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Introduction
Over the past few decades per- and poly-fluoroalkyl substances (PFAS) contamination has
grown into a serious global health threat. PFAS are extremely persistent, highly mobile in the
environment and many have been found to bioaccumulate, or build up, in humans and animals.
People are concurrently exposed to dozens of PFAS chemicals daily through their drinking
water, food, air, indoor dust, carpets, furniture, personal care products, and clothing. As a result,
PFAS are now present throughout our environment and in the bodies of virtually all Americans.
PFAS are associated with many serious health effects such as cancer, hormone disruption, liver
and kidney damage, developmental and reproductive harm, changes in serum lipid levels, and
immune system toxicity - some of which occur at extremely low levels of exposure. 1, 2
Additionally, because PFAS are chemically related, they may have additive or synergistic effects
on target biological systems within our bodies.
The number of chemicals in the PFAS class is growing rapidly. EPA Comptox Dashboard now
indicates there are over 9,000 unique PFAS structures.3 For most of these chemicals there is
limited to no data on their potential toxicity to human health and the environment. However,
evidence from known PFAS, including both legacy and replacement PFAS, is growing quickly
that indicates that they collectively pose similar threats to human health and the environment,
often at exceedingly low doses.1 These toxicity data, combined with concerns over their similar
environmental mobility and persistence and widespread human and environmental exposure,
have led scientists and other health professionals to express concern about the continued and
increasing production and release of PFAS. As a result scientists from around the world have
called for PFAS to be managed as a class.4-9

Vermont Public Water System Occurrence Data
PFAS are already detected in public drinking water systems and in other environmental media
in Vermont (Table 1). Fifteen percent (n=107) of public water systems tested in Vermont had
detectible levels of one or more PFAS. Total levels reported for the 18 PFAS included in the US
EPA Method 537.1 ranged from 2.00 to 335.04 parts per trillion (ppt), with an average of 19.71
ppt and a median of 6.80 ppt. Vermont currently has an enforceable drinking water standard
(maximum contaminant level, or MCL) for 5 PFAS (PFHpA, PFHxS, PFNA, PFOA, PFOS) at a
combined value of 20 ppt. Under the existing combined MCL, 19 of the 107 (17%) public water
systems with detectable levels of PFAS exceed the 20 ppt standard. The existing combined
MCL therefore leaves communities served by the remaining 88 public water systems with
detectable PFAS at risk of PFAS-associated health harms. It is unknown how many of the public
water systems contain additional PFAS that are not measured by EPA Method 537.1.
Importantly, absence of data does not mean absence of harm. Given the history of PFAS
manufacturing and use of PFAS by various industries in Vermont, there are likely other PFAS
beyond those measured by US EPA Method 537.1 in the environment and drinking water
systems in Vermont. For example, the total oxidizable precursor (TOP) assay has been used to
detect a significant amount of PFAA precursors present in environmental samples. 10 And in
2017, 40 new subclasses of PFAS were identified in aqueous film forming foam (AFFF) and
AFFF-impacted groundwater.11
Most recently, new PFAS (chloroperfluoropolyether carboxylates) were identified around
fluorochemical production facilities.12 Importantly, these chemicals were also found up to 400
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km away from the production source, indicating widespread airborne transport. 12 Therefore the
potential exists for widespread contamination from fluorochemical use and production facilities
beyond Vermont’s border. None of these chemicals are included in US EPA Methods 537.1 or
533, however, these chemicals should not be assumed to be harmless. On the contrary, given
the presence of carbon-fluorine bonds, these chemicals, at a minimum, are extremely
persistent.
The analytical methods that capture the full range of synthetic organic fluorine chemicals have
not been widely employed, especially outside areas of known PFAS contamination. In one
intriguing study of tap water in five US cities, less than half the total “extractable” organic
fluorine (EOF) measured in treated drinking water was accounted for by the sum of individually
identified PFAS, indicating far more PFAS and other organofluorine compounds were present in
the water than were identified with targeted analysis.13 The concentration of extractable organic
fluorine ranged from 9.6 to 135.6 ng/L in 2016, an increase of 5 to 320 fold from samples
collected roughly 25 years earlier (Table 2). The authors offered no additional information about
potential sources for the five cities studied. Vermont Agency of Natural Resources (ANR) should
consider the possibility that its efforts to measure and reduce exposure to a small subset of
better-studied PFAS chemicals could be missing important opportunities to identify and reduce
other synthetic organofluorine chemicals that could pose a similar hazard to human health and
the environment.
Vermont has already taken important first steps to regulate PFAS as a class by enacting a
combined MCL for 5 PFAS in drinking water. We appreciate this opportunity to respond directly
to the questions examined by the Review Team. However, as detailed below, we disagree with
the conclusion that it is currently not feasible to regulate PFAS as a class beyond the 5 PFAS
presently regulated in the combined MCL. Following our response to the questions posed in the
Advanced Notice on the Regulation of PFAS as Class, we provide options, organized by level of
public health protection conferred, that ANR should consider for implementing and improving a
class based approach to PFAS regulation.
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Table 1. PFAS Summary
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Table 2. Organic fluorine measurements in drinking water from five Massachusetts
locations (ng/L or parts per trillion)
location: MA1

MA2

MA3

MA4

MA5

1989
year: 1990

2016

1989
1990

2016

1989
1990

2016

1989
1990

2016

1989
1990

2016

PFOA

0.2

6.2

0.5

1.7

0.9

4.8

0.6

0.9

1.3

0.9

PFOS

0.4

1.6

0.4

0.8

1.2

4.2

0.5

0.3

0.6

0.3

Other PFCAs

0.1

7.4

0.8

4.2

1.3

9.6

0.6

1.7

0

5.1

Other PFSAs

0.3

4.3

0.3

1.7

1.5

5.6

0.2

0.7

0.4

0.1

0

0

0.3

0

0

0

0

0

0

0

Un-identifiable
organofluorines

6.7

135.6

19.8

105.2

2.9

39.4

0.2

58.5

5.4

9.6

Total Extractable
Organic Fluorine

7.7

155.1

22.1

113.6

7.8

63.6

2.1

62.1

7.7

16

Percent of total
fluorine that is
unidentified
chemicals

87%

87%

90%

93%

37%

62%

10%

94%

70%

60%

PFOS
precursors

Source: Hu et al. 2019
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Response to the questions examined by the Review Team:
1. Does data exist to support regulating PFAS as a class in the same manner that other
constituents are regulated as a class?
PFAS present a unique public health crisis and should be approached in a manner that best
protects public health. Regulation of PFAS, and the resulting health protections, should
not depend on the ability to act on them in the exact manner other chemicals have been
regulated. Action on PFAS as a class is supported by the scientific community, which has
provided scientific justification for why a class-based approach is appropriate and necessary for
PFAS:
●

Helsingor Statement4
This scientific statement discusses the transition from long-chain PFASs to fluorinated
alternatives. It summarizes key concerns about the potential impacts of fluorinated
alternatives on human health and the environment including, “amongst others, the
likelihood of fluorinated alternatives or their transformation products becoming
ubiquitously present in the global environment; the need for more information on uses,
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properties and effects of fluorinated alternatives; the formation of persistent terminal
transformation products including PFCAs and PFSAs; increasing environmental and
human exposure and potential of adverse effects as a consequence of the high ultimate
persistence and increasing usage of fluorinated alternatives; the high societal costs that
would be caused if the uses, environmental fate, and adverse effects of fluorinated
alternatives had to be investigated by publicly funded research; and the lack of
consideration of non-persistent alternatives to long-chain PFASs.”
●

Madrid Statement5
This scientific consensus statement from over 200 scientists and experts documents
their concern over the persistence and potential for harm of PFAS, and calls on the
international community to “cooperate in limiting the production and use of PFASs and in
developing safer non-fluorinated alternatives.” The statement then provides a list of
suggested actions for various stakeholders to prevent further harm.

●

Zurich Statement6
This scientific statement documents an action plan for the assessment and management
of PFAS developed by a group of more than 50 international scientists and regulators in
a two-day workshop in November, 2017. The group identified respective needs, common
goals, and recommended cooperative actions including, among others, a grouping
approach to addressing PFAS, new approaches to assessing and managing highly
persistent chemicals such as PFAS, a phase out of nonessential uses of PFAS and
development of safer alternatives.

●

Cousins et al. 20197
This article builds on the Madrid Statement and the Montreal Protocol to chart a path
forward to phase out all non-essential uses of PFAS. The authors describe three
categories essentiality:
Category 1: “Non-essential” Uses that are not essential for health and safety, and the
functioning of society. The use of substances is driven primarily by market opportunity.
Category 2: “Substitutable” Uses that have come to be regarded as essential because
they perform important functions, but where alternatives to the substances have now
been developed that have equivalent functionality and adequate performance, which
makes those uses of the substances no longer essential.
Category 3: “Essential” Uses considered essential because they are necessary for
health or safety or other highly important purposes and for which alternatives are not yet
established.
The authors conclude that category 1 and 2 should be phased out as quickly as
possible. For category 3, authors note that, “this essentiality should not be considered as
permanent; rather, constant efforts are needed to search for alternatives.”

●

Cousins et al. 20208
According to authors of this article, “Given the number of substitutions of long-chain
PFAAs with other PFAS that are now also considered to be problematic, there is a need
for more effective grouping strategies for the regulation of PFAS than the current
approach of regulating only long-chain PFAAs and related substances.” This article
summarizes nine different approaches for grouping PFAS based either on their intrinsic
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properties or those that estimate cumulative exposure and/or health effects (see Figure).
The extent that these approaches are already in use in regulatory contexts throughout
the world is discussed. There are data requirements and limitations to implementing
each grouping approach, yet interestingly, the most comprehensive grouping requires
the least amount of data a priori.
●

Kwiatkowski et al. 20209
This article presents a scientific basis for managing PFAS as one chemical class.The
basis for the class approach is presented in relation to their physicochemical,
environmental, and toxicological properties. Specifically, the high persistence,
accumulation potential, and/or hazards (known and potential) of PFAS studied to date
warrant treating all PFAS as a single class. Options are also provided for how
governments and industry can apply the class-based approach moving forward. The
authors conclude, “Without effective risk management action around the entire class of
PFAS, these chemicals will continue to accumulate and cause harm to human health
and ecosystems for generations to come. As demonstrated above, managing PFAS as a
class is scientifically sound, will provide business innovation opportunities, and will help
protect our health and environment now and in the future.”

While a class-based approach to chemical management can pose challenges to the traditional
paradigm of individual chemical risk assessment, the extreme persistence and potential for
harm from thousands of PFAS demand a more efficient and effective approach. Lack of full
scientific certainty should not be used as a reason for postponing cost-effective
measures to prevent public health protections and environmental degradation.
Furthermore, no chemical management approach is perfect, including individual risk
assessments. Alternative chemical management approaches have been proposed and will be
covered in detail below. ANR has broad authority to regulate unsafe chemicals in drinking water.
As a state agency, it is your mandate to use the approach best fitted to provide the greatest
amount of health protections for the residents of Vermont.
2. Are other jurisdictions regulating PFAS as a class or subclass?
The Review Team reports that no guidance exists for regulation of PFAS as a class. However,
in addition to the scientific guidance as detailed in the above resources provided in response to
the Review Team’s first question, there are other jurisdictions that are or are proposing to
regulate PFAS as a class or as subclasses, detailed below.
The EU Drinking Water Directive14, 15 was not mentioned by the Review Team. In October 2020,
the EU Council adopted a proposal for the EU’s Drinking Water Directive that called for two
things: 1) the immediate regulation of the sum of 20 PFAS in drinking water at 100 ppt and 2)
the development of a monitoring method for total PFAS, which within five years should be
enforceable at the level of 500 ppt. The family approach (total PFAS) will be an additional
alternative to the list approach (sum of 20 PFAS), as soon as the total PFAS monitoring method
becomes available.15 The EU is currently performing a pilot study to develop technical
guidelines for monitoring total PFAS. In general, EU member countries are free to adopt stricter
regulations than the EU’s minimum standards, if the regulations are health-based. Therefore, it
is expected that these total PFAS limits will be used in conjunction with stricter individual or
combined PFAS limits set by member countries. For example, the European Food Safety
Agency has performed a risk assessment for four PFAS and derived a group tolerable weekly
intake for the four that would convert to a much stricter drinking water standard than 100 ppt. 16
6

In 2019, several European countries committed to phasing out all non-essential uses of PFAS
by 2030.17 Following this, in October 2020 the EU Chemical Strategy for Sustainability proposed
a comprehensive set of actions to address PFAS to ensure, in particular, that “the use of PFAS
is phased out in the EU, unless it is proven essential for society.
The Commission will:
●
●
●
●
●

ban all PFAS as a group in fire-fighting foams as well as in other uses, allowing their use
only where they are essential for society;
address PFAS with a group approach, under relevant legislation on water, sustainable
products, food, industrial emissions, and waste;
address PFAS concerns on a global scale through the relevant international fora and in
bilateral policy dialogues with third countries;
establish an EU-wide approach and provide financial support under research and
innovation programmes to identify and develop innovative methodologies for remediating
PFAS contamination in the environment and in products;
provide research and innovation funding for safe innovations to substitute PFAS under
Horizon Europe.”18

The National Institute for Public Health and the Environment in the Netherlands (RIVM) derived
a relative potency factor approach for 19 PFAAs, including PFOA and PFOS. 19 In this approach
the exposure to a PFAS mixture is expressed as a comparable amount of PFOA. RIVM states,
“Measured PFAS quantities are simply expressed in PFOA units, so that they can be compared
with PFOA standards for soil or (drinking) water.19” The relative potency approach developed by
RIVM is based on liver hypertrophy, for which data is available for at least 11 PFAS. One
advantage of this approach is that it can allow regulators to translate environmental standards
developed for PFOA and PFOS to other PFAS compounds, including matrices other than
drinking water.19 Another benefit is it allows for the consideration of the additive impact of
exposure to multiple PFAS compounds.
Germany and Sweden proposed and the EU adopted a restriction under REACH (a 2006
European regulation that addresses the registration and production of chemical substances) to
cover six PFAS (C9-C14 PFCAs) and any substance that can degrade into one of the six. 20 The
European Chemicals Agency lists over 500 PFAS precursors that fall under this restriction.
Though this particular regulation focuses specifically on PFAS use, it highlights a mechanism
that has been adopted by a jurisdiction to group related PFAS, namely by their terminal
breakdown products.
Massachusetts recently adopted a combined drinking water standard for six PFAS (PFOA,
PFOS, PFNA, PFHxS, PFHpA, and PFDA) at 20 ppt. This currently represents the most PFAS
regulated as a combined standard in the US and incorporates the 5 regulated in Vermont plus
PFDA. It should be noted however, that Texas has published the greatest number of reference
doses (RfD) for individual PFAS. Texas has derived RfD for 16 individual PFAS, and though
these do not currently represent regulatory limits, these efforts and those outlined above show
that it is feasible to regulate more than the 5 PFAS currently regulated by Vermont. More
recently, Wisconsin just announced it is developing recommendations for 16 PFAS. 21
3. Do various analytical methods looking at total PFAS enable the Agency to better
understand, for regulatory purposes, PFAS concentrations in various media to drive
regulatory and risk management decisions?
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In the advanced notice the Review Team focused on evaluating whether or not existing
analytical methods or grouping approaches could fit into traditional risk assessment and
regulatory paradigms. The nature of the PFAS problem Vermont and the world is facing
cannot be sufficiently addressed with traditional regulatory approaches. This is why PFAS
experts from around the world are advocating for more aggressive, “out-of-the-box” approaches
to managing PFAS as a class.
For each method evaluated by the Review Team, the scientific support, analytical issues and
regulatory issues were highlighted. It appears that the Review Team was looking for a one-size
fits all solution to regulating PFAS as a class across many varied types of environmental media.
The Review Team stated, “From a regulatory standpoint, however, the granularity,
standardization, uniformity, and repeatability across all media and waste streams (e.g.,
biosolids, leachate) in the State do not currently provide for adequate information to regulate
PFAS as a class beyond the current class of five.” ANR should not, however, be looking for a
one-size fits all approach to regulating PFAS as a class. It is not expected that a single
regulatory decision or approach should be made to regulate all PFAS across all types of media
and waste streams. On the contrary, it is likely that different approaches will be needed to
regulate PFAS in different matrices and media. For example, approaches for remediating
existing PFAS will necessarily be different from efforts to prevent future environmental releases,
as evidenced by the multiple approaches the EU is taking to address PFAS as a class.
Looking for a solution across all media streams that fits into traditional, data intensive regulatory
paradigms will paralyze ANR for an indefinite amount of time. Delaying regulations until a
single approach that does not have limitations is developed denies health protections to
Vermont residents. As there are available treatment methods to remediate PFAS from drinking
water and groundwater, and drinking water becomes the main source of PFAS exposure for the
community when a community’s water is contaminated with PFAS, a logical place to begin is
with regulating PFAS as a class in drinking water and groundwater.
ANR has broad authority to regulate unsafe chemicals in drinking water. 22 Pursuant to 10 V.S.A.
§ 1672, the Secretary “shall regulate” drinking water “to prevent and minimize public health
hazards.”22 The Secretary may adopt a Health Advisory Level set by the Vermont Department of
Health as an MCL or establish other standards or requirements for drinking water quality so long
as the standards or requirements are at least as stringent as the national primary drinking water
regulations.22, 23 In addition, ANR has the authority to adopt a treatment technique drinking water
standard for PFAS.22 “A treatment technique is an enforceable procedure or level of
technological performance which public water systems must follow to ensure control of a
contaminant.”24 Therefore ANR has the authority to regulate PFAS as a class, and the
legislature has directed ANR to initiate a rulemaking process to regulate PFAS as a class or
subclasses.

Options for Class Management in Drinking Water and
Groundwater: A Tiered Approach
We do not agree with the finding that there is no way to move forward on a class-based
approach to addressing PFAS and recommend that ANR begin by addressing PFAS as a class
in ground and drinking water.
Multiple resources are available to guide ANR in developing class-based approaches for
regulating PFAS. In the following section we outline a hierarchy of class-based approaches for
8

regulating PFAS in ground and drinking water, from most health protective to least, that should
be further considered by ANR in order to fulfill their legislative mandate to protect Vermont
residents from undue PFAS exposure. We note a very important resource (Cousins et al.,
2020), which summarizes nine different approaches for grouping PFAS based either on their
intrinsic properties or those that estimate cumulative exposure and/or health effects (See
Figure).8 The extent that these approaches are already in use in regulatory contexts throughout
the world is discussed by the report authors.
Figure. Grouping Approaches for PFAS

Source: Cousins et al., 20208
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Approach 1: Regulate the Entire Class of PFAS Based on Persistence, or “P-Sufficiency”
All PFAS share a common structural feature, the carbon-fluorine bond, which is the strongest
single bond in organic chemistry and confers environmental persistence to all PFAS. In addition,
PFAS can also share several other problematic properties, including bioaccumulation,
environmental mobility and toxicity.
Experts agree that persistence alone is a major cause for concern and sufficient for
regulation.25 In 2019, a group of PFAS experts demonstrated that “if a chemical is highly
persistent, its continuous release will lead to continuously increasing contamination irrespective
of the chemical's physical–chemical properties.” They argue that, “increasing concentrations will
result in increasing probabilities of the occurrence of known and unknown effects and that, once
adverse effects are identified, it will take decades, centuries or even longer to reverse
contamination and therefore effects.” Based on their findings they propose the “P-sufficient
approach” - that high persistence alone is sufficient to regulate a chemical or group of
chemicals. They note that the “P-sufficient approach” is not over-precautionary given the
historical and ongoing problems that have been caused by persistent chemicals to date.
For the same reasons outlined by Cousins et al., (2019), the European Commission held a substudy within its 7th EAP (Study for the Strategy for a Non-toxic Environment) to investigate the
case for regulating substances solely on the basis of their persistence in the environment. 26 The
sub-study concludes that, “in the context of an increasingly resource-constrained world,
preserving the usefulness of essential natural and material resources and ecosystem services is
important. From the standpoint of public health, environmental protection and economic growth,
it thus appears desirable to take a precautionary, hazard-based approach and to prevent and/or
minimize all releases of vP [very persistent] chemicals in the future.”26
Experts agree that PFAS should be regulated as a class in order to protect public health. 9 In
addition to high persistence, the accumulation potential and/or hazards (known and potential) of
PFAS studied to date warrant treating all PFAS as a single class. The P-sufficient grouping is
the most comprehensive, least resource intensive approach for managing/addressing PFAS as
a class, as it requires no additional data to act.8 For source reduction efforts, such as product
regulation, the essentiality framework is available to guide Vermont in phasing out all nonessential uses of PFAS.7 The question then becomes how best to regulate PFAS as a class
once they have entered the environment, requiring remediation in drinking water,
groundwater, and other matrices. As noted above, our focus begins with regulating PFAS as
a class in drinking water and groundwater.
Given current technical limitations, the most health protective approach available at this time is
a two-pronged approach that involves 1) setting a treatment technique triggered by a set limit for
total organic fluorine content (TOF); as measured by combustion ion chromatography (CIC)
AND 2) setting a combined standard for all quantifiable PFAS at the lowest, most health
protective level achievable given current technical limitations (reporting limits for PFAS are
between 2 - 5 ppt ), following pre-oxidation of the sample in order to capture PFAA precursors.

Prong 1:
There are several methods to determine the amount of TOF compounds in environmental
media. Commercial laboratories like Eurofins and Bureau Veritas offer TOF by CIC with
detection limits in the low (single digit) part per billion range. 27, 28 Commercially validated
methods are already available in Australia and Europe. 29, 30 Bureau Veritas (located in Canada)
released a commercially validated TOF method this year and Eurofins expects to have a
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commercially validated TOF method in the US by the end of the year. This approach has been
validated by academic institutions in the U.S. as well. In addition, efforts are currently underway
to develop and validate more sensitive methods for TOF analysis. The recast of the EU drinking
water directive already calls for regulation of Total PFAS at 500 ppt. The EU will be performing a
pilot study to develop and validate a specific testing method that can support this regulatory
goal. We acknowledge that ANR may not yet have the capacity to evaluate the various
commercially available methods and validate a TOF method with the required sensitivity,
yet we argue that ANR should commit to adopting a treatment technique standard (based
on TOF or another total PFAS method) once an agency-validated method has been
published. Once a treatment technique is set, ANR should review the standard every two
years to ensure standards reflect the latest scientific and technical information.
In the advanced notice, the Review Team explored the pros and cons of using TOF (listed as
Adsorbable Organic Fluorine (AOF) and Extractable Organic Fluorine (EOF)). In doing so the
Review Team seemed to evaluate whether or not TOF is a suitable one-size-fits-all solution to
regulating PFAS across all matrices. Here we address the concerns raised by the Review Team
for the use of TOF, but specifically in regards to its use in drinking water and ground water as
described above.
In the Review Team’s evaluation of TOF, it stated,
“This approach does not reflect the reality that some PFAS are more biologically potent than
others.”
● Under the P-sufficient approach it is not necessary to know the relative biological
potency of various PFAS.
“In addition, fluoride is naturally occurring in some Vermont aquifers and may complicate the
interpretation of results.”
● This is not accurate, as TOF assays examine organic fluorine and therefore distinguish
between fluoride and organofluorine.
“This technique is not specific to PFAS, if there are other contaminants present that have
fluorine (pharmaceuticals or pesticides) they would be reported in the results.”
● While the potential to capture other chemicals containing organo-fluorine is possible
when measuring TOF, this should not prohibit its use. We argue that these chemicals
also do not belong in the drinking water or groundwater. Removing other organofluorine
contaminants from the ground and drinking water is not detrimental to public health or
the environment, and can be considered a co-benefit to regulating PFAS.31 USGS tracks
pesticide use and can help screen for organofluorine pesticide uses in the state (which
are somewhat rare). Fluorine-based chemistry is relatively common in pharmaceutical
drugs.32 USGS also monitors pharmaceuticals in water resources including metabolites
of Ciprofloxacin and Prozac.
“This technique has not been demonstrated that it can be used for solid matrices.”
● This is incorrect. The two most common TOF methods are AOF and EOF. AOF is used
for aqueous samples. EOF is more versatile and can be used for water, blood serum,
soil extracts and more. If fact, this method can be used for a range of solids including
soil, product materials, paper goods, etc.33
“This technique may not capture short-chained PFAS.”
● We acknowledge this is a limitation with AOF, as short-chain PFAS are not adsorbed as
well as long-chain PFAS. However, with EOF this would not be an issue. Furthermore,
this limitation can be partially addressed by applying the second prong of the proposed
approach, as described in more detail below.
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“There are no universal analytical standards for this technique. This method needs to be run in
the lab and cannot be used in the field.”
● This is a logical fallacy. EPA Methods 537.1 and 533 are generally run in a laboratory,
not in the field. There is no legal requirement that a method needs to be amenable to
field use in order for it to be used in a regulatory setting.
● It is unclear why the Review Team needs a universal analytical standard to move
forward with a particular method. ANR can specify a standard to be used, such as the
current ASTM standard34, or once published the EPA or EU standard.

Prong 2:
Although TOF would be the most comprehensive approach to measuring synthetic organic
fluorine compounds, current methods for measuring TOF are limited by high detection limits.
Considering current risk assessments for individual known PFAS arrive at values in the single
digit part per trillion (ppt) range, and that ANR set MCLGs for the 5 PFAS it currently regulates
at zero, relying only on a high reporting limit from TOF for setting regulatory actions would not
be health protective. Hence, ANR should additionally set a combined standard for all PFAS
quantifiable with a validated method, which we discuss in more detail below.
In order to be the most health protective, the validated method for measuring individual PFAS
should be conducted following an oxidation step in which PFAA precursors are oxidized to
terminal PFAAs. At a minimum, a pre-oxidation step should be performed prior to a targeted
analysis. It may not be necessary to perform targeted testing prior to the oxidation step (as is
routinely done in the TOP assay) unless Vermont deems understanding the amount of
precursor present in every sample important. This approach would reduce the cost of testing
while providing the benefit of capturing a more accurate level of PFAS in water. It is important
to note that the technology to achieve Prong 2 is currently available, therefore ANR
should move forward in setting this health protective approach immediately.
In the Review Team’s evaluation of the TOP assay, it stated,
The TOP assay is “not indicative of environmental conditions, non-standardized, telomer-based
short chain precursors biased low, larger molecular weight compounds may not be captured.”
● It is correct that the TOP assay is not fully indicative of environmental conditions.
However, because Approach 1 recognizes all PFAS as concerning for public health
(including PFAA precursors themselves), the goal is not to precisely replicate
environmental breakdown of PFAA precursors but rather to estimate precursor content
in a sample. Importantly, the TOP assay does not generate MORE PFAS than what is
already in a sample. Instead, the TOP assay makes the invisible, or not-tested for, PFAA
precursors visible as terminal PFAA oxidation products, several of which are measured
in currently available analytical tests.
“As TOP Assay is a qualitative technique and not a multi-laboratory verified method, there is a
lot of variability in results and interpretation of data.”
● The source of variability in results from the TOP assay comes mainly from differences in
organic content from sample to sample, which can result in incomplete oxidation of a
sample. Drinking water samples are not expected to have a lot of variability in the
amount of organic matter, beyond PFAS, that would interfere with precursor oxidation.
Reproducibility can be addressed by making sure the sample is well oxidized. When
developing the pre-oxidation protocol that laboratories should follow, ANR can address
this issue by overestimating the amount of oxidizing agent needed for drinking water and
groundwater samples. Specifying how the pre-oxidation step is performed should not be
beyond the technical abilities of ANR.
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“Due to the process, this technique may provide false positives or skew the data high as
compared to environmental conditions.”
● This possibility should be balanced with the possibility of retention and eventual
conversion of precursors into PFAAs in the body. Metabolism of PFAA precursors has
been shown to occur - the extent to which this occurs is not fully understood, but may
skew the data from US EPA Method 537.1 or 533 low as compared to the amount of
PFAAs a person is ultimately exposed to.11, 35, 36 In addition, without a pre-oxidation step
or another more comprehensive test such as TOF or TOP, estimates of exposure are
highly likely to skew low as compared to the total PFAS people are being exposed to.
“This technique would be used more as a screening tool and no standards are available to
compare to.”
● Under the approach proposed in these comments, we recommend analysis of oxidized
samples with a validated targeted analytical method, negating the need for additional
standards to be developed or made available.
It is also important to note that many water providers find that they ultimately need to conduct
one or both of these tests, the TOF and TOP assay, in order to better understand the kinetics of
how a proposed treatment technique to remediate PFAS-contaminated water will operate.
Better knowledge about the total amount of PFAS or TOF in a water system allows water
providers to estimate how long treatment media will last before breakthrough occurs, thereby
giving water providers more accurate data for budgeting and planning.
There are several targeted analytical methods for ANR to consider, including US EPA Method
537.1, US EPA Method 533, or user defined 537-modified methods (537-M). There are no
inherent differences in reporting limits among these three methods, and many labs can reliably
report at 2 ppt for most PFAS and 5 ppt for the rest. US EPA Method 537.1 measures 18
specific PFAS and US EPA Method 533 measures 25 specific PFAS. There are 14 PFAS in
common between the two methods. US EPA Method 533 is a newer method and includes
several short-chain PFAS, including PFBA, PFPeA, and PFPeS, reflecting observed changes in
PFAS use. These two drinking water validated methods are unique, requiring separate sample
preparations and cannot be combined into a single analysis.
537-M methods have been developed by various labs for the targeted analysis of PFAS in
potable, non-potable and solid matrices, including those compounds identified with US EPA
Methods 537.1 and 533 and more. Because these are user defined methods, there is not a
standard method and there is a possibility that methods would vary from lab to lab. However,
the Department of Defense (DoD) relies upon these user defined methods for testing of nonpotable water and solid matrices at military sites. In order to ensure consistent and comparable
data are being generated across program labs, the DoD established quality assurance criteria
for PFAS in Table B-15 of the DoD QSM (Quality Systems Manual). 37 With the lack of federal
standards, these criteria are generally considered the gold standard. Several labs across the
country are certified by DoD to meet these criteria. Because of its acceptance and use by DOD,
several states (CA, NH, and CO) are already using 537-M in compliance with DoD criteria. An
added benefit of using this approach is that any data collected is consistent and comparable
with data collected by DoD.
537-M methods are capable of reliably quantifying more individual PFAS than either US EPA
verified drinking water method alone or in combination. Furthermore, they have the added
advantage of being able to analyze PFAS in both US EPA Methods 537.1 and 533 with the
same test, reducing the costs required to analyze these PFAS by approximately half. Eurofins,
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along with several other labs, can reliably quantify up to 40 PFAS using the 537-M following
DoD criteria. In addition, 537-M methods are appropriate for use across a wide range of
matrices beyond drinking water (including in groundwater, soil, sludge, leachate, and biosolids).
Given the above reviewed information, ANR should:
● Employ 537-M following DoD criteria for a pre-specified number of PFAS no less
than those that are covered by US EPA Methods 537.1 and 533. Should ANR choose
not to use 537-M following DOD criteria, the agency should at a minimum use US EPA
Method 533;
● Set a combined standard at the lowest, most health protective level achievable
given current technical limitations (current reporting limits are from 2-5 ppt).
Considering the information provided on the known and potential harm of PFAS, and the
fact that ANR has already set the maximum contaminant level goal (MCLG) at zero for
the five PFAS it is currently regulating, it is logical to set a standard as close to zero as
technically possible;
● Regardless of which analytical technique for individual PFAS is chosen, ANR
should require a pre-oxidation step to be performed.
The approach that we have outlined here is the most cost effective and health protective
approach for regulating PFAS as a class in the long term. A socioeconomic analysis of
environmental and health impacts linked to exposure to just a subgroup of PFAS (C4-14 nonpolymer fluorosurfactants) demonstrated that the cost of inaction on these PFAS is greater than
the cost of remediating PFAS-contaminated water.38 The potential long-lasting harm the full
class could have on public health and the environment is likely far greater. Furthermore, the
more piece-meal PFAS regulations are, the greater potential for increased cost and resource
requirements. For example, the current trend suggests that there will be a continual need to set
new regulations as more and more PFAS are demonstrated to put the public at risk. There is
also the likelihood of water systems investing in treatment technology that will not be sufficient
for regulations set in the future (e.g. some treatment technologies are not well suited for
capturing short-chain PFAS). As we have stated previously, PFAS pose a unique and serious
problem; thus, novel approaches are urgently needed for addressing PFAS exposures.
Approach 2: Regulate Specific Subclasses of PFAS Based on Intrinsic Properties or Technical
Capabilities
Several different subclass-based options for regulating PFAS have been proposed or put in
place, as outlined above, many of which the Review Team did not cover in its analysis. Please
refer to Cousins et al., (2020) and the other resources provided in these comments for further
details.8 Although subclass-based approaches are not as health protective as Approach 1, they
will provide greater health protections than Vermont’s current health advisory.
In the Advanced Notice, the Review Team stated:
“There are no existing templates from peer-reviewed and authoritative sources on how to
regulate PFAS as a subclass.”
● Though it was not available at the time that the Review Team met and prepared the
advanced notice, a recent paper from Cousins et al., (2020) does exactly this. This
paper summarizes nine different approaches for grouping PFAS based either on their
intrinsic properties or those that estimate cumulative exposure and/or health effects (see
Figure).8 The extent that these approaches are already in use in regulatory contexts
throughout the world is discussed.
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“Not all of the 4,000+ PFAS are detectable with current analytical methods.”
● This is true, however, alternative methods, such as TOF and TOP, greatly increase our
ability to protect drinking water and ground water from PFAS. Furthermore, as detailed
above, laboratories across the country are already reliably quantifying up to 40 individual
PFAS using 537-M following DoD criteria.
“This approach could lead to the need to regularly update regulatory levels for PFAS in various
media as the scientific support for new groupings or changes in relative biological potency in
PFAS become available.”
● This is assuming that subclasses are based on biological potency. There are other
grouping opportunities available as discussed in Cousins et al. (2020). 8
● The fact that regular review is required for this approach should not be used as
justification for delaying putting in place necessary health protections. To the contrary, in
order to meet its mandate to protect the public from dangerous chemicals in drinking
water, the Agency and Department of Health should be expected to regularly review and
revise standards to keep pace with new scientific and technical information.
“No peer-reviewed authoritative bodies have published TEQs to evaluate PFAS as a class.”
● RIVM has derived relative potency factors (RPFs) for 19 PFAAs, including PFOA and
PFOS, and selected PFOA as the index chemical to extrapolate to other PFAAs. 19
“Some regulatory programs may be using TEQ for the first time, and there would be a learning
curve involved with this approach. Potential for conflicting goals based on impacted sensitive
receptor (fish tissue vs.human child).”
● The fact that agency staff will have to learn new approaches is simply not a sufficient
justification for failing to put in place necessary health protections. The benefits of
removing additional PFAS from drinking water will far outweigh the impact to the agency
associated with training agency staff.
Regulating PFAS based on subclasses is an alternative, more health protective, approach than
currently used by ANR. However, the possibilities of applying these methods were not fully and
adequately explored by the Review Team.
Approach 3: At Minimum, Expand Currently Utilized Additive Approach
At the very minimum, ANR should expand the number of PFAS included in its combined
drinking water and ground water standard for PFAS. It is important that the combined
standard include all PFAS that are currently reliably quantified and should be set at the
most health protective level currently achievable given current technical limitations. The
merits of US EPA Methods 537.1 and 533 and 537-M methods are described in Approach 1,
Prong 2, above; as outlined, 537-M following DoD criteria is preferable to US EPA Methods
537.1 and 533. Should ANR choose not to use 537-M following DOD criteria, the agency should
at a minimum use US EPA Method 533. Furthermore, the risk assessment used by ANR to
establish its 20 ppt combined standard is outdated and does not reflect the MCLG of zero set by
ANR and the more recent science and analyses that show the need for a significantly stricter
standard.
In 2016 ANR set an enforceable drinking water health advisory for PFOA and PFOS based on
available toxicity data and risk assessments for each chemical (EPA derived Reference Dose
for PFOA and PFOS with infant drinking water exposure parameters). In 2018, ANR added
PFHpA, PFNA, and PFHxS to this standard based on similarity to PFOA and PFOS, stating that
these three additional PFAS met the criteria outlined by Vermont Department of Health. 39 The
15

Vermont Department of Health provides the following guidance for grouping chemicals when no
toxicity values are available:
“For chemicals that do not have established toxicity values from authoritative sources but are
part of a group of chemicals in which one or more chemicals do have toxicity values, a single
Health Advisory may be developed that is applicable to the sum of multiple contaminants,
including chemicals that do not have toxicity values. This process is followed when the following
four conditions are met:
1. The chemical or group of chemicals is found or being investigated in Vermont,
2. The chemicals are sufficiently similar,
3. The chemicals are often found together, and
4. The chemicals elicit similar health effects.”39
Firstly, we note here that states have already conducted risk assessments for PFAS that are not
currently part of Vermont’s combined standard including: PFBA, PFPeA, PFHxA, PFDA,
PFUnA, PFDoA, PFTA, PFTrDA, PFBS, PFDS, PFOSA, and HFPODA (GenX) (Table 1). Thus,
established toxicity values do exist for additional PFAS beyond the five currently regulated in
Vermont, many of which also meet the 4 conditions listed by Vermont Department of Health.
In the Advanced Notice, the Review Team “determined that at the current time it is not feasible
to regulate PFAS as a Class, other than the five compounds presently regulated to the healthbased standard.” However, we disagree and see no reason why ANR cannot add the additional
PFAS covered in targeted analytical methods to the existing combined standard in order to
increase health protections for Vermont residents (Table 1). This is based on:
1. “The chemical or group of chemicals is found or being investigated in Vermont”
 All of the chemicals evaluated with US EPA Method 537.1 are currently being
investigated in Vermont. Importantly, PFHxA, PFBS, HFPODA, NEtFOSAA, and
NMeFOSAA have been detected in Vermont drinking water. Further, there are many
PFAS that have not yet been investigated, so one cannot say with certainty that
additional PFAS do not occur in Vermont drinking water. In addition, PFBA, PFPeA,
PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUnA, PFDoA, PFTA, PFTrDA, PFBS, PFPeS,
PFHxS, PFHpS, PFDS, PFDoS, PFOSA, NEtFOSAA, NMeFOSAA, 4:2 FTS, 6:2 FTS,
and 8:2 FTS have been found in other environmental media in Vermont (leachate,
sludge) (Table 1).
2. “The chemicals are sufficiently similar:” To this point, the Review Team stated that “The
Vermont grouping process is still a one-by-one approach and has been applied as
supported by science. Limited data currently exists upon which to allow for the inclusion of
additional PFAS.”
 As outlined above, there is ample scientific support to consider all PFAS as a class and
for inclusion in ANR’s regulations. Further, no definition of “sufficient” similarity is
provided in the memo dated May 3, 2019.39 As detailed above, the PFAS quantified with
US EPA Methods 537.1, 533, and 537-M also belong to the PFAS family, share similar
chemical structures and attributes and therefore can be considered sufficiently similar.
3. “The chemicals are often found together.”
 Several of the PFAS detected with US EPA Method 537.1 were found together in the
drinking water with PFAS that are currently regulated in Vermont. Furthermore, many of
the PFAS monitored for in Vermont’s leachate and sludge occur together with the PFAS
currently regulated in Vermont. Although some of these have yet to be detected in
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Vermont’s drinking water, it will only be a matter of time before these PFAS will affect
drinking water given their high mobility in the environment.
4. “The chemicals elicit similar health effects.”
 The Review Team did not evaluate whether or not additional PFAS, including those
evaluated with US EPA Methods 537.1, 533, and 537-M elicit similar health effects to
currently regulated PFAS. Similarities for a number of individual PFAS have already
been noted (Table 3).1, 40
Table 3. Summary of ATSDR’s Findings on Health Effects from PFAS Exposure
Immune

Developmental
Reproductive

Lipids

Liver

Endocrine

&

Body
Weight

Blood

e.g. decreased
e.g. increases in
e.g.
e.g.
e.g. decreased
antibody
serum lipids,
increases in increased
red blood cell
e.g. pregnancye.g.
response,
particularly total
serum
risk of thyroid decreased
count,
induced
decreased
cholesterol and
enzymes
disease,
decreased
hypertension/prebody weight
response to eclampsia, decreased
low-density
and
endocrine
hemoglobin and
vaccines,
lipoprotein
decreases in disruption
hematocrit levels
fertility, small
increased risk of decreases in birth
serum
asthma
bilirubin
weight,
diagnosis
levels
developmental toxicity

PFOA

x

x

x

x

x

x

x

PFOS

x

x

x

x

x

x

x

PFHxS

x

x

x

x

PFNA

x

x

x

x

x

x

PFDeA

x

x

x

x

x

x

PFDoA

x

x

x

x

PFUA

x

x

x

x

PFHxA

x

x

PFBA

x

x

PFBS

x

x

x
x

x

x
x

This table summarizes ATSDR’s findings on the associations between PFAS exposure and
health outcomes in human and animal studies (not an exhaustive list of health outcomes,
includes both “serious” and “less serious” effects, as defined by ATSDR). Note x’s in black
represent PFAS for which ATSDR considers their liver effects to be specific to animals.
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EPA has published health assessments for HFPODA (GenX) and PFBS, highlighting
their similarity to PFOA, PFOS, and other PFAS, and is in the process of conducting
similar reviews on PFBA, PFHxA, and PFDA. Further, there exists a growing body of
evidence for these PFAS.41, 42 We and others are working to build an online, interactive,
database of the existing health and toxicological data for 29 PFAS of emerging
concern.43 Though the process is ongoing, we have identified numerous human
epidemiological, experimental animal, and mechanistic and/or in vitro studies for the
majority of PFAS included in US EPA Method 537.1, indicating the presence of more
than “limited data.”
For example, though our analyses based on literature searches conducted in PubMed in
May 2019 are still ongoing, we have already identified at least:
○ 232 studies on PFDA (detected in Vermont’s leachate/sludge)
○ 124 studies on PFUnA (detected in Vermont’s leachate/sludge)
○ 91 studies on PFDoA (detected in Vermont’s leachate/sludge)
○ 73 studies on PFBS (detected in Vermont’s water and leachate/sludge)
○ 47 studies on PFHxA (detected in Vermont’s water and leachate/sludge)
○ 38 studies on PFTrDA (detected in Vermont’s leachate/sludge)
○ 35 studies on PFBA (detected in Vermont’s leachate/sludge)
○ 28 studies on PFTA (detected in Vermont’s leachate/sludge)
○ 19 studies on PFHpS (detected in Vermont’s leachate/sludge)
○ 12 studies on NMeFOSAA (detected in Vermont’s water and leachate/sludge)
○ 9 studies on NEtFOSAA (detected in Vermont’s water and leachate/sludge)
○ 8 studies on HFPODA (GenX; detected in Vermont’s water)
○ 3 studies on 6:2 FTSA (detected in Vermont’s leachate/sludge)
○ 2 studies on ADONA
In further outlining why the Review Team determined it could not regulate additional PFAS
beyond the 5 that are currently regulated, the team noted that:
“As detection levels change it makes it difficult to determine what reported concentration should
be included in the total concentration detected for a sample location. There are currently
methods to analyze for 18 (USEPA 537.1) to 25 (USEPA 533) of the 4,000 PFAS.”
● We expect new validated methods to be continually developed as interest in PFAS
continues to grow. This, however, is not a justifiable reason to delay health protective
regulation. This problem is not unique to regulating PFAS as a class using a combined
standard. Rather, Vermont should plan to consistently reevaluate the available
technology to assess if greater health protections can be provided to the state’s
residents.
“This approach could lead to the need to regularly update regulatory levels for PFAS in various
media as the level of scientific support for grouping additional PFAS becomes available. This
method also may need a significant level of outreach and education to stakeholders to gain
acceptance for this method because of the increased costs for regulatory entities. This method
is also complicated and labor intensive when evaluating new compounds to include in this
strategy.”
● The fact that regular review is required for this approach or that regulated entities could
incur costs should not be used as justification for delaying putting in place necessary
health protections. To the contrary, in order to meet its mandate to protect the public
from dangerous chemicals in drinking water, ANR and the Department of Health should
regularly review and revise standards to keep pace with new scientific and technical
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information. In addition, it is not appropriate for ANR to delay rules due to the economic
impacts to public water supply operators. Further, the Review Team did not include
discussion of the significant avoided costs and benefits associated with removing
additional PFAS from drinking water.
Public water systems (PWS) in Vermont were recently tested using US EPA Method 537.1 and
107 of 700 tested PWS had detectable levels of one or more PFAS. We compared the levels of
detection in Vermont PWS to Vermont’s existing combined standard for 5 PFAS and to the
approach that we propose here to, at a minimum, expand the currently utilized additive
approach at a more health protective, stricter level:
●
●

●

●

Under Vermont’s existing combined standard of 20 ppt for 5 PFAS (PFHpA, PFOA,
PFNA, PFHxS, PFOS), residents from only 19 of the 107 PWS with detectable PFAS are
protected.
If a combined standard for the 18 PFAS on US EPA Method 537.1of 20 ppt were applied
to Vermont’s PWS, residents from 27 of the 107 PWS would be protected. This finding is
largely driven by the detection of PFHxA, PFBS, HFPODA, NETFOSAA, and
NMEFOSAA.
If a lower combined standard for the 18 PFAS on US EPA Method 537.1 of 10 ppt were
applied to Vermont’s PWS, which reflects more recent science and risk assessment
work from states such as New Hampshire, New Jersey and Michigan, residents from 41
of the 107 PWS would be protected.
If a lower combined standard for the 18 PFAS on US EPA Method 537.1 of 2 ppt were
applied to Vermont’s PWS, which reflects Vermont’s MCLG of zero for the PFAS it is
regulating now, along with more recent science and risk assessment work from
California’s Office of Environmental Health Hazard Assessment, the European Food
Safety Agency, and the work of prominent PFAS scientists, residents from all 107 of the
PWS would be protected.16, 40, 44-46

It should be noted that using US EPA method 533 or 537-M methods that incorporate more
PFAS will provide greater health protections to Vermont residents. 537-M methods have the
added advantage of being able to analyze PFAS in both US EPA Methods 537.1 and 533 with
the same test, reducing the costs required to cover these PFAS by approximately half. As
outlined here, adding the additional PFAS quantifiable with US EPA Methods 537.1, 533,
or 537-M methods to a combined standard, is not only scientifically defensible, but also
more health protective. Given the advantages of using 537-M following DoD criteria, ANR
should use this method for a pre-specified number of PFAS no less than those that are
covered by US EPA Methods 537.1 and 533 combined.
Furthermore, as noted before, ANR has already set a MCLG of zero for the 5 PFAS currently
under regulation. A MCL should be set as close to the MCLG as technically feasible, yet
Vermont’s current standard is set at 20 ppt, above what is achievable both in terms of
monitoring and treatment capabilities. Any standard set by ANR must be set at the most
health protective level currently achievable given current technical limitations. Finally, for
all of these approaches, ANR should review these rules every two years and revise drinking
water protections for PFAS to ensure standards reflect the latest scientific and technical
information.
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Conclusions
The current approach of only regulating individual PFAS or small groups of PFAS is the most
resource intensive and least health protective. Under the current chemical-by-chemical
approach, the amount of data needed to sufficiently regulate all individual PFAS is
overwhelming, and for each PFAS includes several animal studies conducted for various
lengths of time in multiple species and is exceedingly expensive and subject to factors beyond
the control of the state agency. Yet the science shows that we must act now to protect public
health, and Vermont’s legislature has requested the state find a way forward to regulate PFAS
as a class. We have provided many options for ways in which to do so.
In addition to making great strides in protecting public health, the approaches outlined here also
include several cost saving measures that ANR should take note of: 1) water utilities may
ultimately perform TOF or TOP to determine the total PFAS in a water system to support
planning and budgeting activities, therefore this suggestion may not add a further cost burden;
2) we have suggested using a modified TOP assay that does not require targeted analysis prior
to the oxidation step, reducing testing costs by half; 3) our suggestion to utilize 537-M following
DoD criteria is more cost efficient than preparing two samples to be run with US EPA Method
537.1 and US EPA Method 533 while providing results on a larger number of individual PFAS.
The environmental and public health threat of PFAS contamination and exposure is growing.
Waiting until the perfect solution is available unnecessarily delays needed safeguards to protect
public health. As NAS stated in its 2009 report Science and Decisions: “The design of a risk‐
assessment process should balance the pursuit of individual attributes of technical quality in the
assessment and the competing attribute of timeliness of input into decision‐making.” 47
Decisions delayed are health protections denied. We urge ANR to move quickly to consider and
incorporate our recommendations, so that critical public health protections can be enacted in a
timely manner.
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