From:
Sent:
To:
Cc:
Subject:

Tom Cambareri <tomcambareri@gmail.com>
Wednesday, January 16, 2019 9:20 AM
Director-DWP, Program (DEP)
Mark Ells; Daniel Santos; Hans Keijser; Cheryl Osimo; capedeb20@comcast.net; Laurel
Schaider; e-info@clf.org
PFAS PETITION MEETING

Dear Mr. Suuberg,
I am a Hydrogeologist and LSP practicing in the Hyannis area. I managed the Barnstable County Fire Training Academy
Immediate Response Action Plan and assisted the DEP‐SERO and the Town of Barnstable in dealing with the chaos of the
newly discovered PFAS concentrations in groundwater and public water supply wells.
I am writing to support the tack that the Department has taken for PFAS for drinking water protection. The Department
has used the EPA Health Advisory of 70 ppt as a surrogate for a MCL to take action and encourage communities to
obtain alternative sources of water and/or provide treatment. These actions have protected public health.
In regards to lowering the advisory or MCL to 20 ppt, the Department has not invested adequate research into the
overall distribution of PFAS in Air, Soils and Water of the Commonwealth. Based on the work I have been engaged in, I
have seen low levels of PFAS in soils and groundwater where there are no obvious upgradient sources. We need to
determine overall extent of PFAS sources prior to forcing towns and water suppliers to bear the brunt of the
ramifications of a lowered MCL.
I say this because the Department, has not taken forthright action to cease activities at the Barnstable County Fire
Training Academy. The BFTA has the highest concentrations of PFAS in groundwater and soils, including the
contamination of Flintrock Pond at over 1,000 ppt. The site and its septic system is 1,500 ft directly upgradient of the
Hyannis Water Supply wells. The Department has been reluctant to take decisive action and allowed training activities
that exacerbate groundwater contamination to continue leaving an EJ community to fend for itself.
I urge the Department to follow through on the adoption of cleanup standards in the MCP for groundwater and soil. As
an LSP, we have been hearing about the imminent adoption of these standards by the Department for nearly a year. The
Department and the Commonwealth need the MCP standards to strengthen its resolve to apply science based decisions
so appropriate actions can be taken to cleanup our most severely contaminated sites.
I also urge the Department to provide formal accounting of discussions with the State Public Safety Officials on the use
and standard operating procedures for Fire Fighting foams on Sole Source Aquifers.
Tom Cambareri
62 Joan Road
Centerville, MA 02632
508‐364‐2644
tomcambareri@gmail.com
Sent from Mail for Windows 10
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From:
Sent:
To:
Subject:

MatthewBrennan@weymouth.ma.us
Wednesday, January 16, 2019 9:40 AM
Director-DWP, Program (DEP)
PFAS Petition Feedback

As a member of the Weymouth Health Department, I believe PFAS in drinking water should be regulated by the MA DEP.
Previous land use within the Town of Weymouth includes a Navy Base which has caused high levels of PFAS within the
environment. Without such regulation, the people’s health in these areas affected by PFAS will be negatively impacted.
Matthew Brennan, R.S.
Assistant Health Director
Weymouth Health Department
75 Middle Street
Weymouth, MA 02189
T: (781) 340‐5008
F: (781) 682‐6112

This email and any files transmitted with it are privileged, confidential and intended solely for the use of the
individual or entity to which they are addressed. If you have received this email in error please notify the sender
immediately and delete this e-mail from your system. You should not disseminate, distribute or copy this email. Please note that any views or opinions presented in this email are solely those of the author and do not
necessarily represent those of the Town of Weymouth. Finally, the recipient should check this email and any
attachments for the presence of viruses. The Town of Weymouth accepts no liability for any damage caused by
any virus transmitted by this email.
Town of Weymouth, 75 Middle Street, Weymouth, MA, 02189
www.weymouth.ma.us

1
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President
Thomas Schwartz
Portland, ME
Treasurer
Andrew Carpenter
Belfast, ME
Secretary
Isaiah Lary
Lewiston, ME

Douglas E. Fine
Assistant Commissioner, Bureau of Water Resources
Massachusetts Department of Environmental Protection
One Winter Street
Boston, Massachusetts
delivered by email to: program.director-dwp@mass.gov
January 15, 2019

Charles Alix
Westford, MA

Greetings,

Cheri Cousens
No. Andover, MA

Thank you for the opportunity to provide feedback regarding the Conservation
Law Foundation (CLF) petition regarding establishing treatment technique limits
for per- and polyfluorinated alkyl substances (PFAS) in drinking water.

Michael Hodge
Concord, NH
Chris Hubbard
Wakefield, RI
Michael Lannan
Waltham, MA
Lise LeBlanc
Mount Uniacke, NS
Deborah Mahoney
Boston, MA
Arthur Simonian
Cromwell, CT
Joshua Tyler
Williston, VT

NEBRA and our public wastewater utility members and other members have been
tracking and proactively addressing the concerns related to PFAS for the past two
years. Because all water is interconnected, we collaborate with numerous water
quality professionals and organizations – including drinking water stakeholders. As
Massachusetts and other states wrestle with how to address ubiquitous PFAS
chemicals in the environment, we are paying close attention to the setting of
numerical screening, guidance, and enforcement standards for drinking water,
groundwater, surface water, and soils. Because of the ubiquitous use of PFAS and
the innumerable sources of releases to the environment, establishing limits in
waters and soils can have unintended consequences and costs affecting more
than just drinking water systems. It is for this reason that we urge the MA
Department of Environmental Protection (MassDEP) to proceed cautiously in
response to the CLF petition.

NEBRA is attending the public hearing on this matter, which is being held January
16, 2019. We welcome the opportunity to hear further from CLF and other
stakeholders. We concur with CLF’s concern about protecting drinking water
quality and public health. That is our members’ core focus in their work, 24-7365. However, we also observe the ongoing debate about the level of health impacts of various PFAS
chemicals. Clarity and consensus are lacking; for examples, see the 2018 report of the Australian Expert
Health Panel (2018) and the levels of uncertainty expressed in ATSDR’s Toxicity Profiles (2018) and U. S.
EPA’s response to the New Jersey Drinking Water Quality Council.
Mark Young
Lowell, MA

We also note the considerable divergence of responses to PFAS drinking water concerns on the part of
other states and jurisdictions. Very few states have set standards; most are applying the U. S. EPA public

health advisory level of 70 ppt as they investigate and track this issue. Canada Health just finalized PFOA
and PFOS drinking water limits of 200 and 600.
We remain uncertain about the level of urgency around the PFAS issue. Given the considerable and
growing attention to this issue, and the phase-out of two of the most ubiquitous and concerning PFAS
(PFOA and PFOS), we note that the threats posed by PFAS are already diminishing. Data compiled by
federal agencies and states show declining levels of PFOA and PFOS in human blood serum, in wastewater,
and in other matrices. Our peak human exposures to at least those two chemicals are in the past.
We concur with and support state actions that focus on the very high levels of PFAS found at sites impacted
by direct industrial and fire-fighting discharges, where drinking and other waters are impacted in the
hundreds and thousands of parts-per-trillion (ppt) range. Taking proactive, precautionary steps to reduce
human exposures and risks from such high levels of PFAS is appropriate. And taking steps to reduce further
releases and control sources also make sense. Thus, in the wastewater realm, we support efforts to
identify any significant wastewater PFAS discharges and apply industrial pretreatment protocols.
However, we urge caution in attempting to address small-scale PFAS releases and setting numerical
standards for drinking water or other waters more stringent than U. S. EPA’s public health advisory levels
(PFOA + PFOS of 70 ppt). Such actions may have unintended, costly repercussions. Data show that many
wastewaters, groundwaters, and surface waters have several to low tens of parts per trillion PFAS. The
costs of treatment or remediation of these ubiquitous trace contaminations will be real and significant, if
numerical standards are set in the 20 ppt level or lower, as CLF recommends. We are not convinced that
there are demonstrable societal and public health benefits of setting such low regulatory or screening
levels. And we are concerned that many of the costs of addressing low contamination levels will fall not
only on drinking water systems, both public and private, but also on municipal wastewater management
systems and other public systems that are already challenged by funding shortfalls and increasing
regulatory pressures.
Establishing a treatment technique, which appears to be a flexible process, could focus action on
addressing the most egregious contamination issues associated with industrial and fire-fighting releases of
PFAS. That would be good. As CLF suggests, this may be preferable to establishing MCLs for individual
chemicals. However, an important aspect of setting formal MCLs is that the process includes consideration
of feasibility, costs, and benefits. (One feasibility factor of note is the fact that no U. S. EPA-approved
analytical method yet exists for waters other than drinking water or for solids). These are important
considerations when public funds are being expended, and we urge MassDEP to address them, as the
agency takes actions on PFAS.
Finally, we disagree with CLF’s recommendation of immediately setting a PFAS drinking water limit at 20
ppt. There remains too much uncertainty on the public health impacts of various PFAS, and numerous
conservative, protective, uncertainty factors were already applied in the formal process of establishing U. S.
EPA’s health advisory level of 70 ppt. Adding more vague uncertainty factors – just out of excess
precaution – is unscientific. For the same reasons, we disagree with the concept of lumping all PFAS
together. Among the PFAS chemicals, there are significant, known differences in the human half-lives,
persistence, bioaccumulation, and other key parameters. Already, MassDEP’s combination of five PFAS in
its screening level of 70 ppt, adopted in 2018, is random and represents the inclusion, in a non-transparent
way, of yet another uncertainty factor in the risk calculation.

We urge MassDEP to consider the feasibility, costs, and benefits of whatever actions are taken to address
PFAS in drinking water and other waters and soil. Municipalities and public utilities and ratepayers will
likely have to bear a sizable proportion of the costs involved in meeting whatever standards are adopted.
MassDEP needs to be aware – upfront – of these costs and the implication for communities around the
Commonwealth.
And we urge MassDEP and other stakeholders to put emphasis and take actions on source reductions and
controls on uses of any persistent chemicals of concern. Avoiding uses of chemicals of proven public health
concern is the most cost-efficient way of reducing risk to public health, protecting drinking water, and
protecting wastewater and the environment.
Thank you for this opportunity to provide input. We welcome further discussion and working
collaboratively to address the public health concerns and policies related to PFAS.
Sincerely,

Ned Beecher
Executive Director

The North East Biosolids and Residuals Association (NEBRA) is a 501(c)(3) non-profit professional association
advancing the environmentally sound and publicly supported recycling of biosolids and other organic residuals in New
England, New York, and eastern Canada. NEBRA membership includes the environmental professionals and
organizations that produce, treat, test, consult on, and manage most of the region’s biosolids and other large volume
recyclable organic residuals. NEBRA is funded by membership fees, donations, and project grants. Its Board of
Directors are from CT, MA, ME, NH, VT, and Nova Scotia. NEBRA’s financial statements and other information are
open for public inspection during normal business hours. For more information: http://www.nebiosolids.org.

January 16, 2019
Douglas E. Fine
Assistant Commissioner, Bureau of Water Resources
Massachusetts Department of Environmental Protection
1 Winter Street
Boston, MA 02108
A.M. Yvette DePeiza
Program Director, Drinking Water Program
Bureau of Water Resources
Massachusetts Department of Environmental Protection
1 Winter Street
Boston, MA 02108
Subject: PFAS Petition Feedback
Dear Mr. Fine and Ms. DePeiza:
The LSP Association (LSPA) very much appreciates the opportunity to participate in the process
of providing feedback on the “PFAS Petition” submitted to MassDEP by the Conservation Law
Foundation and Toxics Action Center. Representatives of the LSPA will attend the meeting and
listen carefully to the presentations as we all grapple with the complex public health issues posed
by Per- and Polyfluoroalkyl Substances (PFAS). We understand the potential public policy and
public health concerns associated with this class of compounds.
The LSPA is the non-profit professional society for Licensed Site Professionals (LSPs), the
environmental consultants licensed by the LSP Board of Registration to oversee the investigation
and remediation of hazardous waste sites in Massachusetts, and for other professionals
(attorneys, laboratory personnel, contractors, etc.) involved in these activities. Through
education, dissemination of information, and advocacy, we work to help our nearly 850 members
achieve and maintain high standards of practice in overseeing the assessment and remediation
of hazardous waste sites. The LSPA works closely with MassDEP’s Bureau of Waste Site Cleanup
(BWSC) in all aspects of waste site assessment and remediation, we participate in policy
development workgroups, and we provide input and comment on draft guidance and regulations.
As MassDEP takes its next steps in the regulation of PFAS, the LSPA will continue to actively
participate and share our expertise as a key stakeholder in policy development discussions and
workgroups, and provide input and comment on draft guidelines, guidance, and regulations. We

agree that, as articulated in the petition, “a robust stakeholder process” should be part of any
rulemaking.
Independent of the petition, we encourage MassDEP to take a holistic approach to information
sharing and regulation of PFAS across its many programs. The BWSC’s invitation of stakeholders,
including the LSPA, to this meeting is a good first step. In addition, we recommend that MassDEP
approach PFAS through a comprehensive and cohesive regulatory framework, similar to that set
forth in the Massachusetts Contingency Plan (MCP, 310 CMR 40.0000). This would include
thoughtful consideration not only of drinking water standards and treatment technologies, but
also PFAS source reduction and control; methods to define the nature and extent of PFAS
contamination; risk-based criteria for groundwater, surface water, soil and sediments;
comparative assessment of remediation alternatives; evaluation of the cost effectiveness and
financial burden of various approaches, and transparent, effective community relations and risk
communication.
Ultimately, we anticipate that an integrated and comprehensive approach to regulating these
compounds will be required in order to provide appropriate protection of public health, welfare,
and the environment. Thank you again for the opportunity to provide our thoughts in advance of
the public meeting.
Sincerely,
LSP Association, Inc.

Marilyn M. Wade, PE, LSP
President

Wendy Rundle
Executive Director

cc:
Commissioner Martin Suuberg, MassDEP
Paul Locke, Assistant Commissioner, MassDEP Bureau of Waste Site Cleanup

	
  

January 16, 2019
Written Comments re: “Petition for Rulemaking to Establish a Treatment Technique Drinking
Water Standard for Per- and Polyfluoroalkyl Substances”

Dear Commissioner Suuberg,
Thank you to the Massachusetts Department of Environmental Protection for hosting today’s
meeting to discuss the important topic of PFAS drinking water guidelines.
My name is Laurel Schaider and I am a research scientist at Silent Spring Institute, where we
have been studying PFASs in drinking water since 2009. I am also part of the research team for
the STEEP Superfund Research Program, a collaboration of the University of Rhode Island,
Harvard University, and Silent Spring Institute. I would like to share some information and
perspectives based on our own research and on approaches used by other states and federal
agencies in developing guidelines for PFASs in drinking water.
PFAS contamination of drinking water supplies is widespread, and the full extent of
contamination is not yet known. Silent Spring Institute was first to detect PFASs in drinking
water on Cape Cod. In our 2010 study of public wells,1,2 we found PFOS in 40% of the public
wells we tested, and the highest levels in the Hyannis Water System. In our 2011 study of
private wells,3,4 we found PFASs in half of the wells we tested throughout Cape Cod, including
both legacy PFAS compounds, like PFOS, and newer replacement PFAS compounds, like PFBS
and PFHxA.
Across the Commonwealth, the full extent of PFAS contamination in public drinking water
supplies is unknown. In the absence of an enforceable standard at the state or federal level,
public water supplies are not required to monitor PFASs on a routine basis. From 2013-2015,
large public water supplies in Massachusetts, those that serve at least 10,000 customers, were
required to test for six PFASs as part of the third cycle of U.S. EPA’s Unregulated Contaminant
Monitoring Rule. That testing revealed PFASs in five public water supplies, out of the 170 that
were tested through this program. However, the reporting limits for the individual PFAS
chemicals were relatively high—ranging from 10 to 90 ng/L—well above the lowest levels
measurable by some labs, and in some cases higher than drinking water guidelines developed by
states. In other words, additional public water supplies in Massachusetts may have PFAS levels
that exceed the current Massachusetts ORSG but did not need to be reported.
Indeed, a 2017 re-analysis of the data collected under UCMR by one of the major analytical
laboratories, Eurofins Eaton Analytical, found that over 40 public water supplies in
	
  

	
  

Eurofins Eaton Analytical,
which analyzed 30% of
samples nationwide tested
through EPA’s UCMR3
program (2013-2015),
reported the number of public
water supplies with detectable
concentrations of PFOS and
PFOS using a method
reporting limit of 5 ng/L.
According to this re-analysis,
over 40 public water supplies
in Massachusetts had PFOS
or PFOA above this level.
Source:
http://greensciencepolicy.org/wpcontent/uploads/2017/12/Andy_Eaton
_UCMR3_PFAS_data.pdf

Massachusetts had concentrations of PFOS or PFOA over 5 ng/L (see figure above).5 Having an
enforceable drinking water standard would require public water supplies to monitor for PFASs,
ensuring that we are not missing water supplies that currently have PFAS contamination, and
would detect new contamination in the future.
Other states have developed drinking water guidelines for PFOA, PFOS, and other PFASs
lower than EPA’s health advisories. Last week, my
colleagues and I published a peer-reviewed journal
article in the Journal of Exposure Science &
Environmental Epidemiology that summarizes
approaches used by state and federal agencies in
developing drinking water guidelines for PFOS and
PFOA (provided as an attachment to this letter).6 At
the time we wrote our paper, we found that three
states had developed drinking water guidelines for
PFOS and PFOA that were lower than EPA's 2016
Lifetime Health Advisory: New Jersey, Vermont, and
Minnesota. Since that time, three additional states
have also drafted guidelines below the EPA's health
advisories. Our analysis revealed that over time,
drinking water guidelines generally go down,
informed by new scientific findings on PFAS health
effects (see figure on right).
In June 2018, the ATSDR issued an updated draft Toxicological Profile for PFASs, including
minimal risk levels for four PFAS chemicals.7 The minimal risk levels for PFOA and PFOS
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were 6.7 and 10 times lower, respectively, than the reference doses that the U.S. EPA used in
developing its 2016 health advisories.
The current Massachusetts ORSG recommends that public water supplies ensure that the total
concentration of five PFAS chemicals does not exceed 70 ng/L. This is more restrictive than
EPA’s health advisory, which considers just PFOS and PFOA. However, this is less restrictive
than approaches developed by New Jersey and Vermont. As an example, the levels of PFOA
and PFHpA found in Danvers and Hudson public wells tested through the UCMR testing fall not
exceed the Massachusetts ORSG, but would exceed the guidelines in New Jersey and Vermont
(see table below).
Water System
Danvers
Well #1
Hudson
Chestnut St.

PFHpA
(ng/L)

PFOA
(ng/L)

Above
NJ MCL?

Above VT
guideline?

Above 70 ng/L for
sum of 5 PFASs?

14
16
10
10

22
25
50
40

yes
yes
yes
yes

yes
yes
yes
yes

no
no
no
no

	
  

New science and sensitive endpoints and populations should be considered in developing
drinking water standards. The New Jersey Drinking Water Quality Institute, in developing its
recommended maximum contaminant level of 14 ng/L for PFOA, noted that the target human
serum level for delayed mammary gland development was 18 times lower than the target level
for increased liver weight, and below median serum levels in the U.S.8 Changes in breast
development could have significant public health impact because of the long-term implications
for breastfeeding and breast cancer, making this an urgent priority. Research by many scientists
has demonstrated that early life environmental exposures can alter mammary gland development,
disrupt lactation, and increase susceptibility to breast cancer.9,10 These findings support the
conclusion that assessment of mammary gland development should be incorporated in chemical
test guidelines and risk assessment. Although New Jersey’s recommended MCL for PFOA is
not based on delayed mammary
gland development, their MCL
Drinking'water'contributions'to'population'PFOA'exposures
does include an uncertainty
factor to be protective of this
effect as well as other endpoints
Target'human'
Higher)water)ingestion)rate)
(0.029)L/kg/day,) based)on)70)kg,)2L/day)
serum'level'for'
associated with developmental
increased'liver'
weight
exposures.	
  
Contribution)
(14.5'ng/mL)
The NJ Drinking Water Quality
Institute also modeled how
exposures to PFOA in drinking
water would increase blood
serum concentrations in the
population. They estimated that
exposure to 70 ng/L PFOA in
drinking water (assuming
average water consumption
	
  

Mean)water)ingestion) rate)
(0.016)L/kg/day)

to)blood)
serum)levels)
(ng/mL)

Target'human'
serum'level'for'
delayed'
mammary'gland'
development
(0.8'ng/mL)
U.S.)
median

U.S.)95th
percentile

NHANES
2011@12

NHANES
2011@12

14

40

70

Drinking)Water)Concentration)(ng/L)

U.S.)median)plus)contributions)from)
drinking)water

Benchmark'
dose'for'pediatric'
immunotoxicitya
(0.3'ng/mL)

Graph)from:)New)Jersey)Drinking)Water)Quality)Institute.)Health'Based+Maximum+Contaminant+Level+
Support+ Document:+Perfluorooctanoic Acid+(PFOA).)2017.))aGrandjean and)Budtz@Jorgensen,)2013.
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rates) would lead to a 4.8-fold increase in blood serum PFOA levels compared to median serum
levels in the U.S. based on NHANES. Given the fact that epidemiologic studies have shown
effects on children’s immune systems (reduced antibody response to vaccines) at serum PFAS
levels below average levels in the general population,11 a drinking water guideline level that will
allow exposed communities to have further increases in exposures is not consistent with
protecting public health.
To protect public health, MassDEP should establish enforceable standards for drinking water
supplies and contaminated sites to facilitate remediation, set maximum drinking water levels that
are low enough to not increase blood PFAS levels substantially above background levels,
establish surveillance of water supplies with appropriately low reporting limits, and release
existing data so that exposed populations are informed and can take action.
Sincerely,

Laurel A. Schaider, Ph.D.
Research Scientist, Silent Spring Institute
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Guideline levels for PFOA and PFOS in drinking water: the role of
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Abstract
Communities across the U.S. are discovering drinking water contaminated by perﬂuoroalkyl and polyﬂuoroalkyl substances
(PFAS) and determining appropriate actions. There are currently no federal PFAS drinking water standards despite
widespread drinking water contamination, ubiquitous population-level exposure, and toxicological and epidemiological
evidence of adverse health effects. Absent federal PFAS standards, multiple U.S. states have developed their own healthbased water guideline levels to guide decisions about contaminated site cleanup and drinking water surveillance and
treatment. We examined perﬂuorooctanoic acid (PFOA) and perﬂuorooctane sulfonate (PFOS) water guideline levels
developed by the U.S. Environmental Protection Agency (EPA) and state agencies to protect people drinking the water, and
summarized how and why these levels differ. We referenced documents and tables released in June 2018 by the Interstate
Technology and Regulatory Council (ITRC) to identify states that have drinking water and groundwater guideline levels for
PFOA and/or PFOS that differ from EPA’s health advisories (HAs). We also gathered assessment documents from state
websites and contacted state environmental and health agencies to identify and conﬁrm current guidelines. Seven states have
developed their own water guideline levels for PFOA and/or PFOS ranging from 13 to 1000 ng/L, compared to EPA’s HA of
70 ng/L for both compounds individually or combined. We ﬁnd that the development of PFAS guideline levels via exposure
and hazard assessment decisions is inﬂuenced by multiple scientiﬁc, technical, and social factors, including managing
scientiﬁc uncertainty, technical decisions and capacity, and social, political, and economic inﬂuences from involved
stakeholders. Assessments by multiple states and academic scientists suggest that EPA’s HA is not sufﬁciently protective.
The ability of states to develop their own guideline levels and standards provides diverse risk assessment approaches as
models for other state and federal regulators, while a sufﬁciently protective, scientiﬁcally sound, and enforceable federal
standard would provide more consistent protection.
Keywords Drinking water Emerging contaminants Exposure assessment Perﬂuorinated chemicals PFAS Risk
assessment
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The mobility, persistence, and widespread use of perﬂuoroalkyl and polyﬂuoroalkyl substances (PFAS) have
resulted in drinking water contamination globally. PFAS
were found in the drinking water of more than 16 million
Americans in 33 states [1], and a recent analysis indicates
that PFAS-contaminated drinking water is much more
widespread than previously reported [2]. Surprisingly,
despite this widespread contamination [3], ubiquitous
exposure [4], and toxicological and epidemiological evidence of health effects [5–7], there are no federal drinking
water standards for any PFAS. Instead of a standard, in
2016 the U.S. Environmental Protection Agency (EPA)
released a non-enforceable lifetime health advisory (HA)

A. Cordner et al.

of 70 ng/L for perﬂuorooctanoic acid (PFOA) and perﬂuorooctane sulfonate (PFOS), individually or combined.
Without an enforceable standard, public water systems
(PWSs) are not required to routinely test for PFAS or to
treat water exceeding EPA HAs, and so no complete
assessment of the prevalence of PFAS in U.S. drinking
water exists.
In the absence of federal standards, seven U.S. states
have adopted or proposed their own health-based drinking
water guideline levels or standards for PFOA and/or PFOS,
ranging from 13 to 1000 ng/L. There are important regulatory distinctions between terms such as guidelines,
advisories, and standards. For this paper, we use “drinking
water guideline levels” as a general term to refer to any
risk-based water concentration intended to protect from
health effects associated with drinking water consumption,
along with more precise terms that are used by individual
state or federal agencies, including “health advisory level,”
“maximum contaminant level,” or “protective concentration
level.” (Tables 1 and 2 use the speciﬁc term associated
with each agency’s guideline.)
In this perspective, we compare PFOA and PFOS
drinking water guideline levels developed by EPA and
seven states, and summarize how and why these levels
differ. We aim to provide a useful overview of a rapidly
changing regulatory ﬁeld, identify common factors and
decisions that inﬂuence guideline development, and
examine the importance of social factors. We used tables
released by the Interstate Technology and Regulatory
Council (ITRC) in June 2018 [8] to identify states with
drinking water and groundwater guideline levels for PFOA
and/or PFOS that differ from EPA’s HAs. These documents serve as a resource for regulatory personnel
addressing PFAS contamination and are updated regularly
by a team of environmental professionals. We also contacted state health and environmental agencies to identify
and conﬁrm current guideline levels. For all guidelines, we
reviewed publicly available risk assessment documents
and toxicological summaries prepared by regulatory
agencies.
We ﬁnd that the development of PFOA and PFOS
guideline levels is inﬂuenced by many scientiﬁc, technical,
and social factors and decisions including: agency management of scientiﬁc uncertainty; an evolving understanding of PFAS health effects; decisions about
toxicological endpoints and exposure parameters; and the
inﬂuence of various stakeholders, including regulated
industries and affected communities. We document the
rationale used by states to develop guideline levels that
differ from those set by EPA. Several states have established guideline levels below EPA’s HA, suggesting that
some regulators and scientists view EPA’s approach as not
sufﬁciently protective.

Perﬂuoroalkyl and polyﬂuoroalkyl
substances: growing concerns
PFAS as a class include an estimated 4730 humanmade and commercially available chemicals, polymers,
and mixtures containing chains of ﬂuorinated carbon atoms
that are widely used in industrial processes and consumer
goods [9]. It is not currently possible to accurately track
the use of PFAS individually or as a class in the U.S.
because companies can claim production volume data as
conﬁdential business information and not disclose it publicly or to EPA. Two PFAS are the most well-known and
widely studied. PFOA—previously used to manufacture
polytetraﬂuoroethylene (PTFE) for non-stick coatings such
as Teﬂon™, added as an ingredient in ﬁreﬁghting foams,
and created as a byproduct of many other chemical processes—was ﬁrst used to manufacture commercial products
in 1949. U.S. manufacturer DuPont began studying PFOA’s
toxicological and exposure concerns starting in the 1960s
[10]. PFOS, previously used in fabric protectors such as
Scotchgard™, ﬁreﬁghting foam, and semiconductor devices, has been produced since the 1940s. U.S. manufacturer
3M started measuring ﬂuorine levels in blood samples from
workers in the 1970s [11]. In 1997, 3M detected PFOS
in workers’ blood serum and in samples from U.S. blood
banks, intended to represent a control population, and
several studies in following years conﬁrmed widespread
exposure in the U.S. population [12]. In 2000, 3M
announced that it would voluntarily phase out all production
of PFOS due to regulatory pressure and concerns over liability [13]. In 2006, following an EPA investigation, eight
U.S. chemical manufacturers agreed to phase out all production and use of PFOA and related compounds by 2015
[14]. PFOA and PFOS, both considered long-chain PFAS
(perﬂuorocarboxylic acids with eight or more carbon
atoms or perﬂuorosulfonic acids with six or more carbon
atoms [15]), are no longer produced in the U.S., but manufacturing continues in other parts of the world [16] and
replacement PFAS are widely used despite growing concerns about persistence, exposure, and toxicity [14, 17–21].
PFAS are important and widespread drinking water
contaminants because they are highly persistent, mobile in
groundwater, and bioaccumulative [22]. PFAS contamination is often linked to industrial releases, waste disposal and
landﬁll sites, military ﬁre training areas, airports, and other
sites where PFAS-containing aqueous ﬁlm-forming foams
(AFFFs) are used to extinguish ﬂammable liquid fuel ﬁres
or for ﬁreﬁghter training [1]. Over twenty-ﬁve U.S. communities have contaminated water due to releases from
manufacturing or industrial waste sites [23], and the
Department of Defense (DoD) has identiﬁed 401 current
or former military sites with known or suspected PFAS
contamination, including 126 sites with PFOA or PFOS

400 ng/L

130 ng/L

35 ng/L

14 ng/L

1000 ng/L

290 ng/L

20 ng/L

Alaska DECb, 2016,
Groundwater cleanup level
[89]

Maine DEPb, 2016, Remedial
action guideline [90, 91]

Minnesota DOH, 2017, Noncancer health-based level [95]

New Jersey DEP, 2017,
Maximum contaminant level
(recommended) [45]

North Carolina DENRb, 2012,
Interim maximum allowable
concentration (proposed) [54]

Texas CEQb, 2017, Protective
concentration level [81]

Vermonta DEC/DOH, 2016,
Primary groundwater
enforcement standard [98]
Lau et al. [49]

Macon et al.
[50]

Butenhoff
et al. [97]

Loveless et al.
[96]

Lau et al. [49]

Six studies
combined [49,
92–94]

Lau et al. [49]

Lau et al. [49]

Critical effect
study

Developmental

Mammary Gland

Liver

Liver

Developmental

Liver

Developmental

Developmental

Toxicological
endpoint

20 ng/kg- day

15 ng/kg- day

N/A

2 ng/kg-day

18 ng/kg- day

6 ng/kg-day

20 ng/kg- day

20 ng/kg- day

Reference
dose

Target population

Lactating woman

Child (0–6 years)
residential

Adult

Infant exposure via
breastmilk for 1 year,
from mother
chronically exposed
via drinking water
Adult

Adult

Child (0–6 years)
residential
Infant (0–1 year)

Uncertainty factors
Total = 300
Intraspecies 10,
Interspecies 3, LOAEL
to NOAEL 10
Total = 300
Intraspecies 10,
Interspecies 3, LOAEL
to NOAEL 10
Total = 300
Intraspecies 10,
Interspecies 3,
Database 10
Total = 300
Intraspecies 10,
Interspecies 3, LOAEL
to NOAEL 3,
Database 3
Total = 300
Intraspecies = 10,
Interspecies 3,
Database 10
Total = 30
Intraspecies 10,
Interspecies 3
Total = 300
Intraspecies 10,
LOAEL to NOAEL 30
Total = 300
Intraspecies 10,
Interspecies 3, LOAEL
to NOAEL 10

0.175 L/kg-day

0.64 L/day, 15 kg b.w.

2 L/day, 70 kg b.w.

2 L/day, 70 kg b.w.

Derived from internal
serum concentrations
based on 95% water
intake rates and upper
percentile breastmilk
intake rates

2 L/day, 70 kg b.w.

0.78 L/day, 15 kg body
weight (b.w.)

0.054 L/kg-day

Water ingestion rate

20%

100%

20%

20%

50%

60%

100%

20%

RSC

Applies to PFOA and PFOS individually, as well as the sum of PFOA and PFOS

Alaska, Maine, North Carolina, and Texas follow the EPA’s HA for public and/or private drinking water

b

a

CEQ Commission on Environmental Quality, DEC Department of Environmental Conservation, DENR Department of Environment and Natural Resources (note that NC DENR is now NC
DEQ), DEP Department of Environmental Protection, DEQ Department of Environmental Quality, DOH Department of Health, RSC Relative Source Contribution

Note: Adapted from ITRC [8]

70 ng/L

U.S. EPAa, 2016, Health
Advisory Level [35]

Advisory
level

Table 1 PFOA drinking water guideline levels
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400 ng/L

560 ng/L

27 ng/L

13 ng/L

560 ng/L

20 ng/L

Alaska DECb, 2016,
Groundwater cleanup
level [89]

Maine DEPb, 2016,
Remedial action
guideline [91, 100]

Minnesota DOH, 2017,
non-cancer health-based
value [102]

New Jersey DEP, 2017,
Maximum contaminant
level, draft [103]

Texas CEQb, 2017,
Protective concentration
level [81]

Vermonta DEC/DOH,
2016, Primary
groundwater enforcement
standard [98]
Luebker et al. [99]

Zeng et al. [105]

Dong et al. [104]

Luebker et al. [99]

Seacat et al. [101]

Luebker et al. [99]

Luebker et al. [99]

Critical effect study

Reduced pup body
weight

Hippocampus synapse
structure

Immune response

Reduced pup body
weight

Thyroid effects

Reduced pup body
weight

Reduced pup body
weight

Toxicological endpoint

20 ng/kg- day

20 ng/kg- day

1.8 ng/kg- day

5.1 ng/kg- day

80 ng/kg- day

20 ng/kg- day

20 ng/kg- day

Reference dose

Infant (0–1 year)

Total = 30
Interspecies 3,
Intraspecies 10

Lifetime based on
internal serum
concentration

Total = 100
Interspecies 3,
Intraspecies 10,
Database 3

Child (0–6 years)
residential

Adult

Total = 30
Interspecies 3,
Intraspecies 10

Total = 100
LOAEL to NOAEL
10,
Intraspecies 10

Child (0–6 years)
residential, noncancer

Total = 30
Interspecies 10,
Intraspecies 3

Adult

Lactating women

Total = 30
Interspecies 3,
Intraspecies 10

Total= 30
Interspecies 3,
Sensitive
subpopulations 10

Target population

Uncertainty factors

0.175 L/kg-day

0.64 L/day, 15 kg b.w.

2 L/day, 70 kg b.w.

Derived from internal
serum concentrations
based on 95% water
intake rates and upper
percentile breastmilk
intake rates

2 L/day, 70 kg b.w.

0.78 L/day, 15 kg b.w.

0.054 L/kg-day

Water ingestion rate

20%

100%

20%

50%

20%

100%

20%

RSC

Applies to PFOA and PFOS individually, as well as the sum of PFOA and PFOS

Alaska, Maine, and Texas follow the EPA’s HA for public and/or private drinking water

b

a

CEQ Commission on Environmental Quality, DEC Department of Environmental Conservation, DEP Department of Environmental Protection, DEQ Department of Environmental Quality, DOH
Department of Health, RSC Relative Source Contribution

Note: Adapted from ITRC [8]

70 ng/L

U.S. EPAa Ofﬁce of
Water, 2016, Health
Advisory Level [35]

Advisory level

Table 2 PFOS drinking water guideline levels
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levels above EPA’s HA, mostly related to AFFF use [24].
In addition to PFOA and PFOS, 57 classes of PFAS
have been identiﬁed in AFFF and/or AFFF-contaminated
groundwater, containing over 240 individual compounds,
many of which are poorly characterized in terms of toxicity
and environmental fate and transport [25]. Surveillance for
PFAS is difﬁcult because of the large number of compounds, many of which lack analytical standards.
Concern about health effects from PFAS is high because
of widespread exposure and documented toxicity. Biomonitoring data from the U.S. Centers for Disease Control
and Prevention’s National Health and Nutrition Examination Survey (NHANES), a representative sample of U.S.
residents, for 12 PFAS from 1999 to 2014 found four PFAS
in the serum of nearly all people tested [4, 26]. These PFAS
remain widely detected, although population serum levels
have generally declined, especially for PFOS, following the
phase-outs of U.S. production [26]. An epidemiological
study, funded by a DuPont lawsuit settlement, of 69,000
people in the Mid-Ohio Valley who drank water contaminated with at least 50 ng/L of PFOA for at least one
year linked PFOA exposure to high cholesterol, ulcerative
colitis, thyroid disease, testicular and kidney cancers, and
pregnancy-induced hypertension [6]. Other health effects
associated with PFOA and several other PFAS based
on epidemiological evidence include decreased vaccine
response, liver damage, and decreased birth weight [27, 28].
In animal studies, PFAS have shown a variety of toxicological effects including liver toxicity, suppressed
immune function, altered mammary gland development,
obesity, and cancer [7, 22]. There is concordance between
some of the endpoints identiﬁed in studies of animals
and humans, most notably suppression of the immune
system [29]. While there are sufﬁcient data for risk
assessment of PFOA, PFOS, and several other PFAS, most
PFAS detected in drinking water lack sufﬁcient data for
risk characterization [22, 28].

Drinking water regulation
Public drinking water supplies (PWSs) in the U.S. are
regulated under the Safe Drinking Water Act (SDWA),
which speciﬁes that EPA is responsible for establishing
testing requirements and standards, while states have
primary authority to implement and enforce these
standards. The SDWA currently regulates over 90 chemical,
biological, and radiological contaminants [30]. For most
listed contaminants, EPA establishes both a Maximum
Contaminant Level Goal (MCLG), a non-enforceable
guideline below which no adverse health effects are
expected, and a Maximum Contaminant Level (MCL), an
enforceable standard for PWSs set as close as feasible to

the MCLG while accounting for availability of treatment
technologies and cost. PWSs must test for regulated contaminants, which can reveal previously unrecognized
contamination, and take any needed action to address violations. Amendments to the SDWA in 1996 removed a
requirement for EPA to periodically establish new MCLs
and created a more extensive review process, and few
additional contaminants have been regulated since 1996
[31]. Private drinking water sources are not regulated under
the SDWA. Other laws like the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA, also known as Superfund) and the Clean Water Act
govern groundwater and surface water quality, including
responses to contaminated water at industrial sites. States
often develop health-based water guidelines to support
decisions at these sites, including response to contamination
in private wells.
EPA has not set MCLs for any PFAS, though they
recently announced their intention to “initiate steps to
evaluate the need for a maximum contaminant level (MCL)
for PFOA and PFOS” [32]. In an unusual move that
reﬂects the political demand for a federal MCL, 25 U.S.
Senators signed a letter urging EPA to develop an MCL for
PFAS [33]. Establishment of an MCL would increase
EPA’s authority to address PFAS contamination under the
Superfund program [33].
The SDWA also requires EPA to consider additional
contaminants for regulation. Every ﬁve years, EPA must
publish a Candidate Contaminant List (CCL) of contaminants being considered for future standards based
on health concerns, prevalence in PWSs, and meaningful
opportunities for exposure reduction [34]. No MCLs have
been developed for contaminants from the CCL since
the SDWA 1996 Amendments were enacted [31]. PFOS
and PFOA were added to the third CCL in 2009 and
were carried forward to the fourth CCL in 2016. To inform
this process, every ﬁve years EPA must also develop
a list of up to 30 contaminants under the Unregulated
Contaminant Monitoring Rule (UCMR) program for
which PWSs are required to test on a short-term basis to
establish their prevalence. In the third cycle (UCMR3;
2013–2015), six PFAS were analyzed by all large
PWSs (serving >10,000 customers) and 800 smaller
PWSs [3]. EPA decided not to include any PFAS in
UCMR4 (2018–2020).
Under the SDWA, EPA can establish HAs for contaminants without MCLs as guidance for federal, state,
and local ofﬁcials. HAs are intended to represent levels
of exposure unlikely to cause adverse health effects,
considering both cancer and non-cancer endpoints, and
can represent speciﬁc durations of exposure (one-day,
10-day, or lifetime). Federal HAs and state guidance
values can guide response at contaminated sites if drinking
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water is affected but do not require PWSs to proactively
monitor for these contaminants. In 2016, EPA issued
HAs for lifetime PFOA and PFOS exposure [3, 35].
Individual states can also establish their own guidelines
and regulations, including MCLs, for drinking water contaminants that are not regulated at the federal level, or they
can develop stricter guidelines for contaminants with a federal
MCL. There is precedent for states to develop drinking water
MCLs for contaminants that do not have federal MCLs (e.g.,
perchlorate in Massachusetts and methyl tertiary-butyl ether
in California) or to develop MCLs that are more stringent than
EPA's (e.g., several volatile solvents in New Jersey and
California) [36–38]. These state standards and guidelines may
apply to PWSs or be used as screening or cleanup levels at
contaminated sites (e.g., sites with contaminated groundwater
or drinking water). However, some states are precluded by
state law from developing their own guidelines or standards,
and other states may lack the resources to do so. For instance,
Pennsylvania identiﬁed lack of funding, technical expertize,
and occurrence data as challenges in setting a state standard
for PFOA and PFOS [39].

Variation in PFOA and PFOS drinking water
guideline levels
In the absence of federal MCLs, multiple states have proposed
or adopted drinking water guidelines or standards for PFOA
and/or PFOS (Fig. 1). The ﬁrst PFOA guideline level of
150,000 ng/L was developed in West Virginia in 2002
in response to PFOA-contaminated drinking water near a
DuPont facility. In 2006, EPA issued a screening level of
500 ng/L for PFOA for West Virginia sites contaminated
by DuPont [40]. In 2009, EPA developed provisional, shortterm HAs of 400 ng/L for PFOA and 200 ng/L for PFOS
in response to a contaminated site in Alabama. Around
the same time, states such as Minnesota and New Jersey
developed PFOA guidelines and standards that were lower
than the EPA’s short-term HA. In 2016, EPA issued a lifetime
HA of 70 ng/L for PFOA and PFOS individually or combined
[3, 35]. Shortly after, Vermont and Minnesota, building off
the EPA’s risk assessments, developed state guideline levels
that were lower than the EPA HAs. In 2017, New Jersey
recommended MCLs of 14 ng/L for PFOA and 13 ng/L for
PFOS, which, if adopted, would be the ﬁrst standards to
require surveillance by PWSs for PFOA and PFOS, as well as
being the lowest guideline levels in the U.S.
We analyzed ﬁfteen current or proposed water guidelines
or standards for PFOA or PFOS that are the most
recent guidelines for the EPA and each state: EPA’s
PFOA and PFOS HAs, seven state guidelines for PFOA,
and six state guidelines for PFOS (Tables 1 and 2).
Some states (e.g., New Jersey and North Carolina) have

Fig. 1 Timeline of Select PFOA and PFOS Drinking Water Guideline
Levels. (a) PFOA and (b) PFOS water guideline levels have decreased
over time. Several states have developed guidelines for PFOA or
PFOS individually (circles), while Vermont (VT) and EPA have
guidelines that apply to PFOA and PFOS individually or combined
(triangles). PFOA and PFOS water guidelines can apply to different
water types such as public drinking water (closed circles) or groundwater, e.g., at contaminated sites (open circles)

older adopted guidelines, as well as newer proposed
guidelines that have not yet been formally adopted; in
these cases, we analyzed the more recent, proposed guidelines. Some guideline levels apply to individual
chemicals, while others are based on the sum of multiple
PFAS. For example, the EPA HA applies to PFOA and
PFOS combined, and the Connecticut, Massachusetts,
and Vermont guidelines refer to the sum of PFOA, PFOS,
and three other PFAS [41–43]. Eight states (Colorado,
Delaware, Massachusetts, Minnesota, New Jersey, North
Carolina, and Texas) have developed guideline levels for
PFAS other than PFOA and PFOS. Many other states
follow EPA’s 70 ng/L HA level and are not included in
our analysis or shown in the Figure or Tables.
The most recent proposed state guideline levels for
PFOA vary by a factor of 70, from 14 ng/L (New Jersey)
to 1000 ng/L (North Carolina; Table 1). For PFOS, the
seven guidelines vary by a factor of 43, from 13 ng/L
(New Jersey) to 560 ng/L (Maine and Texas; Table 2).
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Alaska, Maine, and Texas follow EPA’s HA for public
and/or private drinking water supplies but have developed
higher guideline levels for other contaminated water and
site remediation intended to be protective of drinking water
exposures from groundwater at those contaminated sites.

PFOA and PFOS health-based risk
assessment
Comparing the risk assessments developed by states
and EPA to derive these guideline levels highlights the
scientiﬁc uncertainty and assumptions that underlie these
decisions. Tables 1 and 2 summarize critical components
of each assessment: toxicological endpoint, critical
study, uncertainty factors, target population, and exposure
parameters.

Toxicological and dose-response assessments
Risk assessment is used to develop health-based guideline
levels. Scientists ﬁrst review toxicological, epidemiological,
and mode of action studies to identify the critical effect, the
most sensitive adverse endpoint that is considered relevant
to humans. Four of the eight guideline levels for PFOA are
based on developmental effects, three are based on liver
toxicity, and one is based on mammary gland development
effects. Of the seven guideline levels for PFOS, four are
based on reduced pup body weight, one is based on thyroid
effects, one is based on suppressed immune response, and
one is based on developmental neurotoxicity. New Jersey’s
recommended PFOS MCL, the lowest in the country, is the
only assessment to use immune response as the critical
endpoint.
The critical effect serves as the starting point for deriving
a point of departure (POD), the point on the dose-response
curve to which uncertainty factors (UFs) are applied,
such as a No Observed Adverse Effect Level (NOAEL)
or Lowest Observed Adverse Effect Level (LOAEL). In
PFAS assessments, toxicokinetic adjustments were made
to account for slower excretion of PFOA and PFOS in
humans compared to animals, either by calculating a
Human Equivalent Dose based on doses used in animal
studies (most states and EPA) or by converting serum levels
based on animal studies into serum levels in humans (New
Jersey). This is a particularly important consideration for
PFAS because of substantial variation in PFAS toxicokinetics among humans and test animals [44]. There are
also sex-speciﬁc and species-speciﬁc differences in the
excretion rates of PFAS. For example, PFOA has a very
short half-life in female rats (4–6 h) due to rapid excretion
[44], which makes the female rat a poor model for studying
chronic or developmental effects of PFOA exposure since it

is unlikely to reach a steady-state level when administered
on a daily basis.
After a POD is derived, UFs are applied to the POD for
non-cancer endpoints to estimate a reference dose (RfD), the
daily dose expected to be without harm. PFOA and PFOS
assessments utilized various UFs to account for: potential
differences in sensitivity among people (intraspecies UF)
and between humans and animals (interspecies UF); gaps in
toxicity data (database UF); and critical effect studies for
which the POD was a LOAEL (LOAEL-to-NOAEL UF).
UFs were applied differently across PFOA and PFOS
assessments. The EPA and all state-based PFOA assessments
except for North Carolina have total UFs of 300. North
Carolina, the state with the highest proposed PFOA guideline
level, has a total UF of only 30 based on intraspecies and
interspecies UFs. For PFOS, Texas and Minnesota have total
UFs of 100 while other states and the EPA have total UFs of
30. Texas includes a UF for LOAEL-to-NOAEL extrapolation, and Minnesota a database UF to account for potentially
more sensitive immune effects.
States and EPA developed guideline levels that are based
on a single critical effect but are intended to also be protective of other cancer and non-cancer health outcomes.
Though New Jersey’s recommended PFOA MCL is based
on an RfD for liver toxicity, the state also considered
whether the MCL would be protective for cancer endpoints
or mammary gland development. Their assessment based
on increased incidence of testicular tumors in rats arrived
at the same 14 ng/L guideline level [45]. Their assessment
based on altered mammary gland development produced
a recommended PFOA MCL equivalent to 0.77 ng/L—
18 times lower than the RfD used to derive the proposed
MCL. This lower MCL was not recommended due to the
lack of precedent for mammary gland development as a
critical endpoint in risk assessment, although an additional
UF of 10 for sensitive effects was applied to protect for this
endpoint [45]. Vermont and EPA both calculated PFOA
guideline levels for testicular cancer and determined that
guideline levels based on the non-cancer endpoints were
more protective. Minnesota did not derive a cancer-based
PFOA guideline level, instead concluding that existing data
were inadequate for assessing carcinogenic potential and
that the non-cancer guideline was protective of potential
cancer effects. All PFOS guideline levels are based on
non-cancer endpoints, with most assessments indicating
that cancer endpoints were reviewed and found to be not
sufﬁciently well-studied to establish a cancer-based guideline level.

Exposure assessment
Following the derivation of an RfD, exposure assumptions
are used to establish a concentration in drinking water
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that is intended to be health protective, usually targeted
to protect sensitive subgroups such as children. Exposure
assessment relies on assumptions about the target population, water ingestion rates, and proportion of the daily dose
supplied by drinking water relative to other exposure
sources, known as the relative source contribution (RSC).
These assumptions may vary based on the type of guideline
(e.g., groundwater or drinking water).
In PFOA and PFOS assessments, target populations to be
protected differed across states, even among those that used
the same critical endpoint and/or had a similar RfD. EPA,
Alaska, and Vermont derived the same critical endpoint and
RfD for PFOA, yet their guideline levels ranged from 20 ng/L
(Vermont) to 400 ng/L (Alaska), a 20-fold difference, because
they used different exposure parameters. Vermont and EPA
selected different target populations (infants for Vermont,
lactating women for EPA), leading to divergent water ingestion rates and consequently different PFOA guideline levels
for water. Minnesota’s assessment is based on exposure for
breastfed and formula-fed infants. Texas assumed that children’s water consumption is 0.64 L/day, while Alaska
assumed it is 0.78 L/day.
States also differed in their selection of RSC values.
Most states and EPA assumed an RSC value of 20% for
drinking water, which limits daily exposure from contaminated drinking water to 20% of the RfD so that additional exposures from other sources, such as consumer
products or diet, do not push total exposure above the RfD.
All other exposure assumptions being equal, lower RSC
values correspond to lower drinking water guideline levels.
Minnesota and Maine used human biomonitoring studies to
derive RSCs for PFOA and PFOS ranging from 20% to
60%. Alaska and Texas used a 100% RSC, meaning that for
people drinking water at their guideline, any dietary and
consumer product exposures would raise their intake above
the RfD. The Alaska and Texas PFOA and PFOS guidelines, which are 4–8 times higher than EPA’s HAs, were
developed for remediation and clean-up of contaminated
sites, and these states use EPA’s HAs as limits for PWS
drinking water.

Factors contributing to variation in PFAS
guideline levels
Considering the most recent adopted or proposed PFOA
and PFOS water guideline levels at the federal and state
levels, the range of “safe” levels in drinking water spans
almost two full orders of magnitude, from 13 to 1000 ng/L.
This variation reﬂects responses to scientiﬁc uncertainty in
risk assessment, technical decisions and capacity, and
social, political, and economic inﬂuences from involved
stakeholders.

Scientiﬁc decisions
Differences between water guidelines in part reﬂect
responses to scientiﬁc uncertainty. As described above,
health risk assessment requires many assumptions and
estimates in order to predict a safe exposure for humans.
These include identifying critical effects, addressing interspecies and intra-species variation, quantifying other
uncertainties, and selecting exposure parameters. Many
areas of toxicity and exposure research on PFAS have not
achieved scientiﬁc consensus so risk assessors make diverse
choices.
Another important consideration in these and future
assessments is the consideration of epidemiological evidence. Many of the assessments noted that effects in human
studies were consistent with the critical effect in animal
studies, giving greater conﬁdence to the assessment. However, all of the assessments used dose-response data from
animal studies as a basis for their drinking water levels. New
Jersey assessments compared their target PFOS serum level
of 23 ng/mL with the midrange of serum levels in epidemiological studies that reported effects (6–27 ng/mL) and
with U.S. serum levels (median 5 ng/mL, 95%ile 19 ng/mL,
from 2013–2014 NHANES) [46]. Based on this comparison,
New Jersey recognized the need to minimize any additional
exposures from drinking water since the population is
already approaching effect levels from the epidemiological
studies and risk-based exposure limits. While risk assessors
generally expect their approaches to produce exposure levels
that will be protective for exposed humans, PFOS immune
effects in children are reported at lower exposures than the
EPA’s drinking water advisory levels [46]. A recent
assessment used epidemiological data to propose a drinking
water guideline of 1 ng/L to prevent additional increases in
serum PFOS levels [47]. Several other endocrine disrupting
compounds show effects in humans at exposures below EPA
risk-based exposure limits, including di-(2-ethylhexyl)
phthalate (DEHP) and polybrominated diphenyl ethers
(PBDEs) [48].
The number of peer-reviewed scientiﬁc articles on PFAS
has increased dramatically since 2000, while federal and
state PFAS drinking water guideline levels have generally
decreased over this time (Fig. 1). This demonstrates a
common phenomenon: initial risk assessments based on
limited data are often shown not to be health protective once
more complete data become available. For PFOA and
PFOS, the tightening of the guidelines is largely not due to
new toxicology studies, but rather to improved exposure
research, advances in analytical measurement technologies,
improved biomonitoring and toxicokinetic data, and epidemiological ﬁndings. For example, both of EPA’s PFOA
HAs, the 2009 provisional HA for short term exposure and
the 2016 lifetime HA for chronic exposure, are based on
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developmental effects from the same mouse study [49], but
different exposure parameters and toxicokinetic assumptions led to a much lower HA in 2016. Seven of the eight
PFOA assessments, all released between 2012 and 2017,
use critical endpoints from studies published in 2006 or
earlier. EPA’s assessments are also inﬂuential: once EPA
derived RfDs for the 2016 HAs, states such as Minnesota
and Vermont used these RfDs along with different decisions
about exposure parameters, resulting in lower guideline
levels.
The most sensitive toxicological endpoints—altered
mammary gland development and suppressed immune
function—were not the basis for EPA’s PFOA and PFOS
HAs. However two states, Texas and New Jersey, did use
these endpoints as the basis for their PFOA Protective
Concentration Level (PCL) and PFOS MCL, respectively.
Although in utero PFOA exposure has been shown to alter
mammary gland development in rodents [50, 51], this
specialized endpoint is not routinely evaluated in regulatory
toxicity studies and there is limited precedent for using it in
risk assessment [52, 53]. To the best of our knowledge,
altered mammary gland development has never been used
as a critical endpoint for the basis of any federal regulatory
risk assessment in the United States.
Texas based their PFOA PCL on altered mammary gland
development from a full gestational study in mice since this
endpoint showed a dose response. Texas determined this
RfD to be protective of increased liver weight effects
observed in several other studies. New Jersey’s PFOA
assessment did not use mammary gland changes as the
critical effect but did recognize that it was most sensitive
and included an additional UF for database uncertainty
related to mammary gland effects. Minnesota identiﬁed
delayed mammary gland development as a co-critical effect,
but did not include additional UFs. North Carolina and EPA
cited uncertainty related to variation in response between
mouse strains, inconsistent methods across studies, and
questions about toxicokinetics as challenges for using this
endpoint [35, 54], though risk assessments commonly rely
on endpoints for which there is substantial intra- and interspecies variation in sensitivity. Most notably, EPA discounted effects on mammary gland development because
these alterations were not associated with decreased lactation function and the mode of action for mammary gland
development effects is not well described. Though EPA was
reluctant to consider the changes adverse, a substantial body
of scientiﬁc work suggests that altered mammary gland
development is likely to inﬂuence later breast cancer risk
[53]. New research to better characterize these associations
is important because many endocrine disruptors alter
mammary gland development if exposure occurs in utero or
early in life. Routine assessment of mammary gland
development in toxicity studies of endocrine disruptors will

be informative and improve understanding of these changes
and reduce uncertainty for future risk assessments.
New Jersey used decreased plaque forming cell response
(suppressed immune function) as the basis for their
PFOS MCL, noting also the consistency between this effect
and decreased vaccination response in epidemiological
studies. Minnesota identiﬁed suppressed immune function
as a co-critical effect and included a database UF of 3
for immunotoxicity. While the EPA indicated a concern
for adverse immune effects, it chose not to use
suppressed immune function as the basis for the PFOS HA
because a “lack of human dosing information and lack of
low-dose conﬁrmation of effects in animals for the shortduration study precludes the use of these immunotoxicity
data in setting the RfD” [35]. The New Jersey assessment
includes a rebuttal of EPA’s decision, noting that EPA
has used this endpoint as a basis for RfDs for other
chemicals [46].

Social, political, and economic inﬂuences
While risk assessments such as these PFAS water guidelines
are presented as being based solely on scientiﬁc considerations, this process is also inﬂuenced by political,
social, and economic factors [55–59]. For PFAS, much like
other high-value products such as tobacco, the landscape of
what is scientiﬁcally known and unknown about their health
and environmental impacts is inﬂuenced by the context of
knowledge production. Internal industry documents reveal a
broad “science-based defense strategy” to “command the
science” on PFAS, ranging from suspected inﬂuence on
state environmental protection agencies in the case of West
Virginia, to the selective peer review publication of internal
research, to paying academic scientists to inﬂuence the peerreview process [10, 60, 61].
PFAS manufacturing companies have inﬂuenced PFAS
water guidelines in both overt and subtle ways. For example, in 2001 EPA and West Virginia Department of
Environmental Protection (WVDEP) learned that DuPont
scientists had found high levels of PFOA in regional
drinking water. The following year, DuPont collaborated
with WVDEP and a state-appointed C8 Assessment Toxicity Team to develop a screening level of 150,000 ng/L,
despite numerous conﬂicts of interest and DuPont’s own
internal guideline of 1000 ng/L [10, 62].
Economically invested corporations have indirectly
inﬂuenced the development of PFAS drinking water
guideline levels through the strategic production and dissemination of industry-friendly research, a welldocumented pattern in environmental health [63]. Recent
litigation by the State of Minnesota Attorney General
against 3M revealed internal correspondence between the
company and academic scientists paid as consultants. In one
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instance, an academic scientist hired by 3M wrote in private
emails that he intentionally described his work reviewing
articles for publication as “literature reviews” in order to
avoid a paper trail to 3M, bragged about rejecting an article
on PFAS health effects, and offered to pass unpublished
articles to peer reviewers recommended by 3M, clear violations of scientiﬁc norms [60].
Industry sponsorship of toxicological research and risk
assessments can also inﬂuence the developments of guidelines through the “funding effect” in which funding source
inﬂuences published outcomes [64–66]. Studies or assessments funded by a company or industry that beneﬁts
ﬁnancially from the product under investigation are less
likely to identify risks and more likely to demonstrate
efﬁcacy (or ambiguity), while the opposite is true of studies
funded by government agencies or independent parties. Of
the eight critical studies used to derive PFOA (n = 5) or
PFOS (n = 3) guidelines, ﬁve were conducted by PFAS
manufacturers (3M or DuPont), two were conducted by the
U.S. government (EPA or NIEHS), and one was conducted
by academic researchers with funding from the Chinese
government. North Carolina’s PFOA guideline, the highest
in the country, heavily references a risk assessment conducted by industry consultants [67]. However, the small
number of PFAS guidelines prevents any quantitative analysis of funding effects. Risk assessments, which rely on
many assumptions to estimate human exposure and toxicity
in the absence of data, are more vulnerable to funding
effects. For example, a 2009 PFOA risk assessment funded
by DuPont and 3M identiﬁed 880 ng/L as “a reliable, albeit
conservative” level for an MCL, over 12 times higher than
the EPA HA [67].
Industry-funded research may also inﬂuence the overall
landscape of PFAS research because it is selectively produced and shared [10]. For example, most research conducted by chemical companies is never published or made
public, even when disclosure could be useful for assessing
chemical risk. Major PFAS manufacturers have repeatedly
violated information disclosure requirements under the
Toxic Substances Control Act (TSCA) Section 8(e) by not
disclosing information on substantial risks related to PFAS
in production [68, 69]. This practice has resulted in multimillion dollar ﬁnes and also delayed the production of
science on environmental and human health effects of
PFAS by decades [70, 71]. Today, PFAS manufacturers
commonly assert that information on production quantities,
use in consumer goods, and chemical identity is conﬁdential
business information, creating barriers for scientists and
regulators seeking to prevent harmful exposures.
Unlike some states where limited regulatory appetite and
strong industry and political inﬂuence may slow progress on
protecting public health by establishing drinking water
exposure limits, other states have developed more

protective and scientiﬁcally sound PFAS guideline levels in
response to signiﬁcant public and community pressure.
After communities in Vermont learned of water contamination, social pressure led to state guidelines for PFOA
and PFOS that were lower than EPA’s [72]. In contrast,
North Carolina, home to a major Chemours PFAS manufacturing facility, has not updated their PFOA interim
maximum allowable concentration of 2000 ng/L, the highest in the United States, despite a 2012 proposal that this
guideline be lowered to 1000 ng/L. North Carolina recently
developed the nation’s ﬁrst drinking water provisional
health goal for GenX (hexaﬂuoropropylene oxide dimer
acid), a PFOA replacement, following discovery of widespread contamination in local rivers that are used for
drinking water [73]. This example demonstrates that local
pollution concerns can motivate states to develop guidelines
or standards without waiting for federal precedent. Legislators at the state and federal level may play an increasing
role going forward. Recent examples include a legislatively
proposed 5 ng/L level for PFOA and PFOS in Michigan and
pressure from 25 U.S. Senators on EPA to develop a PFAS
MCL [33, 74].

Discussion and conclusion
The wide range of PFOA and PFOS guidelines—up to 70fold difference between states—as well as the lack of
enforceable MCLs and deference by many states to EPA’s
HA of 70 ng/L have signiﬁcant public health implications.
Our ﬁnding that some states have taken additional steps
beyond federal action in evaluating and/or regulating PFAS
is consistent with states taking more health-protective action
on other chemicals, including ﬂame retardants and bisphenol A [75, 76].
EPA’s HAs do not require ongoing monitoring by PWSs
or treatment of water that exceeds the HAs, though in
practice many other entities use the HA to make remediation decisions. If MCLs existed for PFAS, regulators would
have greater authority to take action at contaminated sites
under CERCLA, and DoD sites would be able to move
forward with remediation of contaminated sites [33]. In
addition, given the toxicity, persistence, and mobility of
PFAS, systematic screening of PWSs is a logical approach
to protect public health. Some states, including Michigan
and Washington, are testing PWSs for certain PFAS [77,
78], and New Jersey’s recommended MCLs would require
routine testing. In the absence of MCLs, guidelines are
applied only after contamination is discovered by other
mechanisms, for example, when residents seek water testing
near known industrial sites. Public and regulatory awareness of PFAS water contamination has beneﬁted from
nationwide testing initiatives, including EPA’s UCMR
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testing and DoD identiﬁcation of PFAS-contaminated
military sites. The recently authorized nationwide study
on PFAS exposure at military sites may be particularly
useful in raising awareness and potentially supporting further regulatory action [79].
Regulatory and scientiﬁc attention to PFAS has
focused on PFOA and PFOS, but the scope of potential
PFAS contamination is much broader. While there are
data available to support risk assessment for several
additional PFAS, including perﬂuorobutyrate (PFBA), perﬂuorobutanesulfonic acid (PFBS), perﬂuorononanoic acid
(PFNA), perﬂuorohexane sulfonic acid (PFHxS), and
GenX, there are no studies on prevalence, exposure,
and toxicity for many other PFAS, or even analytical
methods to detect them [22]. PFAS as a class are generally
persistent and mobile, and the few that have been
adequately tested share some toxic effects and exposure
characteristics with PFOA and PFOS [14, 18–21, 80].
The lack of information and potential scope of the contamination poses signiﬁcant challenges for protecting
public health. The fact that several guideline levels,
including EPA’s HAs, apply to the total concentration
of multiple PFAS suggests that regulatory agencies are
attentive to PFAS as a class, not just as individual compounds. In the absence of toxicity data on individual chemicals, regulators could use well-characterized PFAS as
analogues for deriving RfDs and guideline levels, or could
develop methods to regulate PFAS as a class, although
this would involve additional assumptions and uncertainties. Texas developed PCLs for 16 PFAS, deriving RfD
values for PFAS with limited toxicity data using wellcharacterized PFAS as surrogates [81]. Relative potency
estimates have been used in other chemical classes, such
as polycyclic aromatic hydrocarbons and dioxins, and are
being explored for PFAS [82]. Some existing regulations
treat all long-chain PFAS similarly. The U.S. Food and
Drug Administration (FDA) has restricted all long-chain
PFAS as a class [55, 83], and EPA’s PFOA Stewardship
Program includes PFOA and all “precursor chemicals
that can break down to PFOA, and related higher homologue chemicals” [84]. The similarities between many
PFAS in terms of chemical structure and exposure potential,
combined with potential differences in toxicity and the
long time required to gather sufﬁcient data, further raise
the importance of limiting manufacture and use of PFAS
before they become exposure concerns.
EPA-validated drinking water testing protocols exist for
18 PFAS (EPA Method 537), though validated methods are
lacking for other PFAS and other media, such as groundwater. It is difﬁcult to understand why EPA has not included any PFAS in the fourth cycle of UCMR testing, despite
signiﬁcant data gaps regarding the extent of drinking water
contamination with other PFAS and the need for

surveillance using lower detection limits [85]. The focus of
current water screening and treatment efforts solely on
removing PFOA and PFOS is concerning because carbon
ﬁltration designed to remove long-chain PFAS is less
effective at removing short-chain PFAS and PFAS transformation products likely present in AFFF-contaminated
water [86] and at PFAS production sites [21].
Our review of PFAS drinking water guideline levels
highlights opportunities to extend risk assessment methods
to include some important endpoints such as mammary
gland development and immune function. Reports of
immunosuppression in children with exposures within the
exposure range prevalent in the general population have
raised concern that EPA’s HAs are not adequately protective, since modeling indicates that consumption of drinking
water at 70 ng/L would substantially increase PFOA and
PFOS blood levels above current U.S. background levels
[47]. Additionally, New Jersey’s PFOA assessment estimated that the RfD for mammary gland changes is below
median blood levels in the general population [45].
Grandjean and Clapp [47] proposed that a drinking water
concentration of 1 ng/L for PFOA and PFOS would not be
expected to lead to an increase in population-level blood
serum levels above current U.S. averages.
Our analysis also highlights opportunities to consider
epidemiological data more carefully in conjunction with
toxicological and exposure data. Despite a relatively robust
epidemiological literature for PFOA and PFOS, only New
Jersey showed how their target blood level was in the range
of exposures in human studies that show effect on vaccine
response. New Jersey also used human biomonitoring data
to illustrate that even small increases in exposure are problematic because current exposure levels are near levels
associated with health effects [22]. However, the environmental co-occurrence of multiple PFAS is a challenge for
using epidemiological data to develop guideline levels for
individual PFAS [87]. Considering information from human
biomonitoring and epidemiology adds important context to
the risk assessment process.
The scientiﬁc and regulatory landscape on PFAS continues to evolve rapidly. Advances in analytical methods
and decreased cost of measuring certain PFAS in water and
other media broaden the ability of PWSs, regulatory and
health agencies, academics, and nonproﬁts to identify water
contamination. In June 2018, the Agency for Toxic Substances and Disease Registry (ATSDR) released a draft
Toxicological Proﬁle that derived minimal risk levels
(MRLs), which are similar to RfDs, for intermediate duration exposure (15–364 days) of four PFAS routinely measured in NHANES [28]. The MRL values for PFOA (3 ng/
kg/day) and PFOS (2 ng/kg/day) are 6.7 and 10 times lower
than the RfDs EPA used to develop its 2016 HAs and
similar to those developed by New Jersey, though they are
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based on different studies and endpoints. The release of this
report became surrounded in controversy amidst suggestions that months earlier, EPA and other government ofﬁcials sought to delay its release, citing concerns about public
reaction [88], and demonstrates how political and economic
factors can affect the timely development of healthprotective guidelines.
In the absence of enforceable, nationwide water standards
for PFAS, some states have developed more health-protective
and scientiﬁcally sound guidelines. This may create or
exacerbate public health disparities because not all states
have the resources to develop guideline levels. The ability of
states to develop their own guideline levels and standards
provides diverse risk assessment approaches as models for
other state and federal regulators, while a sufﬁciently protective, scientiﬁcally sound, and enforceable federal standard
would provide more consistent protection.
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January 16, 2019

The Honorable Martin Suuberg
Commissioner
Massachusetts Department of Environmental Protection
One Winter Street, 2nd Floor
Boston, MA 02108
Subject: Comment on Petition for Rulemaking to Establish a Treatment Technique Drinking
Water Standard for Per-and Polyfluoroalkyl Substances
Dear Commissioner Suuberg:
Thank you for providing us this opportunity to comment on the “Petition for Rulemaking to Establish a
Treatment Technique Drinking Water Standard for Per-and Polyfluoroalkyl Substances”.
In the absence of federal MCL’s and due to the ever-expanding discovery of a variety of PFASs in the
Commonwealth-including my community of Barnstable--it is incumbent upon MA DEP to adopt
enforceable drinking water standards for per- and polyfluoroalkyl substances (aka PFASs) as a class.
Regulatory and scientific attention to PFAS has focused on PFOA and PFOS, but the scope of current and
future PFAS contamination is much broader. EPA and other scientists have raised concerns that
compounds in the PFAS class of chemicals are likely to pose similar health risks due to similarities in
chemical structure. However, once in the drinking water, this vast assortment of PFASs are not targeted
for elimination; just the 2 most popular flavors-PFOS and PFOA. How is that protective of the public
health? To truly ensure the public health, PFASs should be regulated as a class.
Regulating similar compounds as a class of chemicals has some earlier precedent. EPA has applied a
similar concept in establishing an MCL for a group of disinfection byproducts (HAA5) though it did not
have sufficient information on each individual chemical. EPA promulgated a group MCL even in the
absence of complete information about each individual chemical in the class in order to better protect
public health. That approach makes sense with PFASs as well. It also makes economic sense in that each
of the 3,000 + (and growing) PFAS compounds do not have to be assessed singly when they have close
chemical and toxicological similarities. There are already some existing federal regulations that treat all
long-chain PFASs similarly. The U.S. Food and Drug Administration (FDA) has restricted all long-chain

PFAS as a class, and EPA’s PFOA Stewardship Program includes PFOA and all “precursor chemicals that
can break down to PFOA”.
This is DEP’s meaningful opportunity to reduce exposure of MA citizens to all per- and polyfluorinated
chemicals. Seize it! Continued inaction re: enforceable MCL’s for PFAS As A Class has significant public
health implications for us all. A heavy burden already falls on communities like Hyannis and Westfield
that have been exposed to an indeterminate number and variety of PFASs-- For Decades, jeopardizing
personal health and livelihood into future generations. A heavier burden yet falls on our firefighters
have gotten PFAS overdoses from their heroic firefighting activities, their turn out gear, and, in our
village of Hyannis, from the water they drink. The heaviest burden impacts breast-fed infants as PFASs
easily accumulate in human breast milk and bioaccumulate to worrying levels. For human infants,
protein-rich breast milk appears to be the major source of PFAS exposure. Children who were partially
breast-fed also had significant, but lower, increases in PFAS levels over time. In some cases, by the end
of breast feeding, children’s blood levels of PFASs exceeded that of their mothers’. This has significant
implications for the Hyannis community -an EPA-designated Environmental Justice Community- and its
children’s future health.
Regulating PFASs (thousands of them), chemical by chemical, is not protective of public health, is
inefficient and costly, and will translate into decades more exposure for the PFAS-exposed Hyannis
community and others similarly exposed. Given the absence of federal protections, Massachusetts
should fulfill their obligation to protect the health of its citizens by establishing an MCL for the per-and
polyfluorinated chemicals as a class-without delay.

Sue Phelan, Director
GreenCAPE
West Barnstable, MA 02668
508.494.0276
www.GreenCAPE.org

January 17, 2019
The Honorable Martin Suuberg
Commissioner
Massachusetts Department of Environmental Protection
One Winter Street, 2nd Floor
Boston, MA 02108
Dear Commissioner Suuberg,
Thank you to the Massachusetts Department of Environmental Protection for hosting
yesterday’s meeting to discuss the important topic of PFAS drinking water guidelines.
On behalf of the STEEP Superfund Research Program at the University of Rhode Island, we are
grateful to be able to submit written comments to the Petition for Rulemaking to Establish a
Treatment Technique Drinking Water Standard for Per-and Polyfluoroalkyl Substances filed by
the Conservation Law Foundation and Toxics Action Center.
We are co-directors and project leaders of the STEEP (Sources, Transport, Exposure & Effects of
PFASs) Superfund Center, a collaboration of the University of Rhode Island, Harvard University,
and Silent Spring Institute, funded by the National Institute of Environmental Health Sciences
(NIEHS) Superfund Research Program. STEEP’s team members contribute decades of
interdisciplinary experience in developing methods for chemical detection in the environment,
determining health impacts of chemical compounds and where in the body these compounds
accumulate, training the next generation of scientists, engaging communities to improve well
water quality and awareness, and communicating complex science to a variety of audiences.
1. We strongly support the petition filed by the Conservation Law Foundation and Toxics
Action Center that MassDEP ought to act on PFASs.
2. We concur that PFASs are widespread in the Massachusetts environment.
Across the Commonwealth, the full extent of PFAS contamination in public drinking
water supplies is yet unknown due to the limited extent of monitoring efforts. Thus, in
the absence of an enforceable standard at the state or federal level, public water
supplies are not required to monitor PFASs on a routine basis. From 2013-2015, large
public water supplies in Massachusetts, those that serve at least 10,000 customers,
were required to test for six PFASs as part of the third cycle of U.S. EPA’s Unregulated
Contaminant Monitoring Rule. That testing revealed PFASs in five public water supplies,
out of the 170 that were tested through this program. However, the reporting limits for
the individual PFAS chemicals were relatively high—ranging from 10 to 90 ng/L—well

above the lowest levels measurable by some labs, and in some cases higher than
drinking water guidelines developed by some states. In other words, additional public
water supplies in Massachusetts may have PFAS levels that exceed the current
Massachusetts ORSG but did not need to be reported.
3. We agree that there are serious health concerns arising from the exposure of the
general public to PFASs.
This has already been shown by our own epidemiological research on the Faroe Islands,
where exposure to PFASs has been linked to suppressed antibody response to vaccines
(1).
4. We concur that MassDEP ought to act to protect public health from exposure to PFASs.
STEEP research is focusing on risks to human health from early-life exposures that may
occur during pregnancy or through breastfeeding, especially in communities where PFAS
contamination of the drinking water has resulted in accumulation of the substances in
women, who then pass on the PFASs to the next generation. As adverse effects on the
next generation, e.g., on the development of the immune system, may have long-term
adverse health implications, we believe that a substantial amount of precaution would
be appropriate to protect the most vulnerable part of the population. As an example,
STEEP researchers used the EPA procedures to provide a basis for decisions on reference
doses (RfDs) for the five most commonly detected long-chain PFASs. These calculations
suggest that PFAS concentrations in drinking water should not exceed 1 ng/L, a level
that can be detected by modern chemistry methods.
5. We strongly support the setting of MCLs for at least the 5 main PFASs as a sum
approach. However, we note that there are many more PFASs of concern; some
examples are given below:
Beyond the 5 PFASs MA is currently targeting, there is ample evidence that MRLs ought
to be considered for PFDA (C10), PFUnDA (C11), and PFDoDA (C12). In addition to the
continual exposures to these compounds, the health effects and toxicokinetic behavior
all indicate a similarity in behavior to PFNA. That is, C10-C12 PFCAs exhibit similar
behavior:
•

Toxicokinetic behavior: Absorption of orally administered C10-C12 PFCAs is
estimated to be >95% based on animal data. Elimination of C10-C12 PFCAs
decreases with longer carbon chains as indicated by longer half-lives reported in
both human and animal studies. Mother-child transfer efficiencies for these
compounds are often greater than PFNA as indicated by the low maternal-fetal and
maternal-infant ratios reported in the recent ATSDR toxicological profile on PFASs.

•

Animal toxicity: Toxicity for C10-C12 PFCAs appears similar to that of PFNA when
comparing endpoints.

•

Human toxicity: As noted in the recent ATSDR toxicological profiles on PFASs,
PFDA, PFUnDA, and PFDoDA have been linked with thyroid disorders and adverse
birth outcomes. PFDA and PFUnDA have been linked with serum lipid outcomes,
neurodevelopmental outcomes and prostate cancer. PFUnDA and PFDoA have
been linked to suppressed antibody response to vaccines, decreases in childhood
growth in human. PFDA has been linked with male reproductive outcomes, and
adverse pregnancy outcomes. PFUnDA has been linked to diabetes.

In addition, emerging research demonstrates that select shorter-chain alternatives may
bioaccumulate to the same extent or to a greater degree than legacy compounds such
as PFOA or PFOS (2-6). Pharmacokinetic models suggest that shorter-chain alternatives
may be equally toxic compared to legacy compounds after adjusting for differences in
toxicokinetics (7).
6. We full agree that PFASs ought to be treated as a class of chemicals, rather than be
regulated one at a time.
Shorter-chain alternatives replacing legacy PFASs continue being produced and show
widespread environmental occurrence. Perfluoroalkyl ether carboxylic acids (i.e. HFPODA or “GenX”), polyfluoroalkyl carboxylic acids, and polyfluorinated alkanesulfonates
and sulfates persist in air, surface water, and drinking water downstream from release
sources (8-12). The scientific community has repeatedly acknowledged similar
physicochemical characteristics linking >4,000 PFASs and has suggested PFASs be
considered and regulated as a group or as subgroups (13-15).
Thank you, once again, for inviting our comments. We support the petition for MassDEP to act
on PFASs.

Dr. Rainer Lohmann
STEEP Director
Professor of Oceanography
University of Rhode Island

Dr. Philippe Grandjean
STEEP Co-Director
Professor of Environmental Health
Harvard University

Dr. Laurel Schaider
STEEP Co-PI, Community Engagement
Research Scientist
Silent Spring Institute
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From: rdelaney@chelmsfordwater.com [mailto:rdelaney@chelmsfordwater.com]
Sent: Thursday, January 17, 2019 2:04 PM
To: Director-DWP, Program (DEP)
Cc: 'Todd Melanson'; 'Jennifer Pederson'
Subject: PFAS Petition Feedback

MassDEP,
The Chelmsford Water District supports the comments submitted by Massachusetts Water
Works Association relative to the petition filed by Conservation Law Foundation. The
Chelmsford Water District hopes that MassDEP takes a deliberative approach to any
future rulemaking with respect to PFAS compounds.

Sincerely,
Robert J. Delaney
Superintendent
Chelmsford Water District
20 Watershed Lane
Chelmsford,MA 01824
978‐256‐2931 phone
978‐244‐1434 fax
rdelaney@chelmsfordwater.com
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40 Shattuck Road | Suite 110
Andover, Massachusetts 01810
www.woodardcurran.com

T 866.702.6371
T 978.557.8150
F 978.557.7948

Via Electronic Mail
January 17, 2019
Mr. Martin Suuberg, Commissioner
Massachusetts Department of Environmental Protection
One Winter Street
Boston, MA 02108
Re:

CLF Petition for Rulemaking for Per- and Polyfluoroalkyl Substances (PFAS)

Dear Commissioner Suuberg:
Woodard & Curran is submitting the following written comments to assist the Massachusetts Department
of Environmental Protection (MassDEP) in considering a response to the Conservation Law Foundation’s
(CLF’s) petition for rulemaking dated October 25, 2018.
We greatly appreciate the opportunity to provide these comments on this important issue and applaud
and support MassDEP’s tremendous responsibility and efforts to protect public health and the
environment.
In the continued effort to balance the protection of public health and the costs associated with achieving
compliance with new regulations, I respectfully ask that the Department consider the following facts as
they pertain to PFAS:
•

•

•

•
•

The Environmental Protection Agency has issued a highly protective Lifetime Health Advisory
of 70 parts per trillion. Quoting from EPA…“To provide Americans, including the most sensitive
populations, with a margin of protection from a lifetime of exposure to PFOA and PFOS from
drinking water, EPA has established the health advisory levels at 70 parts per trillion.” Based
on the EPA’s process, this threshold is based on peer-reviewed science. EPA made a series
of conservative assumptions in their determination, including an assumed ingestion rate more
than double the ingestion rate typically used to establish MCLs and health advisories.
Both EPA and MassDEP have a clear and defined process for the setting of Maximum
Contaminant Levels (MCLs) in drinking water. That process involves an evaluation of
suspected health risks, cost-benefit analysis, available analytical methods, and treatment
technologies.
Studies to date are inconclusive regarding cause and effect, and most list “associations”, or
“potential associations”. In the case of PFAS, the majority of related studies have been
conducted in rodents. Epidemiological and primate studies have often contradicted the rodent
study findings and many did not indicate a “dose-response” relationship where one would
expect to see more effect at higher doses relative to lower doses.
Evidence of carcinogenicity is also inconsistent or inconclusive. A 2018 Australian Expert
Health Panel Study which performed a “meta-analysis” of numerous available studies indicated
“limited or no evidence for any link to human disease”. (ATSDR, 2018; Starling et al., 2014)
According to the Agency for Toxic Substances and Disease Registry (ATSDR) and Centers for
Disease Control and Prevention (CDC), across the US human blood levels for PFAS have gone
down significantly since phase-out of consumer products containing these compounds began,
indicating the likely predominant contribution to body burdens of PFAS from consumer products
versus drinking water. (ATSDR, 2018; CDC NHANES, 2017)

•

While treatment technologies exist for the removal of these substances from drinking water,
there will be significant cost associated with the construction of new treatment facilities as well
as the ongoing operation and maintenance of these processes. Regardless of the technology
selected, each will produce a waste stream (spent resin/GAC, membrane reject, etc.) that will
require further handling, treatment and ultimate disposal or destruction.

We believe that those charged with the development of appropriate standards for PFAS, and other future
or emerging contaminants, consider the multiple pathways of exposure and scientifically evaluate
incremental benefits in conjunction with feasibility and costs. Regulatory limits should be based on sound
science and fact, using peer-reviewed literature and toxicity studies with a preference to epidemiological
studies and meta-analysis of those studies.
While treatment technologies such as granular activated carbon, ion-exchange, membranes/reverse
osmosis, and various newer, proprietary systems may be capable of reducing PFAS to low, part pertrillion-levels, each of these comes at a significant cost. Public health protection is the foremost
responsibility of water supply professionals and the regulatory community. However, limits should not be
established based only on the fact that extremely low levels of these compounds can be detected by
laboratory analysis, or on our ability to remove them with advanced treatment systems. The lower the
limit, the higher the cost. Financial resources are also necessary to protect public health, and every dollar
spent on achieving increasingly stringent PFAS limits is one that can’t be used to rehabilitate antiquated
infrastructure, update aging treatment systems, and replace distribution piping systems that are, in many
cases, over 100 years old.
I respectfully ask that the State’s process for the determination of an appropriate maximum contaminant
level be based in scientific fact, sound estimates of adverse health effects, and consider cost to the
communities and their rate payers. I presented many of the above points during oral testimony at
MassDEP’s petition hearing on January 16, 2019. I am very thankful for that opportunity and certainly
hope to have similar future engagement. We look forward to working collaboratively with MassDEP
through the rulemaking process and would be happy to discuss our comments if you have any questions.
Sincerely,
WOODARD & CURRAN

Robert S. Little, PE
Drinking Water Practice Leader
RSL/rsl
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MassDEP received the following comment via email from multiple individuals. A list of persons
who sent this comment appears on the following page.
‐‐‐‐‐Original Message‐‐‐‐‐
To: Suuberg, Martin (DEP)
Subject: PFAS Petition Comments: Set a Strong Standard
Martin Suuberg
MassDEP
RE: PFAS Petition Comments: Set a Strong Standard
Per‐ and polyfluoroalkyl substances (PFASs), the toxic class of chemicals found in drinking
water across the country and here in Massachusetts, requires urgent attention and strong action
by MassDEP to protect the health of Massachusetts residents. I am writing to urge MassDEP to
treat these chemicals as a class and set a treatment technique drinking water standard that will
limit PFAS to 1 ppt in Massachusetts drinking water.
PFASs have been found in water in Ayer, Barnstable, Hyannis, Yarmouth, Westfield, Devens,
Danvers, Hudson, Sherborn, Bedford, Weymouth and Martha’s Vineyard and likely many more
towns and cities across the state. These chemicals are highly toxic, even in small
concentrations, and just a drop in a swimming pool has been linked to many serious health
problems including kidney disorders, cancers, reproductive disorders, immune system
problems, and more.
This toxic crisis needs to be addressed urgently. First, PFAS must be regulated as a class.
There are between 3,000 and 5,000 different kinds of PFAS chemicals, and regulating each one
individually would take years or decades. Scientists believe that all these chemicals pose similar
health risks due to their chemical structure, so MassDEP must take action now to prevent
further harm to Massachusetts residents.
Second, MassDEP should set a treatment technique drinking water standard that will limit PFAS
to 1 ppt to remove unsafe levels of the toxic chemicals from Massachusetts drinking water
thoroughly and safely. MassDEP should also require public water systems to use a safe
alternative water supply when PFAS is detected.
We need strong regulations to require more testing and remediation. Massachusetts residents
deserve to know that the water we drink is safe from toxic chemicals. As more and more towns
test for PFAS, more of the toxics are being discovered. MassDEP has the chance to set a
standard that will protect people across the state and take care of this crisis at once.
I urge you to make the right decisions now and protect our water, health and future.
Sincerely,

The following persons submitted the foregoing comment to MassDEP.
Allie Astor
Michael Basmajian
Sylvia Broude
Max Ciarlone
Henrietta Cosentino
Nicholas Friese, Fund for the Public Interest
Tesla Gibby
George Herr
Jordan Hurley
Shaina Kasper, Toxics Action Center
Natalie Kassabian
Josh Kratka, National Environmental Law Center
Heather Kunst
Kelsey Lamp
Isabella Maestri, Fund for the Public Interest
Johanna Neumann
Jennifer Newman, The Public Interest Network
Bethany Nguyen, Fund for the Public Interest
Michael O’Reagan
Nathan Proctor
Emily Reid, Fund for the Public Interest
Maureen Rickenbacker
Ruthy Rickenbacker
Megan Stokes
Nancy Strong
Shawna Upton
Emily Van Auken
Winston Vaughan

