range of potential adverse effects with serum NOELs
identified in the range 19 to 88 mg/L. The assessment adopted 19 mg/L from the animal studies and
used an uncertainty factor of 8 (same as for PFOS) to calculate a human equivalent NOEL of 2.4
mg/L or 2,400 ug/L.

Similar to the approach adopted for PFOS an additional uncertainty factor of 3 was applied by
ToxConsult (2016) to address exposures by young children (which may be more sensitive), resulting
in the following for PFOA:

800 pg/L for children and women of child-bearing age
2,400 ug/L for other adults.
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