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Abstract
Per- and polyfluoroalkyl substances (PFAS) are persistent and widely distributed in the environment from

commercial products and waste process residues, including in surface waters usually at low parts per trillion (ppt)
levels. Groundwaters near contaminated locations can have higher parts per trillion or parts per billion (ppb)
concentrations. Interim EPA Drinking Water Health Advisories (HAs) for perfluorooctanoic acid (PFOA) and
perfluorooctanesulfonic acid (PFOS) that were originally 70 ppt were recently reduced to 0.004 and 0.020 ppt,
respectively. Final HAs for perfluorobutane sulfonic acid and its potassium salt (PFBS) and hexafluoropropylene
oxide (HFPO) dimer acid and its ammonium salt (“GenX chemicals”) were established at 2000 and 10 ppt,
respectively. The minimum reporting levels (MRLs) for PFOA and PFOS are currently 4 ppt. The scientific basis
for these very low and unmeasurable HA values for PFOA and PFOS is debatable and up to about five orders of
magnitude below many other worldwide national recommendations (e.g., Australia, UK, Canada), which are in
the range of 100 ppt and above.

EPA has issued interim Drinking Water Health Advisories
(HAs) for PFOA (perfluorooctanoic acid) and PFOS (per-
fluorooctane sulfonic acid) that will have significant eco-
nomic impact and are based on debatable interpretations
of science. Groundwaters are usually the greatest drink-
ing water concerns because of higher concentrations and
longer contaminant retention in the vicinity of PFAS (per-
and polyfluoroalkyl substances) manufacturing, and user
sites, such as where firefighting foams have been used.

PFAS are a large group of more than 4700 commer-
cial and residual byproduct chemicals that contain linked
chains of carbon and fluorine. They are often called “for-
ever chemicals” in the press; that nickname was based on
early reports that some of them stayed in the environment
for many decades. PFAS were introduced in the 1940s and
came to the public’s attention over 20 years ago after they
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were found in workers and drinking water from their use
in the manufacture of Teflon and many other products.
Exposures occur from inhalation and ingestion sources
including household furniture and carpets, fabrics, some
foods, sea foods, food contact containers, and fire-fighting
foams. For further information on the history and use of
PFAS, please see: https://pfas-1.itrcweb.org/fact_sheets_
page/PFAS_Fact_Sheet_History_and_Use_April2020.pdf

PFAS manufacture, uses, and exposures are being
reduced by company/government agreements that took
place in the early 2000s (Cotruvo 2022). Human blood
levels of PFOA and PFOS are now about 70% to 90%
reduced from what they were in 1999 (ATSDR 2022)
(Figure 1).

EPA published interim updated Drinking Water HAs
for PFOA and PFOS, as well as Final HAs for PFBS and
GenX, in July, 2022 (EPA 2022a, 2022b). HAs represent
the concentration in drinking water below which adverse
health effects are not expected to occur over a lifetime
of exposure to these PFAS in drinking water (EPA 2022c)
with a margin of safety. Although HAs are not regulations,
they can have severe economic consequences, as some
States adopt them as operating guidance or enforceable
regulations, setting standards for drinking water and site
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Figure 1. Blood levels of PFAS over time (ATSDR 2022).

remediation. For example, Alaska, Colorado, Connecticut,
Delaware, New Mexico, and Ohio have adopted the prior
EPA HA of 70 ppt for their limits for PFOA and PFOS in
drinking water. It is therefore essential that the HAs are
carefully prepared, scientifically credible, and externally,
objectively peer reviewed, and with public comment prior
to release. Potential drinking water is just one of numerous
exposure sources for PFOA and PFOS, including foods,
indoor air and dust.

EPA’s proposed HAs are 0.004 ppt for PFOA and
0.020 ppt for PFOS, thousands of times lower than EPA’s
2016 HA of 70 ppt for both chemicals. Several other
countries have advisory levels at 100 ppt and higher
(WHO 2022). (Canada is considering a feasibility based
“objective” of 30 ppt (Health Canada 2023). These interim
HAs are so low that they cannot be measured in drinking
water, let alone attribute actual risks near these levels.

EPA’s calculations for the HAs for PFOA and PFOS
are based on the critical endpoint of immunomodulation
(changes in antibody levels) using a study in the Faroe
Islands, a group of islands in the North Atlantic Ocean
belonging to Denmark (Grandjean et al. 2012) and
another study that carried out benchmark dose analysis
on the Grandjean et al. (2012) results (Budtz-Jorgensen
and Grandjean 2018). The Grandjean et al. (2012) study
reported an inverse relationship between children with the
highest blood levels for PFOA and PFOS and lower anti-
body levels for diphtheria and tetanus. This study did not
show an increase in diphtheria and tetanus illnesses in the
Faroe Islands; in fact, Denmark and the United States have
reported very few cases of these diseases post widespread
vaccinations. In addition, this study did not show that
PFAS caused the decrease in antibody levels, it suggested
an association. Budtz-Jorgensen and Grandjean (2018)
modeled the results from Grandjean et al. (2012), using
benchmark dose analysis, and these were the levels with

an additional 10-fold safety factor, that EPA used as the
basis for their interim HAs for PFOA and PFOS.

The Grandjean et al. (2012) and Budtz-Jorgensen
and Grandjean (2018) studies are a thin basis, considering
current PFAS blood levels, for such a dramatic decrease
in the acceptable levels of PFAS in U.S. drinking water.
Even if higher PFAS in blood can reduce antibodies, there
is a significant disconnect with adverse consequences
because the U.S. Centers for Disease Control and Preven-
tion’s (CDC) infectious disease data show no relationship
between levels of PFAS with actual cases of diphtheria
and tetanus in the United States. Cases of diphtheria have
averaged less than 1 case per year in the U.S. population
of approximately 300 million people over 40 years, down
from thousands per year prior to widespread vaccinations
(CDC 2021a). CDC considers tetanus to be uncommon,
has been in decline, and is mostly associated with a small
number of unvaccinated people (CDC 2021b). Vaccina-
tions are very effective against both diphtheria and tetanus,
so the HAs are over-protecting against a non-existing con-
sequence, and at likely high cost with no apparent benefit.

EPA’s Science Advisory Board (SAB), which con-
sists of 47 experts selected by EPA, expressed several
concerns with the methodologies that EPA was consid-
ering to develop Maximum Contaminant Level Goals
(MCLGs) and National Primary Drinking Water Regula-
tions (NPDWRs) for PFAS (EPA SAB 2022). In addition,
the EPA SAB considered the EPA’s supporting documents
related to approaches for deriving the PFOA and PFOS
MCLGs to have a number of methodological flaws.

EPA’s use of the results from Grandjean et al. (2012)
and Budtz-Jorgensen and Grandjean (2018) as the basis
for the HAs produced much lower concentrations of
PFOA and PFOS than several other studies that could
have been used as the basis for the HAs. The European
Food Safety Authority (EFSA 2020) used a more recent
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study on immunomodulation and arrived at an acceptable
total dietary value of 4.4 nanograms per kilogram body
weight per week (ng/kg/week) for the sum of four
PFAS’ that calculates to about 4 ppt for the drinking
water contribution, hundreds of times greater than EPA’s
interim HA for PFOA.

In addition, there is a recent assessment of published
studies (Antoniou et al. 2022) that disputes use of
antibody levels for environmental risk assessments.
The authors concluded that: “more evidence is required
to select immunomodulation as a critical endpoint for
PFAS risk assessment.” Several other countries have also
decided not to use this critical endpoint as the basis for
their acceptable levels.

The World Health Organization (WHO) released
its proposed PFAS document for public review in
September, 2022 (WHO 2022). They reviewed the health
and exposure data in detail and concluded that there
are inconsistencies and uncertainties between the health
studies and arrived at proposed practical drinking water
values of 100 ppt for PFOA and PFOS, and 500 ppt for
total PFAS. These values are 25,000 and 5000 times
higher than the proposed EPA HAs.

The unmeasurable and scientifically questionable
EPA HAs will increase public concern about the health
effects of these chemicals and will result in major expen-
ditures in many of the 150,000 public water systems in
the United States. This is a major issue, as drinking water
priorities should deal with the main drinking water health
problems in the United States: decaying water distribution
systems infrastructure, small systems, and legionellosis.
Water-related legionellosis results in about 60% of
reported outbreaks and the only water-related deaths
(from inhalation of water aerosols) in the United States.

EPA had scheduled release of proposed drinking
water regulations for PFOA and PFOS in December 2022,
but has rescheduled to March 2023. Although high PFAS
concentrations found in groundwater near sites that have
historical use or manufacturing PFAS can pose legitimate
risk, these inordinately low HAs continue the narrative
that these chemicals are highly toxic to humans at very
low environmental levels. That is the basis for the large
amounts of money flowing from the federal government
and the States that would be more productively redirected
if it were known that these chemicals in drinking water
usually present limited risk to human health at the very
low and declining levels found in the environment. Since
this is an international issue, EPA should participate
in a multinational/scientific expert process to reach a
consensus on realistic protective values for PFAS. EPA
also needs to increase its transparency and carry out
external peer reviews and cost-benefit analysis on all
HAs, not just on regulations, to ensure that resources are
not being wasted on low-risk issues.
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