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Summary
Introduction
In April 2015, the U.S. Air Force (USAF) asked the Agency for Toxic Substances and Disease
Registry (ATSDR) to evaluate per- and polyfluoroalkyl substances (PFAS) exposure in the private
drinking water wells near Pease International Tradeport in Portsmouth, New Hampshire (NH).
The source of PFAS is believed to be firefighting foam (aqueous film-forming foam: AFFF) used
on the former Pease Air Force Base (AFB). Chemicals from the foam likely traveled from Pease
AFB, now Pease International Tradeport, through soil and water to nearby private wells
supplying residential drinking water.
Perfluorooctanoic acid (PFOA), perfluorooctanesulfonic acid (PFOS), and perfluorohexanesulfonic acid (PFHxS) are three forms of PFAS that were detected in several of the
private wells tested. Scientific information suggests an association between PFOA, PFOS, and
PFHxS exposures and various health endpoints, including effects on cholesterol (not PFHxS),
immune responses, fetal growth and development, endocrine systems (e.g., thyroid), and the
liver. Several other PFAS were detected in the water, some of which have may have similar
health effects as PFOA and PFOS.
This report reviews data from June 2014 through June 2020 for 42 private wells near the Pease
International Tradeport. If any other private drinking water wells are identified in the PFAS
exposure area, the USAF will include them in future sampling and assessment efforts. The USAF
used “RES” followed by the well number to identify the wells sampled around Pease. ATSDR
used the same designations in the health consultation to avoid confusion.
On April 30, 2020, ATSDR released this health consultation report for public comment. The
comment period ended on July 30, 2020. ATSDR received 65 comments from individuals,
government agencies, and a corporation during the public comment period. Appendix C
provides responses to the comments received.
Conclusions
ATSDR evaluated the public health implications of past and current PFAS exposure to the
users of private wells near the Pease International Tradeport and reached four conclusions.
These conclusions are limited by several uncertainties. The specific PFAS formulation in the
AFFF used at the former Pease AFB is not known. ATSDR used a health-protective approach to
evaluate concentrations of 23 PFAS in drinking water wells. ATSDR’s conclusions are based on
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evaluation of the PFAS that were measured in the water. However, there might be other
PFAS in the water that were not measured.
Conclusion 1—Wells with Possible PFAS Hazard/Risk
Past PFAS exposures may have increased the risk of harmful non-cancer health effects,
especially to young children, who drank water from RES17, RES19, RES21, RES23, and RES37
or were born to mothers who did. The cancer risk from past exposures to all PFAS in these
wells is uncertain. No current or future harmful exposures are expected for residents using
these five water supply wells because actions have been taken to reduce or eliminate their
exposures.
Basis for conclusion
The combined past exposures to PFOA, PFOS, and PFHxS to users of RES17, RES19, RES21,
RES23, and RES37 approached health effect levels from animal studies. Thus, these exposures
may have increased the risk of harmful non-cancer health effects, especially for developmental,
endocrine (e.g., thyroid), and immune effects, in young children. Harmful effects for other
health outcomes shown to be associated with PFOA, PFOS, or PFHxS may also occur, such as
effects on cholesterol and the liver. Harmful non-cancer health effects for adults are only a
concern for users of RES17. The risk of harmful effects to adult users of the other wells (RES19,
RES21, RES23, and RES37) is uncertain because of the limited scientific information to evaluate
the public health implications of the combined exposures to all PFAS in these wells.
Human studies provide some evidence that PFOA is associated with kidney, testicular, and
prostate cancers. Animals given PFOA orally have shown high rates of various cancers (liver,
testicular, kidney, stomach, thyroid, and pancreatic). However, it is not known if the way
these cancers occur in animals is relevant to humans. Human and animal studies have shown
an association with both kidney and testicular cancers. Suggestive evidence that PFOS causes
cancer is based on limited evidence of liver cancer in rats. However, the evidence is too
limited to support a quantitative cancer assessment for PFOS. Therefore, although there is
suggestive evidence that both PFOA and PFOS are carcinogenic, the science on PFOA, PFOS,
and other PFAS is too limited at this time to quantify risk.
Limited data exist on the potential of other PFAS to cause cancer. ATSDR cannot calculate the
estimated cancer risk for other past PFAS exposures or a total cancer risk from all potentially
cancer-causing PFAS exposures. Therefore, the total cancer risk from past PFAS exposures from
these private wells is uncertain.

iii

Exposure to PFAS from food (including some shellfish from Great Bay and deer liver from the
area) and consumer products, and to other PFAS in the water, likely contribute to the overall
amount of PFAS in a person’s body. Some pre-existing risk factors might increase the risk for
harmful health effects (e.g., persons with compromised immune systems or liver function).
Protective measures
Between October 2014 and August 2016, the USAF installed whole-house water treatment
systems for wells RES17, RES19, RES21, and RES23. The USAF has monitored the treated water
quarterly for contaminants. ATSDR considers the USAF installation of the treatment systems,
quarterly monitoring, and provision of bottled water to the seasonal users at RES37/GBNWR in
Great Bay National Wildlife Refuge to be protective public health actions. As a long-term
remedy, the USAF prefers to connect the four residences with water treatment systems to the
Pease Tradeport public water supply (identified as ID NH1951020). Users of RES19 and RES21
were connected to public water in November 2019, whereas RES17 and RES23 still have wholehouse treatment systems maintained and monitored by the USAF.
Next steps—Inform and study
•

ATSDR will work with the USAF and Town of Newington to make every effort to provide
the findings of this report to the prior owners/residents of the affected properties.

•

ATSDR and the Centers for Disease Control and Prevention (CDC) are conducting a
health study of children and adults exposed to PFAS-contaminated drinking water at the
Pease International Tradeport and from nearby private wells. The study will evaluate
associations between PFAS blood levels and signs of changes in the body (e.g.,
cholesterol levels, kidney and thyroid function, and the development of specific
diseases), and will serve as the first site in CDC/ATSDR’s Multi-site Health Study looking
at the relationship between PFAS drinking water exposures and health outcomes.
ATSDR has funded seven cooperative agreement partners as primary investigators for
the Multi-site Health Study.

•

ATSDR and CDC are conducting analyses that use previously collected data to look at
rates of certain health outcomes, including many adult and pediatric cancers, in
communities that have been exposed to PFAS through drinking water and those that
have not. These are exploratory analyses (hypothesis-generating and ecologic design)
and any observed associations will require further study. ATSDR and CDC are also
developing plans for a study of PFAS and selected adult cancers using data from an
existing study population (cohort).

•

ATSDR and CDC have conducted exposure assessments in communities near current and
former military bases and that are known to have had PFAS in their drinking water. The
exposure assessments will provide information to communities about the levels of PFAS
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in their bodies. Using this information, public health professionals provide guidance to
help people reduce or stop exposure.
•

ATSDR is providing technical assistance to tribal, state, local, and territorial health
departments nationwide so they can effectively evaluate PFAS exposure in
contaminated communities. ATSDR is also providing educational materials to the public
to better understand PFAS and the health implications of PFAS exposures (see
https://www.atsdr.cdc.gov/pfas/health-effects/index.html).

Conclusion 2—Wells Where PFAS Hazard/Risk Cannot be Determined
The risk of harmful health effects (non-cancer and cancer) from past and current exposures to
mixtures of all PFAS in drinking water from 30 wells without treatment systems (see Table 5
for list of wells), now or in the past, cannot be determined.
Basis for conclusion
The public health implications of past or current exposures to users of these 30 wells cannot be
determined because we lack health information onthe entire mixture of PFAS in these wells and
the cancer risk from past and current exposure to all PFAS in these wells is uncertain because of
the limited data on the potential for these PFAS to cause cancer.
Exposure to PFOS, PFOA, and PFHxS individually or combined in drinking water from these 30
wells were evaluated and determined to not likely result in an increased risk of harmful noncancer health effects. However, other PFAS were detected in wells which could not be
evaluated because of the lack of scientific information on the health effects. Moreover, for all
30 wells, the number of PFAS detected in these wells ranged from one (RES34 and RES54) up to
13 to 16 in a few wells (RES01, RES03, RES23, RES41, and RES49). Table A-1 shows that RES01,
RES03, RES15, RES20, RES22, RES25, and RES41 had the highest total PFAS concentrations and
number of different PFAS detected (based on at least nine PFAS detected and a total PFAS
concentration greater than 0.1 micrograms per liter (µg/L) or 100 parts per trillion (ppt). In
addition to PFAS exposures from drinking water, PFAS exposure from food (including some
shellfish from the Great Bay and deer liver from the area) and consumer products likely
contribute to the overall amount of PFAS in a person’s body. See Section 2.3 (Surface Water
and Biota Issues) for links to the NH DES reports on shellfish and deer sampling.
Next steps
ATSDR recommends that the U.S. Environmental Protection Agency (EPA), NH Department of
Environmental Services (NHDES), and the USAF implement the following steps:
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•

•
•

continue investigations to characterize PFAS groundwater contamination at the site.
This is especially important since PFAS drinking water regulatory standards are
continuing to evolve.
continue monitoring the private drinking water supply wells.
identify and sample any affected private drinking water wells that were not part of the
original inventory plan.

These steps will allow the agencies to stop exposures to contaminated private drinking water
sources containing PFAS above the most current NH drinking water standards.
Investigations by applicable agencies will proceed under the Comprehensive Environmental
Response, Compensation, and Liability Act, or CERCLA, and the signed Federal Facility
Agreement; further decisions will be based on risk as determined by a Human Health Risk
Assessment using accepted toxicity values.
• The USAF preferred long-term remedy for the four residences currently with water
treatment systems is to connect them to the Pease Tradeport public water supply.
ATSDR recommends that the USAF with EPA and NHDES regulators continue their
efforts to implement a long-term remedy, which will permanently stop exposure to
contaminated private drinking water sources that have PFAS above EPA or other
applicable health-based drinking water guidelines and reduce exposures to PFAS
compounds that have no health-based comparison values (HBCVs).
• ATSDR recommends affected residents reduce their exposure to PFAS in their water by
using an alternative or treated water source for drinking, food preparation, cooking,
brushing teeth, and other uses by which they might consume well water. Using PFAScontaminated water for bathing or showering, washing dishes, and doing laundry is not
expected to result in significant PFAS exposure.
• ATSDR recommends that residents using wells where ATSDR has determined a hazard
exists for past exposures (Conclusion 1) or where current exposures cannot be
determined (Conclusion 2) should consider not consuming shellfish from certain areas of
Great Bay and not consume liver from deer harvested in the Great Bay area.
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Conclusion 3—Wells Where PFAS Hazard/Risk Unlikely or No Hazard
Past and current exposure to PFAS in drinking water from 7 wells without treatment systems
is unlikely to result in an increased risk of harmful health effects.
Basis for conclusion
For these 7 wells, harmful effects are not expected because either no PFAS have been detected
above an HBCVs or, if detected, were below or near ATSDR’s lowest HBCV.
No PFAS without HBCVs were detected in RES30 and RES42; therefore, no harmful effects are
expected. For wells with only a few detections of PFAS (e.g., RES07, RES10, RES12, RES13, and
RES27), the risk of harmful health effects is likely low as they were detected at concentrations
below or near ATSDR’s lowest HBCV.
Conclusion 4—Breastfeeding remains a healthy option
Current scientific information suggests that the health and nutritional benefits of
breastfeeding outweigh the potential risks associated with PFAS in breastmilk.
Basis for conclusion
Community members, particularly mothers who have been exposed to PFAS from the Pease
International Tradeport site, have expressed concern about the health implications of PFAS
exposures to breastfed infants. Studies have shown that infants can be exposed to PFAS during
pregnancy by transfer through the mother to the fetus and through breastfeeding. However,
breastfeeding provides clear health and nutritional benefits. Some of the many benefits for
infants include a reduced risk for ear and respiratory infections, asthma, obesity, and sudden
infant death syndrome. Breastfeeding can also help lower a mother’s risk for high blood
pressure, type 2 diabetes, and ovarian and breast cancer. In general, the Center for Disease
Control and Prevention (CDC) and the American Academy of Pediatrics recommend
breastfeeding despite the potential presence of chemical contaminants in breast milk.
(see https://www.atsdr.cdc.gov/pfas/health-effects/index.html).
Next steps
ATSDR recommends nursing mothers continue to breastfeed and contact their healthcare
providers with specific concerns. ATSDR is available to consult with healthcare providers as
needed. To help protect formula-fed infants from potential exposure, caregivers are
encouraged to use pre-mixed formula or reconstitute dry formula with water sources not
containing PFAS.
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Abbreviations used in this report
µg/L .............. micrograms per liter

NOAEL HED.... Human Equivalent Dose for NOAEL

6:2 FTS ......... 6:2 fluorotelomer sulfonate

nc ................... not calculated

8:2 FTS ......... 8:2 fluorotelomer sulfonate

ND ................. not detected

AFB ............... Air Force Base

PFAS .............. per and polyfluoroalkyl substances

AFFF ............. aqueous film-forming foam

PFBS............... perfluorobutanesulfonic acid

ATSDR .......... Agency for Toxic Substances and Disease Registry

PFBA .............. perfluorobutanoic acid

CDC .............. Centers for Disease Control and Prevention

PFCA .............. perfluoroalkyl carboxylic acids

CTE ............... central tendency exposure

PFCs ............... perfluorochemicals

DHHS ............ NH Department of Health and Human Services

PFDS .............. perfluorodecanesulfonic acid

EPA ............... US Environmental Protection Agency

PFDA .............. perfluorodecanoic acid

EtFOSA ......... N-ethyl perfluorooctane sulfonamide

PFDoA ............ perfluorododecanoic acid

EtFOSE.......... N-ethyl perfluorooctane sulfonamidoethanol

PFHpS ............ perfluoroheptane sulfonate

GBNWR ........ Great Bay National Wildlife Refuge

PFHpA ............ perfluoroheptanoic acid

HBCVs .......... health-based comparison values

PFHxS............. perfluorohexanesulfonic acid

HI ................. hazard index

PFHxA ............ perfluorohexanoic acid

HQ ................ hazard quotient

PFNA .............. perfluorononanoic acid

kg ................. kilogram

PFOSA ............ perfluorooctane sulfonamide (aka FOSA)

L ................... liter

PFOS .............. perfluorooctanesulfonic acid

LOAEL ........... lowest observed adverse effect level

PFOA.............. perfluorooctanoic acid

LOAEL HED ... Human Equivalent Dose for LOAEL

PFPeA ............ perfluoropentanoic acid

MeFOSA ....... N-methyl perfluorooctane sulfonamide

PFSAs ............. perfluoroalkane sulfonates

MeFOSE ....... N-methyl perfluorooctane sulfonomidoethanol

PFTeDA .......... perfluorotetradecanoic acid

mg ................ milligram

PFTrDA........... perfluorotridecanoic acid

MDH ............. Minnesota Department of Health

PFUnA ............ perfluoroundecanoic acid

MOE ............. margin of exposure

POE ................ point of entry

NH ................ New Hampshire

ppt ................. parts per trillion

NHANES ....... National Health and Nutrition Examination Survey

RME ............... reasonable maximum exposure

NHDES .......... NH Department of Environmental Services

USAF .............. United States Air Force

NOAEL .......... no observed adverse effect level
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1. Background and Statement of Issues
The Pease International Tradeport encompasses almost 4,300 acres in Greenland, Portsmouth, and
Newington, NH (see Appendix A, Figure A-1). The Tradeport is on land formerly occupied by the
Pease AFB. The Pease AFB began operations in 1956 and closed in 1991 [ATSDR 1999]. The USAF
transferred the Pease AFB to the Pease Development Authority in October 1991. In February 1992,
the facility was named the Pease International Tradeport. The Pease Development Authority
welcomed its first tenant in 1993 [Pease Development Authority 2017]. EPA added the site to the
National Priorities List1 on February 21, 1990, because of groundwater and soil contamination by
chlorinated volatile organic compounds, including trichloroethylene, petroleum-related volatile
organic compounds2, and metals [ATSDR 1999]. Under the National Priorities List, the USAF signed a
federal facility agreement with the EPA and State of NH in 1991. The federal facility agreement
identified the Installation Restoration Program sites and the Comprehensive Environmental
Response, Compensation, and Liability Act or CERCLA process. Sites included the former Fire
Department Area 2 and the Installation Restoration Program sites within the Haven well vicinity.
ATSDR evaluated past contamination issues in a 1999 public health assessment [ATSDR 1999].
In 2013, 22 monitoring wells located at the Former) Fire Department Area 2 (Site 8), known as
AT008, on the Pease International Tradeport were sampled3 for PFOA and PFOS (see Appendix A,
Figure A-2). Fifteen monitoring wells had detections of PFOA exceeding the former EPA provisional
health advisory of 0.4 µg/L. Eighteen monitoring wells had detections of PFOS exceeding the former
EPA provisional health advisory of 0.2 µg/L. When those concentrations are compared to the current
EPA health advisory of 0.070 µg/L, the exceedances increased to 17 wells for PFOA, and 20 wells for
PFOS [CB&I 2014]. Sampling was initiated because PFAS-containing aqueous film-forming foam
1

The National Priorities List is the list of sites of national priority among the known releases or threatened releases of
hazardous substances, pollutants, or contaminants throughout the United States and its territories. The EPA lists sites on
the National Priorities List upon completion of Hazard Ranking System screening, public solicitation of comments about
the proposed site, and after all comments have been addressed. More details are available from:
https://www.epa.gov/superfund/superfund-national-priorities-list-npl.
2

Volatile organic compounds are defined as any carbon compound, excluding carbon monoxide, carbon dioxide, carbonic
acid, metallic carbides, or carbonates and ammonium carbonate, which participates in atmospheric photochemical
reactions, except those designated by EPA as having negligible photochemical reactivity. Volatile organic compounds are
organic chemical compounds whose composition makes it possible for them to evaporate under normal indoor
atmospheric conditions of temperature and pressure. More details are available from: https://www.epa.gov/indoor-airquality-iaq/technical-overview-volatile-organic-compounds.
3

Sample collection parameters: 1-liter polycarbonate bottles and stored at 4 degrees Celsius (±2 degrees C). Samples
extracted within 14 days of sample collection. Equipment rinsate blanks collected at a frequency of 10 percent using PFCfree water supplied from the laboratory [CB&I 2014]. Detection limits for PFAS typically range from 0.0026 µg/L for PFOS
to 0.0046 µg/L for PFOA [Walton R. (Air Force Civil Engineer Center-BRAC Program Management Division) email to Gary
Perlman (ATSDR), 2018 February 22.
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(AFFF) was used at former Pease AFB to respond to airplane fuel leaks, fires, and training exercises
conducted at Site 8 [CB&I 2014]. AFFF leached into the soil and groundwater and migrated into the
water supply wells that serve the Pease International Tradeport.
AFFF was first used at Pease AFB about 1970 [NH DHHS 2015; Prevedouros et al. 2006; NRL 2015]. In
addition to Site 8, there are 21 other potentially PFAS contaminated areas that have been
investigated (see Appendix A, Figure A-3). AFFF was reported to be stored, handled, used, or
released in these areas [AMECFW 2016]. Eleven AFFF areas are subject to further evaluation. Ten
sites currently are not the focus of additional investigations [AMECFW 2017].
In 2014, private drinking water wells located within one mile of the former Pease AFB have been
under investigation to determine if PFAS has migrated to the wells [AMEC 2014]. These wells are in
the towns of Newington and Greenland, NH. Figure 1 depicts the areas where the private wells are
located.
PFAS are a class of manufactured chemicals not currently regulated by the EPA in public drinking
water supplies. PFAS have been used since the 1950s to make products resistant to heat, oil, stains,
grease, and water. They are found in some fire-fighting foams and consumer products such as
nonstick cookware, stain-resistant carpets, fabric coatings, food packaging, cosmetics, and personal
care products [EPA 2017]. People can be exposed to PFAS in the air, indoor dust, food, water, and
consumer products. Because of their extensive use, most people in the United States have been
exposed to PFAS [NIEHS 2016; EPA 2016a; CDC 2018].
PFAS persist in the environment, are water soluble, and may be detected in the soil, sediment,
water, or biota. Studies indicate that some PFAS move through the soil and easily enter
groundwater where they may travel long distances [MDH 2017a].
In April 2015, the USAF asked ATSDR to evaluate past and current exposures to PFAS found in
private wells near the former base [AMEC 2014]. The PFAS contamination in groundwater likely
came from AFFF used when Pease was an Air Force base [AMEC 2014]. It is important to note that
the type of AFFF used at the former Pease AFB and the specific PFAS formulation is not known. The
water sampling results for PFAS may not capture the full spectrum of exposures.
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2. History of PFAS Groundwater Contamination
2.1 Private Drinking Water Well Monitoring
To determine whether PFAS in groundwater migrated beyond the former Pease AFB at
concentrations that would be a public health concern, the USAF initiated an off-base private well
sampling program in 2014. That program located and sampled private drinking water wells within
one mile of the former Pease AFB boundaries.4 The PFAS monitored are identified in Table A-2 (see
Appendix A). Figure 1 depicts the off-site well inventory zone boundaries. Figure 2 depicts the
boundary of the Great Bay National Wildlife Refuge where RES37 is located. The private wells within
one mile of the former Pease AFB boundaries are in the Towns of Newington and Greenland, NH.
2.2 Fate and Transport of PFAS
Ongoing investigations by the USAF are designed to determine whether groundwater information
may provide details on the depth of contamination, groundwater flow direction, and why some
wells are more contaminated than others. The USAF is evaluating contaminant concentrations over
time to learn more about how and when the contaminants are migrating [Walton R (USAF), personal
communication to Gary Perlman (ATSDR), 2018 December 6].
2.3 Surface Water and Biota Issues
Some community members noticed foam floating on the surface waterways where they used to
play. ATSDR cannot confirm that the foam observed by the community was AFFF. If AFFF impacted
the surface water bodies, residents in the area may have been exposed to PFAS while playing in the
nearby waterways. The USAF is coordinating an investigation regarding potential effects on surface
water from springs and brooks that lead to the Great Bay. Great Bay surface water sampling was
planned for inclusion in the investigation [Walton R (USAF), email to Gary Perlman (ATSDR), 2018
December 6].
The NH DES evaluated PFAS exposures in shellfish and deer in and near Great Bay. Based on NHDES’
evaluation, it appears that
• any exposures that might have occurred to PFAS (primarily PFOS) in shellfish from the Great
Bay are not likely to result in harmful health effects;
• the existing restrictions in place would further reduce the potential for any exposures; and
• evaluation of all PFAS present in shellfish could not be done because of the lack of toxicity
data.
4

The plan included the identification and inventory of private wells in Newington and Greenland, NH within one mile of the former
Pease AFB boundary. The contractor conducted a door-to-door survey in the neighborhoods within the survey areas. Property owners
were interviewed, and well water usage data were collected. Follow-up visits were conducted if the contractor was unable to contact a
property owner during outreach. In some cases, as many as six attempts were made. There is no indication that property owners
refused to participate in the well inventory and sampling.
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Moreover, the NHDES indicated that PFOS detections occurred in shellfish collected from the Broad
Cove at the mouth of Knights Brook, Great Bay at the Mouth of McIntyre Brook, and Trickys Cove at
the mouth of Pickering Brook. The NHDES report is available from:
http://www4.des.state.nh.us/IISProxy/IISProxy.dll?ContentId=4824416.
In addition to the shellfish sampling from the Great Bay, in 2019, the NH Department of Fish and
Game sampled muscle and liver of deer in the Great Bay area. Their report is available from:
https://www.wildlife.state.nh.us/hunting/deer-pfas.html. The following is their overall findings:
No PFAS chemicals were detected in any of the muscle tissue samples tested, suggesting venison
consumption likely represents a low risk for PFAS exposure. While PFAS levels detected in deer
livers were considered moderately low, the Department still recommends hunters do not
consume deer liver. The liver is a filtering organ and therefore has potential to have high levels
of a number of contaminants.
If any residents with contaminated wells in Newington consume shellfish or deer liver from these
areas, this would add to the PFAS exposures they have received from the private wells and from
other sources. The focus of this health consultation is the evaluation of PFAS drinking water
exposures through private wells. Because the health evaluations of shellfish and deer meat
exposures have been performed by the NHDES, these exposures are not quantitatively evaluated in
this health consultation.
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Figure 1 Off-site well inventory zone (adapted from AMEC 2014)
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Figure 2 Great Bay National Wildlife Refuge (adapted from U. S. Fish & Wildlife Service, Base map of Great Bay National Wildlife
Refuge, NH, available from: https://www.fws.gov/refuge/Great_Bay/map.html)

2.4 Private Well Monitoring Results
Between June 2014 and June 2020, 42 residential wells in Newington and Greenland, NH were
sampled for 23 PFAS, including PFBA, PFBS, PFHxS, PFNA, PFOS and PFOA. Table A-3 (Appendix A)
lists the maximum detected PFAS concentrations in these wells. PFAS were detected in 40 private
wells [AMEC 2014, AMECFW 2016, Walton R (Air Force Civil Engineer Center), email to Gary Perlman
(ATSDR), 2018 February 16. Includes one file attachment with private well PFAS data from 2014 to
2017, and Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2020
September 9. Includes one file attachment with private well PFAS data through June 2020.]. Twentyfive wells had PFOA, PFOS, or both. Depicted below (Figure 3) is a summary of the wells with various
7

numbers of PFAS detections. The range of the number of PFAS detected was from none to a
maximum of 16 (out of a possible 23 PFAS analyzed). Two wells had no PFAS detections. One well
had a maximum of 16 PFAS.

Private wells and the number of different PFAS detected
14

12

Number of wells

10
8
6
4
2
0
0

1-3

4-6

7-9

10-12

13-16

Number of different PFAS detected
Figure 3. Private wells with various number of PFAS detections

In September 2014, one private residential drinking water well—designated as RES17 and located in
Newington, NH—exceeded the former EPA provisional health advisory for PFOS of 0.2 µg/L. On
October 18, 2014, in response, the USAF installed an activated carbon whole-home water treatment
system [AMEC 2014]. The USAF has monitored the treated water from RES17 quarterly for
breakthrough. The USAF maintains the activated carbon whole-home water treatment system
[Hilton S (NHDES), email to Dave Gordon (NHDES), 2015 September 28].
EPA announced the health advisory for PFOA and PFOS (0.07 µg/L; individually or combined) in May
2016. Four private wells exceeded (RES19 and RES21) or nearly exceeded (RES23 and RES37) this
level. In response, the USAF immediately provided bottled water to the users of these drinking
water wells as a prudent public health action.
Between July and August 2016, the USAF installed whole-home water treatment systems in, RES19,
RES21, and RES23. In November 2019, RES19 and RES21 were connected to public water.
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In June 2016, the USAF and the State of NH first learned that a well located at the Great Bay
National Wildlife Refuge (GBNWR; also referred to as RES37/GBNWR) was used seasonally by two
volunteer workers who connected to it from their recreational vehicle [Sandin P (NHDES), email to
Dave Gordon (NHDES), 2016 June 8]. The summed PFOS and PFOA concentrations for that well
exceeded the EPA health advisory. The seasonal users were provided bottled water from June
through October 2016 when they moved off the property [Forbes P (USAF), email to Dave Gordon
(NHDES), 2016 June 24; Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR),
2018 February 22]. The well has remained unused since 2016. The USAF will reevaluate if it is used
again. Since the well at the Great Bay National Wildlife Refuge has been inactive, the USAF has
checked with staff each spring to determine whether they expect the well will be used. They have
confirmed each spring (2017, 2018, and 2019) that they do not expect the well to be used by
seasonal employees. The well is in a portion of the site that is behind a locked gate and is not
accessible to the public [Libby Bowen (John Wood Group PLC), email to Gary Perlman (ATSDR), 2019
June 6].

3. ATSDR’s Evaluation Process
3.1 Identifying Exposure
People near an environmental release are exposed to a contaminant only if they come into contact
with the contaminant. A release does not always result in exposure. Exposure might occur by
ingestion (eating or drinking), breathing air, or skin contact with a substance.
ATSDR evaluates site conditions to determine if people could have been (a past scenario), are (a
current scenario), or could be (a future scenario) exposed to site-related contaminants. ATSDR also
considers the route a substance takes from its source (where it began) to its end point (where it
ends), and how people can come into contact (or get exposed) to it. This is an exposure pathway. An
exposure pathway has five elements:
1)
2)
3)
4)
5)

a source of contamination (for example spill or release)
an environmental media and transport mechanism (groundwater)
a point of exposure (tap water)
a route of exposure (drinking)
a receptor population (people potentially or actually exposed)

When evaluating exposure pathways, ATSDR identifies whether exposure to contaminated media
(such as drinking water) has occurred, is occurring, or might occur. ATSDR also identifies an
exposure pathway as completed or potential or eliminates the pathway from further evaluation.
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Exposure pathways are complete if all five elements of a human exposure pathway are present. A
potential pathway occurs when information on one or more pathway elements is missing but could
exist. A pathway is eliminated if at least one element is missing. (See Appendix A, Table A-4 for a
description of the exposure pathways.)
For evaluating PFAS exposures from private wells, ATSDR considered only the drinking (ingestion)
exposure route and did not include breathing (inhalation) or skin contact (dermal) contributions to
exposure. PFAS do not easily evaporate from water during bathing and showering, and absorption
of PFAS through skin is slow or limited [ATSDR, 2021]. Therefore, inhalation or skin exposures from
private well water will be negligible compared to ingestion exposures.

3.2 Exposure and Health Effects
At sufficient exposure levels, chemicals in the environment can cause harmful health effects. The
type and severity of effects are influenced by complex factors such as
●
●
●
●

concentration (how much)
the frequency or duration of exposure (how often and how long)
the way the chemical enters the body
combined exposure to other chemicals

Age, gender, nutritional status, genetics, health status, and other characteristics can affect how a
person’s body responds to an exposure and whether the exposure harms their health. When a
completed exposure pathway is identified, ATSDR evaluates chemicals in that pathway by
comparing exposure levels to screening values. Screening values are developed from available
scientific findings about exposure levels and health effects. They reflect an estimated contaminant
concentration that is not expected to cause adverse health effects for a given chemical, assuming a
standard daily contact rate (such as amount of water consumed) and body weight. To be protective
of public health, screening values are generally based on contaminant concentrations many times
lower than levels at which no effects were observed in experimental animals or human studies.
ATSDR does not use screening values to predict the occurrence of adverse health effects, but rather
to serve as a health protective first step in the evaluation process.
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3.3 Identifying Chemicals of Concern
As a first step in the evaluation process, ATSDR uses health-based comparison values5 (HBCVs) as
screening values. HBCVs are developed based on data from the epidemiologic and toxicological
literature. Uncertainty factors6, sometimes known as safety factors, are applied to ensure that the
health-based comparison values amply protect human health. Estimated doses that are below
health guidelines are not expected to cause adverse health effects. When no federal HBCVs are
available, ATSDR considers applicable state values. Data on contaminants for which there were no
federal or state HBCVs are retained for further evaluation.
ATSDR used six HBCVs in the evaluations of PFAS exposures. Four of the ATSDR-derived HBCVs
(PFHxS, PFNA, PFOA, and PFOS) were used. The remaining two HBCVs were derived by the
Minnesota Department of Health (PFBA and PFBS). Table A-5 shows the HBCVs used in this
evaluation. Please see Appendix B for details on the Minnesota evaluation process.
3.4 Summary of Screening Analysis
Table 1 summarizes the PFAS exceeding HBCVs in private water supply wells within 1 mile of the
former Pease AFB. Three PFAS (PFHxS, PFOA, and PFOS) were identified as chemicals of concern for
past and current exposures. Of the 42 sampled wells
•
•
•

9 had detectable levels of PFAS that exceeded at least one HBCV
31 had detectable levels of PFAS, but none above a HCBV
2 had no detectable levels of PFAS

Some PFAS lacking an HBCV (i.e., 6:2 FTS, EtFOSE, PFHpA, PFHpS, PFHxA, PFOSA, and PFPeA) were
also retained for further qualitative evaluation. For some of the PFAS without HBCVs, concentrations
in the water were very low, and adequate toxicological data were unavailable. These PFAS were
included in the evaluation of exposure to PFAS mixtures. Several private wells will not be further
evaluated as water from these wells either did not contain any PFAS (RES30 and RES42) or had only
a few detections of PFAS (i.e., RES07, RES10, RES12, RES13, and RES27) indicating that the risk of
harmful health effects is likely low because they were detected at concentrations below or near
ATSDR’s lowest HBCV.
5

Not all comparison values used to screen data were from ATSDR or other federal agency sources, because there were no
federal comparison values available. As the state of science on these compounds progresses, more values may become
available. Some values might be revised from their current values.
6

Uncertainty factors are used to account for uncertainties associated with extrapolations from animal to human data as
well as adjustments for intraspecies variability
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ATSDR evaluated post-treatment residential drinking water data from private wells up to June 2020.
During this period, there were very low concentrations detected for a few PFAS in samples from the
faucet of all four wells with treatment systems. For RES17, the PFAS detected in 2015 occurred
shortly after the GAC treatment was installed in March 2015, with only one detection after that in
2018. The PFAS detected were below ATSDR’s most conservative HBCV. For the other wells that
have had a treatment system, there have been only a few instances of PFAS detections in treated
water at the faucet, and the detections have been below ATSDR’s most conservative HBCV. No
current exposures are occurring to water from the seasonal well RES37 as it is no longer in use.
Only four wells (RES01, RES03, RES17, and RES23) had detectable levels of PFNA, and none were
above the HBCV indicating that no further evaluation is needed for PFNA. However, PFNA was
included as part of the mixture evaluation for RES03 and RES23 (see Public Health Implications of
Exposure to PFAS in Private Drinking Water Section below).
Other PFAS that lacked HBCVs (6:2 FTS, EtFOSE, PFHpA, PFHpS, PFHxA, PFOSA, and PFPeA) were
further evaluated to the extent possible based on available toxicological data. Other PFAS with no
HBCVs, detected at low concentrations and with limited toxicological data, were included as part of
the overall public health evaluation of the PFAS mixture. These are summarized in Table 3 in Public
Health Implications of Exposure to PFAS in Private Drinking Water Section.
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Table 1. Summary of maximum PFAS detections (µg/L) exceeding HBCVs in private drinking water
wells near the former Pease Air Force Base, Portsmouth, NH
Well ID

RES03
RES17‡
RES19‡
RES20
RES21‡
RES22
RES23‡
RES25
RES37/GBNWR inactive*

PFAS ==>
HBCV† ==>

PFOS
0.014
0.015 J

PFOA
0.021
0.024

PFHxS
0.14
0.011 J

0.57

0.11

0.53

0.089
0.038

0.02
0.021 J

0.1
0.075

0.043
0.029

0.021
0.0088 J

0.1
0.056

0.055
0.014 J
0.13

0.016
0.017 J
0.014 J

0.014
0.012 J
0.099

Notes:
Shading indicates concentration is equal to or exceeds an HBCV.
PFAS = per and polyfluoroalkyl substances, HBCV = health-based comparison value
J - Analyte was identified, but the concentration was estimated.
† ATSDR health-based comparison values [ATSDR 2021].
‡ These wells have activated carbon whole house treatment systems. However, samples were collected at the faucet
before treatment.

* The RES37/GBNWR well is for a seasonal trailer on the Great Bay National Wildlife Refuge. Users were provided
bottled water, but no treatment was installed. The well is no longer active.
Sources: AMEC 2014, AMECFW 2016, Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2018
February 16. Includes one file attachment with private well PFAS data from 2014 to 2017, and Walton R (Air Force Civil
Engineer Center), email to Gary Perlman (ATSDR), 2020 September 9. Includes one file attachment with private well
PFAS data through June 2020.

4. NH Release of New PFAS Ambient Groundwater Quality Standards
For this health consultation, ATSDR used our scientifically based standard approach to screen and
subsequently evaluate exposure doses. On September 30, 2019, NH released new ambient
groundwater quality standards for four PFAS that include: 0.012 µg/L for PFOA, 0.015 µg/L for PFOS,
0.018 µg/L for PFHxS, and 0.011 µg/L for PFNA. Additional information regarding those values may
be obtained from: https://www4.des.state.nh.us/nh-pfas-investigation/?p=1126. The NH ambient
groundwater quality standards are water concentrations established by the state. ATSDR used our
HBCVs to screen the well water concentration data for additional evaluation. If the NH ambient
groundwater quality standards had been used to screen the data, rather than the ATSDR HBCVs, the
dose calculations and conclusions in this health consultation would remain unchanged.
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5. Public Health Implications of Exposure to PFAS in Drinking Water
If contaminant concentrations exceed HBCVs, ATSDR reviews exposure variables (such as duration
and frequency), the toxicology of the contaminant, and epidemiology studies to determine the
likelihood of possible health effects.

5.1. Evaluating Health Effects: Introduction
Humans and animals react differently to PFAS, and not all effects observed in animals may occur in
humans. Scientists have ways to estimate how the exposure and effects in animals compare to what
they would be in humans.
Some PFAS build up in the human body. The levels of some PFAS go down slowly over time when
exposure is reduced or stopped. Scientists in multiple federal agencies are studying how different
amounts of PFAS in the body might affect human health over time. Most existing research has
focused on long-chain PFAS. These persist in the environment; bioaccumulate in wildlife and
humans; and are toxic to laboratory animals, producing reproductive, developmental, and systemic
effects in laboratory tests.
Long-chain PFAS comprise two sub-categories:
● perfluoroalkyl carboxylic acids (PFCAs) with eight or more carbons, including PFOA, and
● perfluoroalkane sulfonic acids (PFSAs) with six or more carbons, including
o perfluorohexane sulfonic acid (PFHxS) and
o perfluorooctane sulfonic acid (PFOS).
While persistent in the environment, PFCAs with fewer than eight carbons, such as
perfluorohexanoic acid (PFHxA), and PFSAs with fewer than six carbons, such as perfluorobutane
sulfonic acid (PFBS), are generally less bioaccumulative in wildlife and humans [EPA 2018b].
However, health effects of many short-chained PFAS and new PFAS alternatives have not been fully
researched. See Table A-2 for a listing of PFAS chemical formulas and designated chain length.

5.1.1. What are Non-Cancer Health Effects of PFAS?
Many studies have examined possible relationships between levels of PFAS in blood and harmful
health effects in people. However, not all studies involved the same groups of people, the same
type of exposure, or the same PFAS, resulting in a variety of observed health outcomes.
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Research in humans suggests that high levels of certain PFAS may lead to
• increased cholesterol levels
• changes in liver enzymes
• decreased vaccine response in children
• increased risk of high blood pressure or pre-eclampsia in pregnant women
• small decreases in infant birth weight [ATSDR 2020a]
One way to learn about whether PFAS will harm people is to do studies on lab animals.
• Most of these studies have tested doses of PFOA and PFOS that are higher than levels
found in the environment
• These animal studies have found that PFOA and PFOS can cause damage to the liver and
the immune system
• PFOA and PFOS have also caused birth defects, delayed development, and newborn deaths
in lab animals

5.1.2. What are Cancer Health Effects of PFAS?
EPA [2016b] considers the evidence that PFOA is potentially carcinogenic in humans to be
suggestive. The International Agency for Research on Cancer or IARC [2017] has determined that
PFOA is possibly carcinogenic to humans. A recent review of PFOA carcinogenicity by Steenland et
al. [2020] found the human (epidemiological) evidence remains supportive but not definitive for
kidney and testicular cancers. Findings from the National Cancer Institute [Shearer et al. 2020]
added to the evidence that PFOA might cause kidney cancer (renal cell carcinoma) in humans.
Steenland et al. [2020] also found that human studies were inconsistent but suggestive of an
association between PFOA and prostate cancer. In summary, some evidence is available from
human studies that PFOA is associated with kidney, testicular, and prostate cancers.
Animals given PFOA orally have shown high rates of various cancers. We do not know if the cancers
in animals result from a mode of action that is relevant to humans [ATSDR 2021]. A rat study from
2012 showed that PFOA exposure was associated with testicular cancers [Butenhoff et al. 2012].
More recent data from rats and mice suggest that lower PFOA doses than previously observed might
be associated with liver and pancreatic cancers in male rats and liver, kidney, forestomach, and
thyroid gland cancers in female rats [NTP 2018, 2020]. In summary, some evidence is available from
animal studies that PFOA might cause several cancers, including liver, testicular, kidney,
forestomach, thyroid, and pancreatic cancers. Of note, kidney and testicular cancers have been
shown in both human and animal studies.
Epidemiology studies of PFOS-exposed workers reported an increased risk for some cancers;
however, because of small sample sizes, the confidence intervals were wide, indicating considerable
15

uncertainty in the effect estimates [Alexander et al. 2003; Alexander and Olsen 2007; Grice et al.
2007; Olsen et al. 2004]. A causal association between cancer and PFOS exposures, based on human
studies, remains uncertain. Animal studies have found limited but suggestive evidence of PFOS
exposure and increased incidence of liver and thyroid tumors. However, there is uncertainty in
these associations as the tumors did not show a direct relationship to dose and the mechanism of
action may not be relevant to humans [ATSDR 2021].
While there is suggestive evidence that both PFOA and PFOS are carcinogenic, the science is too
limited at this time to quantify risk.
5.1.3. How Does ATSDR Evaluate Non-Cancer and Cancer Health Effects?
For those residential wells with maximum PFAS values above ATSDR HBCVs, ATSDR compared
estimated doses to the ATSDR Minimal Risk Levels (MRL). An MRL is an estimate of the amount of a
chemical a person can eat, drink, or breathe each day without a detectable risk to health for noncancer health effects. MRLs are a screening tool that help identify exposures that could be
potentially hazardous to human health. MRLs help public health professionals determine areas and
populations potentially at risk for health effects from exposure to a chemical. ATSDR has developed
more than 400 human health MRLs. For those PFAS detected above an HBCV, ATSDR further
evaluated the exposure by comparing the dose to the MRL by calculating a hazard quotient (HQ =
ratio of exposure dose divided by the MRL). Finally, if the HQ is greater than one, ATSDR conducted
an in-depth evaluation of the exposure. Moreover, to put these HQs into perspective, ATSDR
calculated the MOE. The MOE is the effect level from the study used by ATSDR to derive the MRL,
divided by the estimated exposure dose. The MOE measures how close an estimated residential
exposure is to effect levels in animal studies used to derive ATSDR’s MRL or other studies. The
smaller the MOE, the closer the exposure dose is to an effect level.
Exposure above the MRLs does not mean that health problems will occur. Instead, it signals health
assessors to look more closely at a site where exposures may be identified. MRLs do not define
regulatory or action levels for ATSDR.
The way the MRL is calculated can change depending on the type and quality of data available. MRLs
can be set for three different lengths of time people are exposed to the substance:
● Acute—about 1 to 14 days
● Intermediate—from 15 to 364 days
● Chronic—more than 365 days
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MRLs are calculated for different exposure routes, for example: inhalation and ingestion. MRLs are
developed for non-cancer health effectsFor PFAS, ATSDR developed MRLs for PFOS, PFOA, PFHxS,
and PFNA ingestion based on intermediate duration oral animal studies. ATSDR is using these oral
MRLs to screen and evaluate chronic exposures also [ATSDR 2021]. ATSDR’s MRLs are developed for
the most sensitive population (the fetus/neonate) and are protective for the entire population. In
addition, ATSDR considered immune effects as these effects may be more sensitive than
developmental effects.
Proposed MRLs undergo a rigorous review process. Following internal review by ATSDR’s expert
toxicologists and before being submitted for public comment, they are sent to an expert panel of
external peer reviewers, an interagency MRL workgroup, with participation from federal agencies,
such as CDC’s National Center for Environmental Health and National Institute of Occupational
Safety and Health, the National Institutes of Health’s National Toxicology Program, and the EPA
[ATSDR 2021].
An intermediate-duration (15 to 364 days), oral MRL of 3 × 10–6 milligrams per kilogram per day
(mg/kg/day) was derived for PFOA based on neurodevelopmental effects (i.e., altered activity at age
5–8 weeks and skeletal alterations at age 13 to 17 months) in the offspring of mice fed a diet
containing PFOA [Koskela et al. 2016]. The MRL is based on a human equivalent dose, lowest
observed effect level (LOAELHED) of 8.21 × 10–4 mg/kg/day, and a total uncertainty factor of 300 (10
for use of a LOAEL, 3 for extrapolation from animals to humans, and 10 for human variability).
For PFOS, ATSDR derived an intermediate-duration oral MRL of 2 × 10–6 mg/kg/day based on
developmental effects (i.e., delayed eye opening and transient decrease in body weight during
lactation) in the offspring of rats administered PFOS [Luebker et al. 2005]. The MRL is based on a
human equivalent dose for the no observed adverse effect level (NOAELHED) of 5.15 × 10–4
mg/kg/day and a total uncertainty factor of 30 (3 for extrapolation from animals to humans with
dosimetric adjustments and 10 for human variability) and a modifying factor of 10 for concern that
immunotoxicity may be a more sensitive endpoint than developmental toxicity) [ATSDR 2021]. The
estimated LOAELHED based on the Luebker et al. 2005 study is 2.1 × 10–3 mg/kg/day7.

7
HEDs not cited in the Final PFAS Toxicological Profile were calculated using the same process as was used for MRL derivation. This
process is detailed in the introduction to the MRL worksheets (Appendix A of the 2021 Final PFAS Toxicological Profile). The
inherent problem with PFAS is that one cannot extrapolate directly from dose to serum level. For this reason, ATSDR has taken the
steps of estimating time-weighted average serum levels based on pharma-kinetic or PK models (for PFOA and PFOS) or measured
serum levels (for PFHxS and PFNA) based on the trapezoid rule.

HED values are based on steady state serum concentrations. Ideally, this type of extrapolation from applied dose to HEDs would be
possible, but it is not the case for PFAS. There is an intermediate step from applied dose to steady state serum concentrations to HEDs.
Time-weighted average serum concentrations are estimated from the measured serum concentrations from the study of interest from the
areas under the curve calculated using the trapezoid rule.
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For PFHxS, ATSDR derived an intermediate-duration oral MRL of 2 x 10–5 mg/kg/day based on
thyroid follicular cell damage, which is considered the most sensitive health outcome, in adult male
rats administered PFHxS for a minimum of 42 days [Butenhoff et al. 2009; Hoberman and York
2003]. The MRL is based on a human equivalent dose NOAEL of 4.7 x 10–3 mg/kg/day, a total
uncertainty factor of 30 (3 for extrapolation from animals to humans and 10 for human variability),
and a modifying factor of 10 for database limitations. ATSDR added the modifying factor for
database limitations to account for the small number and limited scope of studies examining PFHxS
toxicity following intermediate-duration exposure, particularly studies examining immune effects, a
sensitive endpoint for other PFAS, and general toxicity [ATSDR 2021]. ATSDR estimates the HED
LOAEL for the above studies to be 7.3 x 10–3 mg/kg/day.
Currently, scientists are still learning about the health effects of exposures to mixtures of PFAS. In
addition, investigators are actively studying whether being exposed to multiple PFAS at the same
time increases the risk of health effects. Only two studies [Carr et al. 2013; Wolf et al. 2014] have
shown that binary pairs of PFAS (i.e., comparing only two PFAS) show concentration and response
additivity at lower concentrations, but deviate from additivity at higher concentrations [Wolf et al.
2014]. These possible interactions or dose additivity complicate the interpretation of the
epidemiology data.
In the absence of data, chemical component-based approaches are used in risk assessment of
chemical mixtures. Component chemicals, that are judged to be toxicologically similar, are
evaluated by dose additive risk assessment methods that include the hazard index, relative potency
factors, and toxicity equivalency factors. These methods are based on potency weighted dose
addition and assume that there are no greater than or less than additive interactions among the
chemicals in the dose region of interest. Because data are limited, ATSDR cannot assume any
mixture effect besides additivity.
In the absence of other methods, ATSDR recommends a tiered approach to determine whether
further evaluation of mixture effects is necessary [ATSDR 2018a]:
•

In Tier 1, an HQ is calculated for each of the identified contaminants. For the PFAS assessed
in this report, we can only evaluate mixtures using noncancer health guidelines.8 Mixtures of
contaminants with hazard quotients greater than 0.1 are carried forward for Tier 2 analysis.

8

Intermediate MRLs based on noncancer effects are available for PFOA, PFOS, PFHxS, and PFNA. State reference doses
based on noncancer effects are available for PFBA and PFBS. No official cancer slope factors exist for PFAS at the time
of this report. Potential cancer effects are discussed later in this report.
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•

In Tier 2, for multi-component mixtures, all hazard quotients (regardless of the target organ) are
summed to obtain a hazard index. Mixtures with a hazard index greater than 1 are carried forward to
Tier 3 analysis. Tier 2 analysis assumes that doses are additive.

•

Tier 3 analysis is a detailed analysis of potential mixture effects, considering, for example, shared
target toxicities of each mixture component, sensitive subpopulations, or more refined estimates of
potential exposure to the mixture.

ATSDR also conducted a qualitative analysis of the scientific literature to determine which PFAS
might have similar target organ effects.
ATSDR considered several factors in evaluating if health effects are likely from current and past
exposures, including the following:
•
•

Potential effects of exposures to PFOA, PFOS, and PFHxS (individually)
Potential effects of exposures to 6:2 FTS, EtFOSE, PFHpA, PFHpS, PFHxA, PFOSA, and PFPeA
(individually)

•
•
•

Potential effects of exposures to a mixture of PFAS
Potential contributions from other sources
Potential effects on susceptible populations: persons with pre-existing conditions and early
development

ATSDR used the maximum detected concentration in each well as a health-protective approach
when evaluating exposure from contaminated wells (see Appendix A, Table A-3). To estimate the
exposure doses from past and current water consumption, ATSDR used default exposure scenario
assumptions [ATSDR 2016a, 2016b]. ATSDR calculates exposure doses for each age group using
average estimates of drinking water intake rates to determine the central tendency exposure (CTE).
ATSDR also calculates the reasonable maximum exposure (RME) using reasonable maximum
estimates of drinking water intake for each age group (see Appendix A, Table A-6 for description of
exposure assumptions, and Equations 2 and 3 in Appendix A for how the CTE and RME were
calculated).

5.2. Wells with Potential PFAS Hazards/Risks (5 wells: RES17, RES19, RES21,
RES23, and RES37)
5.2.1 Evaluation of Past Exposures to PFAS with HBCVs
ATSDR used several measures to evaluate whether harmful effects are possible (i.e., whether there
is an increased risk) from exposure to PFOA, PFOS, or PFHxS alone or combined. These include the
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hazard index (HI), hazard quotient (HQ), and margin-of-exposure (MOE). The MOE measures how
close a residential exposure is to effect levels from animal studies used to derive the MRL. The
following public health evaluation discusses these measures and how they were used to determine
whether harmful effects are possible for an individual PFAS exposure and exposure to a mixture of
PFAS in each well evaluated. Table 2 summarizes the calculated measures for each of the residential
wells with at least one of the maximum PFOA, PFOS, or PFHxS levels above an ATSDR HBCV (see
Table 1). These measures are based on a health-protective scenario for a child (birth to 1 year old),
based on an upper-percentile water intake (the reasonable maximum exposure or RME). The
maximum concentrations detected in RES23 were collected at the wellhead. The PFOS, PFOA, and
PFHxS levels detected in the faucet sample for RES23 were below ATSDR’s HBCVs. However,
exposures to the maximum levels detected could have occurred; therefore, ATSDR is evaluating
these as actual exposures.
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Table 2. Public health implication evaluation measures for users of private wells that have
perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid (PFOA), or perfluorohexanesulfonic
acid (PFHxS) above a health-based comparison value (HBCV), based on a reasonable maximum
exposure (RME) dose for children ages birth to 1 year
Well
ID

Hazard Quotient
(HQ)
PFOS PFOA PFHxS

Margin-of-Exposure (MOE)*

Mixture Hazard
Index (HI) †

RES03

1

1

<1

PFOS
(developmental)
970

PFOS
(immune)
14-180

PFOA

PFHxS

236

4581

2

RES17

41

5

3

25

<1-5

52

137

49

RES19

6

<1

<1

170

3-22

830

504

7

RES20

3

1

<1

381

8-100

270

672

4

RES21

3

1

<1

340

5-64

270

690

5

RES22

2

<1

<1

540

8-100

900

900

3

RES23

4

<1

<1

280

4-53

380

16796

5

RES25

1

<1

<1

1000

15-200

333

2519

2

RES37

9

<1

<1

110

2-21

400

512

11

Notes: *The MOEs are based on either developmental effects (PFOA and PFOS), immune effects (PFOS) or thyroid effects (PFHxS).
Immune MOEs are based on the HED LOAELs from the Guruge et al. (2009) and Dong et al. (2011) animal studies of 3.1 x 10–5
mg/kg/day and 4.1 x 10–4 mg/kg/day, respectively.
† The mixture hazard index measures whether there is an increased risk of harmful effects beyond what might be expected from
exposures to PFOS, PFOA, or PFHxS alone. Based on ATSDR’s Mixtures Framework [ATSDR 2018a], only PFAS with an HQ ≥ 0.1 were
included in the HI calculation. PFNA is only included in the HI calculations for RES03 and RES23 as PFNA was either not detected in
other wells or the HQ was less than 0.1. PFHxS was included in all His calculations except for RES03 because the HQ was less than 0.1.
PFBS and PFBA were not included in any of the HI calculations because the HQs were less than 0.1. Exposure to the mixture for all of
these wells was further evaluated because their HIs were all greater than 1.0.
Abbreviations: HI = the sum of the hazard quotients for PFOS, PFOA, and PFHxS to evaluate mixtures; HQ = ratio of exposure dose
divided by the MRL. For the mixture HI and HQ, if greater than 1.0, as the HI and HQ increase, so does the concern for potential
mixture or individual health effects, respectively; MOE = health effect level used to derive the MRL divided by the exposure dose. The
MOE measures how close a residential exposure is to effect levels from animal studies used to derive the MRL; an individual measure
not applicable as water level not above a HBCV.

PFOA and PFOS. ATSDR compared estimated exposure doses with the MRLs for PFOA and PFOS.
ATSDR calculated PFOS and PFOA exposure doses for each well using the maximum detected values.
ATSDR used age group-specific exposure assumptions and calculated hazard quotients (HQ) for each
estimated dose. An HQ is the ratio of the exposure dose divided by the MRL.
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HQs for PFOS were greater than the HQs for PFOA. For RES17, all PFOS HQs for both the CTE and
RME scenarios were elevated (HQ > 1.0) for all age groups and for pregnant and lactating women.
For RES17, HQs for PFOA exposures were elevated for young children (birth to < 1 year) for both the
CTE and RME scenarios but elevated only for the RME scenario for the other age and exposure
groups. PFOA exposure HQs were all less than 1.0 for users of RES19, RES21, RES23, and RES37. The
HQ for young children using the RME scenario for RES21 was 1.01.
(See Appendix A tables for HQ calculations: RES17-Tables A-7 to A-9; RES19-Table A-10; RES21Tables A-11 and A12; RES23-Tables A-13 and A-14; RES37-Tables A-15 and A-16)
ATSDR calculated the MOE for RES17, RES19, RES21, RES23, and RES37. For RES17, the PFOS MOE
for developmental effects was about 57 for the CTE scenario and 25 for the RME scenarios for the
birth to < 1-year age group. To provide perspective to exposure doses and immune effects levels
found in the scientific literature, MOEs were also calculated based on the Dong et al. [2011] and the
Guruge et al. [2009] studies and an RME scenario (Table 2). Based on the current scientific
literature, ATSDR believes that the immune effect levels from PFOS exposures lies somewhere
between the HED LOAELs for these two studies (i.e., 4.1 x 10–4 mg/kg/day for the Dong study and
3.1 x 10–5 mg/kg/day for the Guruge study). Exposure doses near or exceeding the lower LOAEL HED
from the Guruge et al. [2009] study would be considered potentially harmful. Therefore, historical
PFOS exposures to young children (birth to < 1 year) from RES17 may result in harmful immune
effects.
For RES17, the PFOA MOE for neurodevelopmental effects was about 120 for the CTE scenario and
52 for the RME scenario for a child, birth to < 1 year. The PFOS MOEs for adults and lactating and
pregnant women ranged from 75 to 100 for the RME scenario and 160 to 300 for the CTE scenario.
Based on this analysis, individual PFOS and PFOA exposures to these exposed groups using RES17 is
not likely to have increased the risk for non-cancer health effects. These estimated exposures
exclude possible PFOA and PFOS exposures from non-drinking water sources and other PFAS in their
drinking water and from other sources.
For RES19, RES21, RES23, and RES37, the PFOS developmental effect MOEs for young children (birth
to < 1 year) ranged from 110 to 340 for the RME scenario which is well below effect levels. As above,
the MOEs for immune effects ranged from 2 to 5 when using the Guruge study and 21 to 64 when
using the Dong study. Therefore, PFOS exposures to young children using these wells may increase
the risk for non-cancer immune health effects, but other age groups and pregnant and lactating
women are at a low increased risk.
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(See Appendix A tables for MOE calculations based on studies used to derive the ATSDR
intermediate MRL and for HQ calculations see RES17-Tables A-7 to A-9; RES19-Table A-10; RES21Tables A-11 and A12; RES23-Tables A-13 and A-14; RES37-Tables A-15 and A-16.)
PFHxS. Only RES17 exceeded ATSDR’s HBCV for PFHxS. The HQs for all exposed groups and ages
were below 1.0 except for young children for the CTE (birth to < 1 year) and RME (birth to < 6 years)
scenarios (see Appendix A, Table A-7). ATSDR calculated a PFHxS MOE to put these HQs into
perspective. For RES17, assuming 100% of the PFAS exposure is from drinking water, a child younger
than 1 year of age will have the highest PFHxS exposure doses. The MOE was about 307 for the CTE
scenario and 137 for the RME scenario (see Appendix A, Table A-7). Based on this analysis, young
children who consumed water at a higher daily intake rate (the RME scenario) would have a low
increased risk of harmful non-cancer effects. However, the conclusions for PFHxS human health
effects are limited as the number and scope of intermediate study duration studies are limited,
especially for studies examining immune effects, a sensitive endpoint for other PFAS, and general
toxicity [ATSDR 2021].
Mixture of PFOS, PFOA, and PFHxS.
For RES17, the HIs (based on an RME scenario) were greater than 1.0 for all age groups and
pregnant and lactating women. The HIs for the other wells were greater than 1.0 only for young
children (birth to < 1 year). Therefore, because of combined exposures to PFOA, PFOS, and PFHxS,
all age groups that used RES17 might have increased risk for developmental, endocrine (thyroid),
and immune effects greater than what might be expected from any one of these chemicals. Among
users of other wells, only young children would have risk greater than what might be expected from
exposure to any one of these PFAS alone. Harmful effects for other health outcomes shown to be
associated with PFOA, PFOS, or PFHxS might also occur. The risk for harmful non-cancer effects to
adult users of RES19, RES21, RES23, and RES37 from past exposure to the total mixture of PFAS
(beyond PFOA, PFOS, and PFHxS) is uncertain because ATSDR lacks scientific information to evaluate
this mixture.
(See Appendix A tables for HI calculations: RES17-Table A-21; RES19-Table A-22; RES21-Table A-23;
RES23-Table A-24; RES37-Table A25)
5.2.2 Evaluation of Past Exposures to PFAS without HBCVs
In addition to PFOA, PFOS, and PFHxS exposures above HBCVs, people using wells RES17, RES19,
RES21, RES23, and RES37 were exposed to the other PFAS at the maximum concentrations shown in
Table 3. None of these wells had levels of PFBA nor PFBS above the Minnesota HBCVs. This section
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evaluates exposure to those PFAS without HBCVs individually; it does not evaluate the mixture.
ATSDR could not fully evaluate PFAS exposures because of the lack of scientific data. However, in
this health consultation, ATSDR provides some health perspective on these PFAS exposures to
owners of all wells. ATSDR has consulted with several well owners and remains available to consult
with other individual well users on PFAS exposures in their wells.
Table 3. Maximum detected PFAS concentrations (other than PFOA, PFOS, and PFHxS) in Greenland
and Newington, NH, private wells within 1 mile from the former Pease Air Force Base, Portsmouth,
NH; concentrations in micrograms per liter (µg/L) 2014 to 2020
Well Identifier
RES03
RES09
RES17
RES19
RES20
RES21
RES23
RES25

6:2 FTS
0.0068
ND
0.041
ND
0.77*
ND
ND
ND

EtFOSE
0.009
ND
ND
0.012
ND
ND
0.012
ND

PFHpA
0.013
0.012
0.066
0.003
0.0038
ND
0.011
0.0063

PFHpS
0.0047
ND
0.03
0.007
0.0076
ND
0.007
ND

PFHxA
0.01
0.014
0.27
0.025
0.02
0.021
0.017
0.0078

PFOSA
ND
0.0048
0.0043
0.007
0.028
ND
0.009
0.017

PFPeA
0.01
0.024
0.14
0.024
0.011
0.02
0.02
0.0088

Note: ND = Not detected; * This well had an apparent anomaly–an elevated concentration of 0.77 µg/L. That concentration was never
duplicated at that well; one other detection was much lower at 0.0059 µg/L
Sources AMEC 2014, AMECFW 2016, Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2018 February 16.
Includes one file attachment with private well PFAS data from 2014 to 2017, and Walton R (Air Force Civil Engineer Center), email to
Gary Perlman (ATSDR), 2020 September 9. Includes one file attachment with private well PFAS data through June 2020.
Abbreviations: 6:2 FTS = 6:2 fluorotelomer sulfonate; EtFOSE = N-ethyl perfluorooctane sulfonamidoethanol; PFHpA =
perfluoroheptanoic acid; PFHpS = perfluoroheptane sulfonate; PFHxA = perfluorohexanoic acid; PFOSA = perfluorooctane
sulfonamide; PFPeA = perfluoropentanoic acid.

PFAS, besides those shown in Table 3, also were found in these and other wells but were generally
detected less frequently and at lower levels (see Appendix A, Table A-3). Table 4 below shows
which health effects these PFAS have been associated with in either animal or human studies. A
depiction, based on the best available scientific information, of the likely health effects for exposure
to each compound shown in Table 3 is discussed below.
PFHxA. Although PFHxA, based on either animal or human studies, has been associated with several
health outcomes, ATSDR determined that insufficient information exists to determine an MRL
(ATSDR 2021). One animal study evaluated the chronic oral (ingestion) toxicity of PFHxA in
laboratory animals [Klaunig et al. 2015]. Exposure of female rats to 200 mg/kg/day resulted in
changes in blood (decreases in red blood cells and hemoglobin levels, and increases in reticulocyte
counts), kidney effects (tubular degeneration, necrosis, increased urine volume, and reduced
specific gravity), and liver effects (necrosis). No adverse changes were seen in female rats given
doses of 30 mg/kg/day or in male rats given 100 mg/kg/day doses. In addition, ATSDR’s PFAS
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Toxicological Profile [ATSDR 2021] provides information on several intermediate duration studies
with various organ effect levels (LOAELs) ranging from 100-500 mg/kg/day. The maximum site
exposure dose is about 250,000 times below the lowest LOAEL from these studies. A major
uncertainty related to this study is that researchers did not measure serum PFHxA levels which
would allow ATSDR to calculate a human equivalent dose.
Based on the maximum detected concentration of PFHxA from RES17, the estimated RME dose for a
child (birth to less than 1 year old) is 5.4 x 10–5 mg/kg/day (see Appendix A, Table A-20). This dose is
about 500,000 times lower than the lowest NOAEL from the Klaunig et al. [2015] study. Exposures
from other private wells with the highest detected levels of PFHxA (RES19) would produce even
higher margins between exposure doses and effect levels, which would indicate less risk. Based on
this study, harmful effects are unlikely. PFHxA has not been studied as extensively as the PFAS with
ATSDR MRLs, especially for the most sensitive health endpoints, such as developmental and immune
effects, and the only identified chronic study has limitations.
PFHpA, PFPeA, 6:2 FTS, PFHpS, PFOSA, and EtFOSE. The scientific literature has very limited
information from animal studies relating to the health effects of exposure to perfluoroheptanoic
acid (PFHpA), perfluoropentanoic acid (PFPeA), 6:2 fluorotelomer sulfonate (6:2 FTS),
perfluoroheptane sulfonate (PFHpS), perfluorooctane sulfonamide (PFOSA), and n-ethyl
perfluorooctane sulfonamidoethanol (EtFOSE). However, human studies relating to exposure to
these PFAS are more numerous but still overall limited for making strong conclusions regarding their
association with various health outcomes.
For PFHpA, ATSDR identified several human studies (e.g., for cardiovascular disease, development,
immune system). However, overall, these studies found either no association, no consistent
findings, or were too few to make definitive conclusions of an association. [ATSDR 2021]. No
animal studies were identified for PFHpA.
For PFOSA, there is one animal study for acute oral exposure. No animal studies for intermediate or
chronic exposures are available. The one acute animal study determined a hepatic and body weight
no effect level (NOAEL) but did not determine a LOAEL. ATSDR identified several human studies of
PFOSA exposures (about 12 studies) that either showed no association, no consistent findings, or
were too few to make definitive conclusions of an association. One human study showed an
association with breast cancer [ATSDR 2021; please note that ATSDR toxicological profile designates
this PFAS as FOSA which is the same as PFOSA].
Studies have shown that EtFOSE is metabolized and degrades in the environment to PFOS. In animal
studies, EtFOSE caused developmental effects similar to those associated with PFOS [DeWitt 2015].
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Persons exposed to both PFOS and EtFOSE might have an increased risk for developmental effects,
but ATSDR is unable to quantify this mixture effect with current knowledge.
No human studies were identified for exposures to 6:2 FTS. 6:2 FTS has been detected at low levels
in some consumer products, drinking water, air, and fish. Human exposure might occur through any
of these pathways. Some animal studies have shown that 6:2 FTS can cause kidney and liver toxicity,
but it does not 1) cause damage to DNA, 2) act as a skin sensitizer, or 3) cause toxicity to
reproductive organs or to the developing fetus [NASF 2019]. However, these studies are very
limited, and no definitive conclusions can be drawn relating to potential effects of 6:2 FTS exposures
in humans.
For all the PFAS discussed in this section, ATSDR determined that insufficient information exists to
determine an MRL (ATSDR 2021). Moreover, none of the studies from the current scientific
literature would allow ATSDR to calculate a human equivalent dose to compare the exposure dose
from drinking private well water to effect levels. Therefore, ATSDR cannot evaluate these PFAS using
its standard public health assessment approach. Additional analysis of the PFAS mixture in each well
is provided below.
5.2.3 Evaluation of Cancer Health Effects from Past Exposures
Based on the recent human studies and the National Toxicology Program (NTP) animal studies
discussed above, EPA and some state agencies are reassessing their PFOA CSFs. CSFs based on the
more recent NTP studies might be different from the CSF previously derived by EPA for testicular
cancer. For these reasons, ATSDR no longer recommends the use of the 0.07 (mg/kg/day)–1 CSF to
evaluate PFOA cancer risk.
EPA cites suggestive evidence that PFOS causes cancer, based on limited evidence of liver cancer in
rats. However, the evidence was too limited to support a quantitative cancer assessment for PFOS
[EPA 2016a]. EPA has not classified any other PFAS as potentially carcinogenic and has not derived
oral CSFs for PFOS or other PFAS, mostly because animal and human data are insufficient. Therefore,
similar to PFOA, ATSDR cannot calculate the estimated cancer risk from PFOS or other PFAS.
Until more definitive data are available, ATSDR is only able to evaluate the cancer risk posed by
PFOA, PFOS, and other PFAS exposures qualitatively. Therefore, the actual cancer risk from PFOA,
PFOS, other PFAS, or PFAS mixture exposures is uncertain.

26

5.2.4 Evaluation of Current Exposures to PFAS with HBCVs
No exposures above HBCVs have occurred since treatment systems were installed on wells RES17,
RES19, RES21, and RES23, or since RES37 was abandoned. Therefore, no harmful effects are
expected from current exposure to these PFAS. In addition, no harmful exposures are occurring
from drinking water at RES19 and RES21 because these residents have been connected to public
water in November 2019.
5.2.5 Evaluation of Current Exposures to PFAS without HBCVs
ATSDR evaluated the drinking water sampled from private wells with treatments systems. The
samples were collected after going through the treatment system. During the period from 2017
through June 2020, there were very low concentrations detected for a few PFAS in samples from the
faucet. For RES17, the PFAS detected in 2015 occurred shortly after the GAC treatment was installed
in March 2015, with only one detection after that in 2018. The PFAS detected were below ATSDR’s
most conservative HBCV. For the other wells that have had a treatment system, there have been
only a few instances of PFAS detections in treated water at the faucet, and the detections have been
below ATSDR’s most conservative HBCV. No current exposures are occurring to water from the
seasonal well RES37, as it is no longer in use. In addition, no harmful exposures are occurring from
drinking water at RES19 and RES21 because these residents have been connected to public water in
November 2019.
5.2.6 Evaluation of Cancer Health Effects for Current Exposures
As stated in section 5.2.3, there is uncertainty with the current EPA CSF for PFOA. In addition,
because of the lack of EPA CSFs for other PFAS (due to lack of the data), ATSDR cannot calculate the
estimated cancer risk from other potentially carcinogenic PFAS exposures. Therefore, the actual
cancer risk from all PFAS exposures from private wells is uncertain. However, because no or few
PFAS at low levels have been detected in water from RES17, RES19, RES21, and RES23 since
treatment systems were installed, ATSDR would expect no or a low increased risk for cancer. No
harmful exposures are occurring from seasonal well RES37, which is no longer in use. In addition, no
harmful exposures are occurring from drinking water at RES19 and RES21 because these residents
were connected to public water in November 2019.
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5.3. Wells Where PFAS Hazard/Risk Cannot be Determined (30 wells)
5.3.1 Evaluation of Exposures to PFAS with HBCVs (RES03, RES09, RES20, RES22, and
RES25)
Four wells (RES03, RES20, RES22, and RES25) had a maximum detection that exceeded the ATSDR
HBCV for PFOS. Two maximum values for RES03 and RES20 were above the PFOA HBCV. None had
maximum PFHxS levels that exceeded ATSDR’s HBCV. None had combined PFOA and PFOS levels
that exceeded the EPA health advisory. Table 2 shows the measures used to evaluate PFOS and
PFOA.
PFOS. All CTE scenario HQs for all ages and exposure groups who consumed water from RES03,
RES20, RES22, and RES25 were below 1.0. Exposures below an HQ of 1.0 indicate that no harmful
effects from exposures to PFOS alone are expected. However, the RME scenario HQs for RES03,
RES20, RES22, and RES25 were above 1.0 (from about 1.0 to 2.8) for a young child (birth to < 1 year).
ATSDR also evaluated the MOE for each of these PFOS exposures. The RME scenario MOE for these
wells ranged from 381 to 1,000 for young children (birth to < 1 year). The MOEs for all other age
groups and pregnant and lactating women all exceeded 1124. Based on this analysis, no harmful
non-cancer health effects are likely from PFOS exposures to users of these wells.
(See Appendix A tables for HQ and MOE calculations: RES03-Table A-17; RES20-Table A-18; RES22no table, exposures are similar to RES20; RES25-Table A-19.)
PFOA. All CTE scenario HQs for all ages and exposure groups who consumed water from RES03 and
RES20 were below 1.0. Exposures below an HQ of 1.0 indicate that no harmful effects from
exposures to PFOS alone are expected. However, the RME scenario HQs for RES03 and RES20 were
slightly elevated (1.01 to 1.16) for a young child (birth to < 1 year). ATSDR also evaluated the MOE
for each of these PFOS exposures. The RME scenario MOE for these wells ranged from 236 to 270
for young children (birth to < 1 year). The MOEs for all other age groups and pregnant and lactating
women all exceeded 795. Based on this analysis, no harmful non-cancer health effects are likely
from PFOS exposures to users of these wells.
(See Appendix A tables for HQ and MOE calculations: RES03-Table A-17a and RES20-Table A-18a.)
Mixture of PFOS, PFOA, and PFHxS. No HIs were elevated for the CTE scenario. For RES03 and
RES20, the HIs were slightly elevated between 3.3 to 4.3 for the RME scenario (see Table 2). These
data do not provide enough evidence that the combined PFOS, PFOA, and PFHxS exposures to users
of wells RES03 and RES20 significantly increase the risk of harmful non-cancer effects except for
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what might be expected from exposure to any one of these PFAS alone. However, these wells also
contained other PFAS. Further health perspective for the total mixture of PFAS found in these wells
is provided below, and ATSDR is available to discuss these findings with the users.
(See Appendix A tables for HI calculations: RES03-Table A-26, and RES 20-Table A-27 and RES25Table A-28. Although RES22 is not shown, HIs would be slightly less than for RES20).
5.3.2 Evaluation of Exposures to PFAS without HBCVs (See Table 5 below for listing of 30
wells)
In addition to PFOA, PFOS, and PFHxS exposures above HBCVs, people using wells RES03, RES09,
RES20, RES22, and RES25 are also exposed to the other PFAS at the maximum concentrations shown
in Table 3. None of these wells had levels of PFBA nor PFBS above the Minnesota HBCVs. In addition,
25 other wells detected PFAS with no HBCV. See above for the discussion of the known public health
implications of exposure to PFAS without HBCVs. For all the PFAS detected in water from these
wells, no animal or other studies were identified to allow ATSDR to compare the exposure dose
from drinking private well water to effect levels (i.e., LOAELs).
5.3.3 Evaluation of Mixtures Exposure to PFAS without HBCVs
Aside from the HI approach for PFOA, PFOS, PFHxS, and PFNA, well-accepted scientific methods to
calculate possible health effects of exposures to PFAS mixtures do not yet exist. In addition, not all
PFAS share the same health outcomes nor have the same toxicity. Therefore, ATSDR evaluated the
scientific literature to determine what health effects from the PFAS mixture found in these private
wells might have similar health endpoints (see Table 4 below).
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Table 4. PFAS and possible effects on organ systems
Specific PFAS

Immune Reproductive

Serum
Lipid

Cardiovascular

Developmental

Endocrine

Liver

6:2 FTS















8:2 FTS















EtFOSA















EtFOSE



⚫











PFBA



⚫

⚫

⚫







PFBS



⚫

⚫





⚫



PFDS















PFHpA















PFHpS















PFHxA

⚫

⚫

⚫

⚫

⚫





PFHxS



⚫

⚫

⚫

⚫





PFNA



⚫





⚫



⚫

PFOA

⚫

⚫

⚫

⚫

⚫

⚫

⚫

PFOS

⚫

⚫

⚫

⚫

⚫

⚫

⚫

PFOSA

⚫













PFPeA















PFTeDA















PFTrDA















Notes: ⚫ = Indicates possible effects on this target organ system. =Indicates no effects/insufficient information. Only PFAS that
have at least one detection in private wells are included in this table.
Abbreviation
Definition
Citation(s) for effects (if applicable)
6:2 FTS
6:2 fluorotelomer sulfonate
no effects or insufficient information on target organ systems
8:2 FTS
8:2 fluorotelomer sulfonate
no effects or insufficient information on target organ systems
EtFOSA
n-ethyl perfluorooctane sulfonamide
no effects or insufficient information on target organ systems
EtFOSE
n-ethyl perfluorooctane sulfonamidoethanol
DeWitt 2015
PFBA
perfluorobutanoic acid
[MDH] Minnesota Department of Health 2017a; ATSDR 2021
PFBS
perfluorobutane sulfonic acid
[MDH] Minnesota Department of Health 2017a; ATSDR 2021
PFDS
perfluorodecanesulfonic acid
no effects or insufficient information on target organ systems
PFHpA
perfluoroheptanoic acid
ATSDR 2021
PFHpS
perfluoroheptane sulfonate
no effects or insufficient information on target organ systems
PFHxA
perfluorohexanoic acid
Klaunig et al. 2015; Iwai and Hoberman 2014; ATSDR 2021
PFHxS
perfluorohexanesulfonic acid
Gleason et al. 2015; Grandjean et al. 2012;
Morgensen et al. 2015; Viberg et al. 2013; Butenhoff et al. 2009
PFNA
perfluorononanoic acid
ATSDR 2021
PFOA
perfluorooctanoic acid
ATSDR 2021
PFOS
perfluorooctane sulfonic acid
ATSDR 2021
PFOSA (aka FOSA) perfluorooctane sulfonamide
(ATSDR 2021
PFPeA
perfluoropentanoic acid
no effects or insufficient information on target organ systems
PFTeDA
perfluorotetradecanoic acid
no effects or insufficient information on target organ systems
PFTrDA
perfluorotridecanoic acid
no effects or insufficient information on target organ systems
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As shown in Table 4, animal studies or human epidemiological studies have indicated that adverse
health outcomes of concern for PFAS are typically associated with two or more compounds in the
class. All target organ systems have at least three of the PFAS associated with that health outcome.
Therefore, the combined exposures to PFAS from private wells may have increased the risk for some
of these non-cancer health outcomes, but refined methods to evaluate these combined exposures
are lacking.
For many of the PFAS listed in Table 4, ATSDR cannot evaluate these using its standard public health
assessment approach. ATSDR used EPA’s definition of long-chained PFAS [EPA 2018b] to calculate
the percentage of long-chained PFAS, which are generally considered to be more bioaccumulative
than short-chained PFAS (see Table A-1). The number of PFAS detected in these wells ranged from
one (RES34 and RES54) up to 13-16 in a few wells (RES01, RES03, RES23, RES41 and RES49). Table A1 shows that RES01, RES03, RES15, RES20, RES22, RES25, and RES41) had the highest total PFAS
concentrations and number of different PFAS detected (based on at least nine PFAS detected and a
total PFAS concentration greater than 0.1 µg/L or 100 ppt).
This information offers users of these wells some perspective on total PFAS concentrations, number
of PFAS, and percentage of long-chained PFAS detected in their wells. Owners should also consider
whether young children and women of childbearing age are being exposed to PFAS through the
drinking water in their homes. ATSDR has consulted with several well owners and remains available
to consult with other individual homeowners to explain the meaning of these results. However, we
lack scientific information on the health effects of the combined exposures to these PFAS and
refined methods to evaluate them. Therefore, ATSDR will not be able to definitively say if harmful
effects are possible from exposures to users of these wells.
5.3.4. Evaluation of Cancer Health Effects
As stated in section 5.2.3, until more definitive data are available, ATSDR can only evaluate the
cancer risk posed by PFOA, PFOS, and other PFAS exposures qualitatively. Therefore, the actual
cancer risk from PFOA, PFOS, other PFAS, or PFAS mixture exposures for users of the 30 wells with
an undetermined hazard/risk is uncertain.
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5.4. Wells Where PFAS Hazard/Risk Unlikely or No Hazard (see Table 6 below
for listing of 7 wells)
5.4.1 Evaluation of Exposures to PFAS with HBCVs
No PFAS with HBCVs were detected in RES30 and RES42; therefore, no harmful effects are expected.
Only PFAS with HBCVs were detected in RES07 and RES27. All PFAS were below HBCVs, indicating
that no harmful effects are expected.
5.4.2. Evaluation of Exposures to PFAS without HBCVs
No PFAS without HBCVs were detected in RES30 and RES42; therefore, no harmful effects are
expected. For wells with only a few detections of PFAS (e.g., RES10, RES12, and RES13), the risk of
harmful health effects is likely low as they were detected at low parts per trillion concentrations
below or near ATSDR’s lowest HBCV.
5.4.3. Evaluation of Cancer Health Effects
No increased risk of cancer is expected for exposures to user of RES30 and RES42 because no PFAS
were detected. Although EPA does not have an oral cancer slope factor for PFOS or other PFAS
because of the lack of data to calculate one, the cancer risk from PFAS exposures to users of RES07
and RES27 is likely to be low.

5.5. Other Public Health Considerations
5.5.1 Contributions from Other Sources
ATSDR does not have enough information to identify individual exposure sources and to estimate
the background exposure level in persons whose private wells are contaminated. Those sources
might include PFAS-contaminated food, such as certain types of fish and shellfish if nearby streams,
rivers, or lakes are affected; hand-to-mouth transfer from surfaces previously treated with PFAScontaining stain protectants, with carpet being most significant for infants and toddlers; use of nonstick cookware (especially if manufactured before 2013); or eating food packaged in PFAScontaining material, such as popcorn bags, fast food containers, or pizza boxes.
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5.5.2 Susceptible Populations: Persons with Pre-existing Health Conditions and Early
Development
The available epidemiology data identify several potential targets of PFAS toxicity; people with preexisting conditions may be unusually susceptible. For example, it appears that exposure to PFOA or
PFOS may increase serum lipid levels, particularly cholesterol levels. Thus, an increase in serum
cholesterol may result in greater health impact to persons with high levels of cholesterol or other
existing cardiovascular risk factors. Similarly, increases in uric acid levels have been observed in
persons with higher PFAS levels; increased uric acid may be associated with an increased risk of high
blood pressure. Thus, people with hypertension may be at greater risk. The relationship between
PFOA and PFOS exposure and increased risk for cardiovascular disease is inconclusive. Additional
research is needed to understand how exposure to these chemicals might affect people with preexisting risk factors (such as elevated cholesterol) for cardiovascular disease. The liver is a sensitive
target in many animal species and might be a target in humans. Therefore, people with
compromised liver function could be a susceptible population [ATSDR 2021]. Human studies have
indicated that some PFAS may affect immune function [ATSDR 2021]. Therefore,
immunocompromised persons may also be a susceptible population to PFAS exposures. In general,
the clinical significance of the impact of PFAS exposures on people with pre-existing conditions is
not well understood.
ATSDR recognizes that the unique vulnerabilities of fetuses, infants, and children merit special
emphasis in communities affected by environmental contamination. A child’s developing body
systems can sustain damage if toxic exposures occur during critical growth stages. Children ingest a
larger amount of water relative to body weight than adults, resulting in a higher intake of pollutants
in proportion to body size. In addition, children exhibit hand-to-mouth behavior and could be
exposed to PFAS from previously treated carpet materials and other treated fabrics. Reducing PFAS
exposures to the developing fetus, infants, and young children is extremely important. As evidence
for this concern:
● Formula-fed infants consuming formula mixed with contaminated water would have a higher
exposure compared to adults because formula is their sole or primary food source and their
smaller body weight.
● Evidence suggests that high serum PFOA or PFOS levels are associated with lower birth
weights. Studies of populations with lower serum PFOA or PFOS levels have not found
significant associations for birth weight. Although significant associations were found for the
high serum group, decreases in birth weight were small and may not be biologically relevant
[ATSDR 2021].
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PFAS can be transferred from breast milk to nursing infants. Studies that measured PFAS in maternal
serum and breast milk in matched mother-infant pairs found highly variable correlations [ATSDR
2021]. ATSDR considers mother and child health benefits of breastfeeding to outweigh the known
risk from PFAS exposure through breastmilk. Information on breastfeeding is included elsewhere in
this report.
5.5.3 Biomonitoring Results—NH Department of Health and Human Services Blood
Sampling Program
The NH DHHS offered biomonitoring (blood testing) for any persons exposed to PFAS in drinking
water at Pease International Tradeport, including those exposed to either PFOS or PFOA above the
corresponding former EPA provisional health advisories from private wells tested because of the
Pease PFAS investigation. Blood testing for PFAS is no longer available through the NH DHHS. NH
DHHS has and will continue to provide information and recommendations to healthcare providers to
help providers and patients make informed decisions about what PFAS exposure might mean for an
individual’s health (see also https://www.dhhs.nh.gov/dphs/pfcs/blood-testing.htm).
NH DHHS reported that body burdens of PFOA, PFOS, and PFHxS in persons who consumed water
from the Pease Tradeport public water system and private wells were significantly higher than
national levels reported in CDC’s 2011–2012 National Health and Nutrition Examination Survey
(NHANES) report [NH DHHS 2015]. In addition, since the release of the 2013–2014 NHANES data, NH
DHHS revised its age-specific comparisons. For the age-specific comparisons, blood levels for all age
groups where statistically above the general U.S. population for PFOS and PFHxS. For PFOA, only
blood levels for persons 12 years and older were statistically elevated above the general U.S.
population [NH DHHS 2017]. Please see ATSDR’s health consultation evaluating public water at the
Pease AFB for a summary of these findings [ATSDR 2020b]. It is important to note that the
biomonitoring data reflects exposures received from all sources of PFAS in a person’s environment,
including their drinking water.

5.6. Summary of Public Health Implications Evaluation
There are several limitations and uncertainties when evaluating human health implications from
PFAS exposures in drinking water (see below). Because of these limitations, ATSDR used a healthprotective approach to evaluate the possibility for harmful non-cancer and cancer health effects.
ATSDR used an approach that considered multiple exposures and factors. These included
consideration of past body burdens, length of exposure, multiple PFAS in the water, contributions
from other non-water sources, and similarity of health effects for various PFAS—all sources or
factors which could contribute to the overall health effects of PFAS exposures. Although most of the
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PFOA, PFOS, and PFHxS exposures were below health effect levels seen in the scientific literature
(assuming a 100% contribution from drinking water), some of the estimated doses were above
ATSDR’s MRLs indicating a potential for concern and some doses approached effect levels. The
following table summarizes the bottom-line findings from ATSDR’s evaluation of the 42 private wells
sampled and the following sections provide the basis for these determinations.
Table 5. Summary of Non-Cancer Public Health Findings for Private Drinking Water Wells in
Newington and Greenland, NH sampled Near the Pease International Tradeport, Portsmouth, NH
Hazard (Risk) Determination
Private Drinking Water Wells
Wells with possible PFAS hazard/risk—see
5 Wells: RES17, RES19, RES21, RES23, and
Conclusion 1
RES37

Wells where PFAS hazard/risk cannot be
determined—see Conclusion 2

Wells where PFAS hazard/risk unlikely-Exposure—see Conclusion 3
Wells with no PFAS hazard/risk—No
Exposure—see Conclusion 3

30 Wells: RES01, RES02, RES03, RES04,
RES05, RES06*, RES08, RES09, RES11,
RES14, RES15, RES18*, RES20, RES22,
RES24, RES25, RES29, RES31, RES34,
RES38*, RES43, RES41, RES45, RES48,
RES49, RES50, RES51, RES52, RES53, and
RES54†
5 Wells: RES07, RES10, RES12, RES13, and
RES27

2 Wells: RES30 and RES42

Notes: *Hazard cannot be determined for past exposures; however, sampling from these wells since March 2018 has either showed
no detections or one detection at very low levels. †The one sampling event showed low levels of PFAS exposures indicating that a
PFAS hazard/risk is unlikely. However, ATSDR placed this well in the hazard/risk cannot be determined category because of the
limited data.

5.6.1. Wells with Possible PFAS Hazard/Risk (5 wells)
After evaluating multiple factors, ATSDR concludes that past exposure to drinking water with levels
of PFOA, PFOS, and PFHxS measured in well RES17, in combination with exposure to other PFAS
found in the RES17 water and other potential non-drinking water sources, could have increased the
risk for harmful non-cancer health effects in all age and exposure groups, particularly young children
and infants. The risks for harmful non-cancer effects were likely greater for young children who lived
at RES17 or were born to mothers who used this well long-term for drinking water.
Adult users of wells RES19, RES21, RES23, and RES37/GBNWR are not likely to have increased risk
for harm from their past exposures to PFOA, PFOS, and PFHxS in their private wells. However, the
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risk of harmful non-cancer effects to adult users of RES19, RES21, RES23, and RES37 from past
exposure to the total mixture of PFAS (beyond PFOA, PFOS, and PFHxS) is uncertain. There is a
concern for exposures to young children who used water from these wells because of the combined
PFOS, PFOA, and PFHxS exposures and other PFAS in their water. For some of these wells, especially
RES17, the estimated exposure doses for PFOS were close to or above effect levels found in the
animal studies ATSDR used to derive its MRL and from other animal studies of immune effects.
Therefore, because PFOA and PFOS levels in RES19, RES21, RES23, and RES37/GBNWR were near or
above the EPA health advisory, ATSDR agrees with actions to provide these residents with treatment
systems or alternate water. No other private wells had PFOA and PFOS levels above the EPA health
advisory.
5.6.2. Wells Where PFAS Hazard/Risk Cannot be Determined (30 wells)
Four wells (RES03, RES20, RES22, and RES25) had a maximum detection that exceeded the ATSDR
HBCV for PFOS. Two maximum values for RES03 and RES20 were above the PFOA HBCV. No wells
had maximum PFNA levels that exceeded ATSDR’s HBCV. In addition, none of the combined PFOA
and PFOS levels for these wells exceeded the EPA health advisory. PFHxS was not above its HBCVs in
any other wells. The one high PFHxS level may be an anomaly because that concentration was never
duplicated at that well. ATSDR’s evaluation indicates that if this were an actual PFHxS exposure,
young children may experience a slight increased risk of thyroid effects. If it were not an actual
exposure, then ATSDR expects no harmful non-cancer effects to anyone using this well. ATSDR’s
evaluation of exposures to PFOA and PFOS alone indicate that no harmful effects are likely because
the HQs were either below 1.0 or the estimated exposure doses were well below health effect levels
shown in animals studies used to derive ATSDR’s MRLs. ATSDR’s evaluation of the exposure to the
PFOA, PFOS, PFHxS, and PFNA mixture in these wells provided little information that the combined
exposures to these PFAS appreciably increased the risk of harmful effects. Further health
perspective for the total mixture of PFAS found in these wells is provided in the next section below.
ATSDR is available to discuss these findings with the users of these wells.
For residential wells with no treatment systems, no harmful health effects are likely for exposures to
PFOA, PFOS, PFHxS, or PFNA, either alone or combined. However, water from these wells also
contained other PFAS with no HBCVs. We lack refined methods to evaluate the public health
implications of exposure to the entire mixture of PFAS in water from these wells. For most of these
other PFAS, except for those with HBCVs, little toxicological information is available to understand
what harmful effects they might cause and at what exposure levels.
The number of PFAS detected in these 30 wells ranged from one (RES34 and RES54) up to 13 to 16
in a few wells (RES01, RES03, RES23, RES41 and RES49). Table A-1 shows that RES01, RES03, RES15,
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RES20, RES22, RES25, and RES41) had the highest total PFAS concentrations and number of different
PFAS detected (based on at least nine PFAS detected and a total PFAS concentration greater than
0.1 µg/L or 100 ppt).
This health consultation includes the limited information on what is known about the health effects
of some of these PFAS. Longed-chained PFAS are generally considered to be more bioaccumulative
than short-chained PFAS. (See Table A-1 for more information on which PFAS are short- or longchained.) To help owners of wells with no treatment systems better understand what is in the water
from their wells, ATSDR calculated the percentage of long-chained PFAS for the summed
concentrations of all detected PFAS in water from each well (see Table A-1). Although that is a
health-protective assumption, ATSDR is uncertain about the validity of adding these PFAS, because
we do not know if they all have the same health endpoints. Besides PFAS exposures from drinking
water, PFAS exposure from food (including some shellfish from Great Bay or liver from deer
harvested in the area) and consumer products are possible contributors to the overall PFAS body
burden.
5.6.3. Wells where PFAS Hazard/Risk Unlikely or No Hazard (7 wells)
No PFAS without HBCVs were detected in RES30 and RES42; therefore, no harmful effects are
expected. For wells with only a few detections of PFAS (e.g., RES10, RES12, and RES13), the risk of
harmful health effects is likely low as they were detected at low parts per trillion concentrations
below or near ATSDR’s lowest HBCV.
5.6.4 Additional Supporting Information
● Scientific information suggests an association between PFOA, PFOS, and PFHxS exposure and
various health endpoints, including effects on serum lipids (not for PFHxS), immune
responses, fetal growth and development, endocrine systems (thyroid), and the liver.
● A review of the scientific literature indicated children and neonates are considered sensitive
to PFAS exposures and are the age group most likely to receive the highest exposures. In
addition, persons with certain pre-existing health conditions (risk factors) such as elevated
cholesterol or elevated blood pressure and those with compromised livers or who may be
immunocompromised may be unusually susceptible to health effects associated with PFAS
exposures. In general, the clinical significance of the impact of PFAS exposures on people
with pre-existing conditions is not well understood.
● Well-accepted scientific methods to quantitatively evaluate the possible health impacts of
the combined exposures to mixtures of PFAS do not exist. ATSDR determined that combined
exposure to PFOA, PFOS, PFHxS and PFNA in these wells could have increased the risk of
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developmental, endocrine (thyroid) and immune effects. Several other PFAS may adversely
affect the same organ systems. Harmful effects for other health outcomes shown to be
associated with PFOA, PFOS, or PFHxS may also occur. Therefore, the combined exposures to
PFAS measured in these private wells may have increased the risk for some non-cancer
health outcomes.
Exposures to PFAS from non-drinking water sources, combined with exposure to other PFAS
in private well water with limited scientific information, could increase the risk for some
associated health effects.
Research in humans suggest that high levels of certain PFAS may lead to an increased risk of
kidney and testicular cancers. The EPA [2016b] considers the evidence that PFOA has the
potential to be carcinogenic in humans to be suggestive, and IARC [2017] has determined
that PFOA is possibly carcinogenic to humans. In a recent review of PFOA carcinogenicity by
Steenland et al. [2020], the human (epidemiological) evidence remains supportive but not
definitive for kidney and testicular cancers. Moreover, the findings from the U.S. National
Cancer Institute [Shearer et al. 2020] of the association between PFOA and kidney cancer in
humans is particularly suggestive. Steenland et al. [2020] conclude that there is some
suggestive evidence for an association between PFOA and prostate cancer; however, the
results are inconsistent. Animals given PFOA have shown higher rates of liver, testicular, and
pancreatic tumors. We do not know if cancer at these three sites in animals results from a
mode of action that is relevant to humans [ATSDR 2021].
Based on the recent human studies and the NTP animal studies discussed above, EPA and
some state agencies are reassessing their PFOA CSFs. CSFs based on the more recent NTP
studies might be different from the CSF previously derived by EPA for testicular cancer. For
these reasons, ATSDR no longer recommends the use of the 0.07 (mg/kg/day)–1 CSF to
evaluate PFOA cancer risk.
Epidemiology studies of PFOS-exposed workers reported an increased risk for some cancers;
however, because of small sample sizes, the confidence intervals were wide, indicating
considerable uncertainty in the effect estimates [Alexander et al. 2003; Alexander and Olsen
2007; Grice et al. 2007; Olsen et al. 2004]. A causal association between cancer and PFOS
exposures, based on human studies, remains uncertain. Animal studies have found limited
but suggestive evidence of PFOS exposure and increased incidence of liver and thyroid
tumors. However, there is uncertainty in these associations as the tumors did not show a
direct relationship to dose, and the mechanism of action may not be relevant to humans
[ATSDR 2021].
Additional studies are needed to confirm the link between PFOA, PFOS, and other PFAS
exposures and cancer. Therefore, although current data are very limited, some other PFAS
might be carcinogenic, and some might not.
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● Until more definitive data are available, ATSDR can only evaluate the cancer risk posed by
PFOA, PFOS, and other PFAS exposures qualitatively. Therefore, the actual cancer risk from
PFOA, PFOS, other PFAS, or PFAS mixture exposures is uncertain.

6. Community Concern: Breastfeeding Exposures and Health Implications
Community members, especially mothers who were exposed to PFAS from the Pease International
Tradeport site, have expressed concerns about the health implications of PFAS exposure to infants
who breastfeedStudies have shown PFAS to transfer to nursing infants. Comparisons of serum
concentrations of women who breastfed their infants with those who did not showed that
breastfeeding significantly decreases maternal serum concentrations of PFAS [Mogensen et al.
2015]. The decrease was estimated to be 2% to 3% per month of breastfeeding. Concentrations of
PFAS in breast milk also decrease with breastfeeding duration [ATSDR 2021].
Breastfeeding provides many health and nutritional benefits to a child, such as a reduced risk of ear
and respiratory infections, asthma, obesity, and sudden infant death syndrome. In addition,
breastfeeding can also help lower a mother’s risk of high blood pressure, type 2 diabetes, and
ovarian and breast cancer [CDC 2019].
In general, CDC and the American Academy of Pediatrics recommend breastfeeding, despite the
presence of chemical toxicants [CDC 2015; AAP 2012]. A woman’s decision to breastfeed is a
personal choice, made in consultation with her healthcare provider. It is a choice made after
consideration of many different factors, many unrelated to PFAS exposure, specific to the mother
and child

7. Limitations and Uncertainties of Human Health Risks from PFAS Exposures
7.1 Multiple Exposure Sources
In addition to drinking water exposures, community members likely have additional PFAS exposures
from other sources unrelated to AFFF releases at the former Pease AFB. These could include food,
dust, air, and consumer products. Exposures might also occur by touching surfaces treated with a
stain protector and then touching one’s mouth or touching food that is eaten. All sources add to the
amount of chemicals in one’s body and potential health effects. ATSDR was not able to assess the
impact of these sources on possible health effects.
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7.2 Lack of Historical Exposure Data
ATSDR does not know exactly how long and at what concentrations workers and children were
exposed to PFAS in private wells near the Pease International Tradeport. Historical sampling data
are unavailable. Exposures might have occurred for years as PFAS moved through groundwater.
PFAS accumulate and remain in the body for years before they are eliminated. Past and current
exposures contribute to the overall health risks from PFAS.
7.3 Inadequate Methods to Fully Assess Human Health Implications
Methods are available to evaluate the public health implications of exposure to some but not all
PFAS. People who use private well water are potentially exposed to a mixture of PFAS. Methods
used to assess exposure to other environmental mixtures have not been developed for PFAS or
might be appropriate only for PFAS with established health guidelines. Consistent with ATSDR
Cancer Framework [ATSDR 2018a], ATSDR used the approach of adding hazard quotients to get a
hazard index which is often used to assess risk to multiple chemicals. However, this approach may
not provide an appropriate solution for all PFAS. Only compounds with similar toxicological
endpoints should be combined (i.e., PFOS, PFOA, PFHxS, and PFNA). Moreover, standard risk
assessments methods have limitations.
7.4 Other General Limitations
Humans and experimental animals differ in how their bodies absorb and react to PFAS. That leaves
questions about the relevance of effects in animals to humans. ATSDR also has limited toxicity data
for many PFAS from human and animal studies [Butenhoff JL and Rodricks JV 2015]. The health
consequences of PFAS in the body are uncertain. Significant uncertainty exists about the lowest
concentration at which toxic effects might occur in people exposed to PFAS for many years.
The HBCVs for PFOS, PFOA, PFHxS, and PFNA in drinking water were calculated by ATSDR using the
best available scientific information. These values allow ATSDR to assess the potential risk from
drinking water exposures. ATSDR HBCVs and MRLs are based on the most current PFAS science;
however, the overall scientific knowledge on PFAS is still evolving. Toxicity information for other
PFAS is limited.
Because of these limitations, ATSDR used a health-protective approach to evaluate health risks for
non-cancer health effects until better methods are developed. For non-cancer health effects, ATSDR
calculated hazard quotients for PFOS, PFOA, PFHxS, and PFNA, the most thoroughly investigated
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PFAS. In a qualitative way, ATSDR considered other source contributions, other PFAS in the mixture,
and past exposures in evaluating health risks.
7.5 Incomplete Information on the Type of AFFF Used at the Former Pease AFB and Specific
PFAS Formulations
One of the challenges to evaluating exposures from an AFFF source is that we do not know which
PFAS were present in the AFFF formulations used at Pease AFB. Data on AFFF-impacted
groundwater indicate that about 25% of the PFAS remain unidentified [Houtz et al. 2013]. A study by
Barzen-Hanson et al. (2017) resulted in the discovery of 40 novel classes of PFAS and the detection
of 17 classes of previously reported PFAS, adding over 240 individual PFAS to the previous list that
can now be associated with AFFF. Little is known about the newly discovered PFAS regarding the
subsurface remediation strategies, transport, and toxicity [Barzen-Hanson et al. 2017].

8. Conclusions
ATSDR evaluated the public health implications of past and current PFAS exposure to the users of
private wells near the Pease Tradeport and reached four conclusions. These conclusions are
limited by several uncertainties. The specific PFAS formulation in the AFFF used at the former
Pease AFB is not known. ATSDR used a health-protective approach to evaluate concentrations of
23 PFAS in drinking water wells. However, there may be PFAS in the water that were not
measured. ATSDR’s conclusions are based on evaluation of other PFAS that were measured in the
water.
Conclusion 1—Wells with Possible PFAS Hazard/Risk
Past PFAS exposures may have increased the risk of harmful non-cancer health effects, especially
to young children, who drank water from RES17, RES19, RES21, RES23, and RES37 or were born to
mothers who did. The cancer risk from past exposures to all PFAS in these wells is uncertain. No
current or future harmful exposures are expected for residents using these five water supply wells
because actions have been taken to reduce or eliminate their exposures. However, there might be
PFAS in the water that were not measured.
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Basis for conclusion
The combined past exposures to PFOA, PFOS, and PFHxS to users of RES17, RES19, RES21, RES23,
and RES37 approached health effect levels from animal studies. Thus, these exposures may have
increased the risk of harmful non-cancer health effects, especially for developmental, endocrine
(e.g., thyroid), and immune effects, in young children. Harmful effects for other health outcomes
shown to be associated with PFOA, PFOS, or PFHxS may also occur, such as, effects on cholesterol
and the liver. Harmful non-cancer health effects for adults are only a concern for users of RES17.
The risk of harmful effects to adult users of the other wells (RES19, RES21, RES23, and RES37) is
uncertain because of the limited scientific information to evaluate the public health implications of
the combined exposures to all PFAS in these wells.
Human studies provide some evidence that PFOA is associated with kidney, testicular, and prostate
cancers. Animals given PFOA orally have shown high rates of various cancers (liver, testicular,
kidney, stomach, thyroid, and pancreatic). However, it is not known if the way these cancers occur
in animals is relevant to humans. Human and animal studies have shown an association with both
kidney and testicular cancers. Suggestive evidence that PFOS causes cancer is based on limited
evidence of liver cancer in rats. However, the evidence is too limited to support a quantitative
cancer assessment for PFOS. Therefore, although there is suggestive evidence that both PFOA and
PFOS are carcinogenic, the science on PFOA, PFOS, and other PFAS is too limited at this time to
quantify risk.
Limited data exist on the potential of other PFAS to cause cancer. ATSDR cannot calculate the
estimated cancer risk for other past PFAS exposures or a total cancer risk from all potentially cancercausing PFAS exposures. Therefore, the total cancer risk from past PFAS exposures from these
private wells is uncertain.
Exposure to PFAS from food (including some shellfish from Great Bay and deer liver from the area)
and consumer products, and to other PFAS in the water, likely contribute to the overall amount of
PFAS in a person’s body. Some pre-existing risk factors might increase the risk for harmful effects
(e.g., persons with compromised immune systems or liver function).
Conclusion 2—Wells Where PFAS Hazard/Risk Cannot be Determined
The risk of harmful health effects (non-cancer and cancer) from past and current exposures to
mixture of all PFAS in drinking water from 30 wells without treatment systems (see Table 5 for list
of wells), now or in the past, cannot be determined.
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Basis for Conclusion
The public health implications of past or current exposures to users of these 30 wells cannot be
determined because we lack health information on the entire mixture of PFAS in these wells and the
cancer risk from past and current exposure to all PFAS in these wells is uncertain because of the
limited data on the potential for these PFAS to cause cancer.
Exposure to PFOS, PFOA, and PFHxS individually or combined in drinking water from these 30 wells
were evaluated and determined to not likely result in an increased risk of harmful non-cancer health
effects. However, other PFAS were detected in wells which could not be evaluated because of the
lack of scientific information on the health effects. Moreover, for all 30 wells, the number of PFAS
detected in these wells ranged from one (RES34 and RES54) up to 13 to 16 in a few wells (RES01,
RES03, RES23, RES41, and RES49). Table A-1 shows that RES01, RES03, RES15, RES20, RES22, RES25,
and RES41 had the highest total PFAS concentrations and number of different PFAS detected (based
on at least nine PFAS detected and a total PFAS concentration greater than 0.1 micrograms per liter
(µg/L) or 100 parts per trillion (ppt). In addition to PFAS exposures from drinking water, PFAS
exposure from food (including some shellfish from the Great Bay and deer liver from the area) and
consumer products likely contribute to the overall amount of PFAS in a person’s body. See Section
2.3 (Surface Water and Biota Issues) for links to the NH DES reports on shellfish and deer sampling.
Conclusion 3—Wells where PFAS Hazard/Risk Unlikely or No Hazard
Past and current exposure to PFAS in drinking water from 7 wells without treatment systems is
unlikely to result in an increased risk of harmful health effects.
Basis for conclusion
For these 7 wells, harmful effects are not expected because either no PFAS have been detected
above an HBCVs or, if detected, were below or near ATSDR’s lowest HBCV.
No PFAS without HBCVs were detected in RES30 and RES42; therefore, no harmful effects are
expected. For wells with only a few detections of PFAS (e.g., RES07, RES10, RES12, RES13, and
RES27), the risk of harmful health effects is likely low as they were detected at low parts per trillion
concentrations below or near ATSDR’s lowest HBCV.
Conclusion 4—Breastfeeding remains a healthy option
Current scientific information suggests that the health and nutritional benefits of breastfeeding
outweigh the potential risks associated with PFAS in breastmilk.
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Basis for conclusion
Community members, particularly mothers who have been exposed to PFAS from the Pease
International Tradeport site, have expressed concern about the health implications of PFAS
exposures to breastfed infants. Studies have shown that infants can be exposed to PFAS during
pregnancy by transfer through the mother to the fetus and through breastfeeding. However,
breastfeeding provides clear health and nutritional benefits. Some of the many benefits for infants
include a reduced risk for ear and respiratory infections, asthma, obesity, and sudden infant death
syndrome. Breastfeeding can also help lower a mother’s risk for high blood pressure, type 2
diabetes, and ovarian and breast cancer. In general, CDC and the American Academy of Pediatrics
recommend breastfeeding despite the potential presence of chemical contaminants in breast milk.

9. Recommendations
ATSDR recommends that EPA, NHDES, and the USAF continue their investigations to characterize
PFAS groundwater contamination at the site and continue monitoring the private drinking water
supply wells (treated and non-treated), including the identification of any affected wells that were
not part of the original inventory plan. In addition, the USAF is encouraged to consider prioritizing
their efforts and research into better understanding the types and the formulations of AFFF used at
Pease and other facilities to better inform future monitoring efforts and health evaluations.
The USAF preferred long-term remedy for the four residences currently with water treatment
systems is to connect them to the Pease Tradeport public water supply. ATSDR recommends that
the USAF with EPA and NHDES regulators continue their efforts to implement a long-term remedy,
which will permanently stop exposure to contaminated private drinking water sources that have
PFAS above EPA or other applicable state health-based drinking water guidelines and reduce
exposures to PFAS compounds that have no HBCVs. In addition, because the PFAS drinking water
regulatory standards are continuing to evolve, these agencies should implement a long-term
monitoring program that evaluates PFOS, PFOA, PFHxS and other PFAS that may be found in private
wells. This will allow the agencies to stop exposures to contaminated private drinking water sources
containing PFAS above applicable health-based drinking water standards.
If individuals want to reduce their exposure to PFAS in their water, they can use an alternative or
treated water source for drinking, food preparation, cooking, brushing teeth, and any activity that
might result in ingestion of water. Using contaminated water for bathing or showering, washing
dishes, and doing laundry is not expected to result in significant exposure to PFAS.
ATSDR recommends that residents using wells where ATSDR has determined a hazard exists for past
exposures (Conclusion 1) or where current exposures cannot be determined (Conclusion 2) should
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consider not consuming shellfish from certain areas of Great Bay and not consume liver harvested
from deer caught in the Great Bay area.
ATSDR recommends, based on several health benefits of breastfeeding for both mother and child,
that nursing mothers continue to breastfeed. If formula is used (either exclusively or as a
supplement to breastfeeding), then caregivers should use pre-mixed formula or reconstitute dry
formula with water sources not containing PFAS. Infant feeding decisions should be made in
consultation with a healthcare provider. More Information to guide healthcare providers is available
from: https://www.atsdr.cdc.gov/pfas/docs/clinical-guidance-12-20-2019.pdf.

10. Public Health Action Plan
10.1 Completed Actions
•
•

•

•

•

The USAF tested private wells located within one mile of the former Pease AFB boundary for
PFAS.
The USAF installed whole house activated carbon treatment systems at RES17, RES19, and
RES21 to treat water with exceedances of the EPA health advisory. As a health-protective
action, the USAF also installed a whole house activated carbon treatment system at RES23
because the combined PFOA and PFOS concentrations in the most recent sample taken in
April 2016 was close to reaching the EPA health advisory. The USAF also provided bottled
water for the seasonal users of RES37/GBNWR and this well is no longer in use. In November
2019, public water was provided to users of RES19 and RES21 whereas RES17 and RES23 still
have whole-house treatment systems maintained and monitored by the USAF.NHDES
collaborated with the NH Department of Health & Human Services (DHHS) to provide health
information about PFAS in a document titled Frequently Asked Questions: Perfluorochemicals
(PFCs) in the Pease Tradeport Water System. This can be found on the DHHS webpage: Pease
Tradeport Water System Investigation available from:
http://www.dhhs.nh.gov/dphs/investigation-pease.htm.
In November 2017, ATSDR released a feasibility assessment for conducting a study to
evaluate potential health effects of the population exposed to PFAS at the Pease Tradeport.
The report is available from: https://www.atsdr.cdc.gov/pfas/docs/pease/pease-feasibilityassessment-november-2017-508.pdf.
On July 15, 2020, ATSDR presented the findings of this report to the affected residents and
community members and answered their questions. ATSDR will attempt to contact previous
residents who lived in homes with contaminated wells.
ATSDR provided health education information related to PFAS in private residential drinking
water wells to the affected residents and community members. General information related
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to PFAS in drinking water for residents, community members, and health professionals is
available from: https://www.atsdr.cdc.gov/PFAS/.

10.2 Ongoing Actions
•
•
•

•

•

•

•

The USAF will maintain whole house activated carbon treatment system at RES17. The users
of well RES23 have opted to take over their filter system.
The USAF is investigating the source and migration pathway of PFAS from former Pease AFB
Site 8 to off-site wells to determine strategies to mitigate contaminant migration.
Investigations by applicable agencies will proceed under CERCLA and the signed Federal
Facility Agreement; further decisions will be based on risk as determined by a Human Health
Risk Assessment using accepted toxicity values.
NHNH DHHS offered biomonitoring (blood testing) for any persons exposed to PFAS in
drinking water at Pease International Tradeport, including those exposed to either PFOS or
PFOA above the corresponding former EPA provisional health advisories from private wells
tested because of the Pease PFAS investigation. Blood testing for PFAS is no longer available
through the NH DHHS. NH DHHS has and will continue to provide information and
recommendations to healthcare providers to help providers and patients make informed
decisions about what PFAS exposure might mean for an individual’s health (see also
https://www.dhhs.nh.gov/dphs/pfcs/blood-testing.htm).
ATSDR and the CDC are conducting a health study of children and adults exposed to PFAScontaminated drinking water at the Pease International Tradeport and from nearby private
wells. The study will evaluate associations between PFAS blood levels and signs of changes in
the body (e.g., cholesterol levels, kidney and thyroid function, and the development of
specific diseases) and will serve as the first site in CDC/ATSDR’s Multi-site Health Study
looking at the relationship between PFAS drinking water exposures and health outcomes.
ATSDR has funded seven cooperative agreement partners as principal investigators for the
Multi-site Health Study.
ATSDR and CDC are working to address the concerns of community members regarding
potential associations between PFAS exposure and cancer. ATSDR and CDC are conducting
analyses that use previously collected data to look at rates of certain health outcomes,
including many adult and pediatric cancers, in communities that have been exposed to PFAS
through drinking water and those that have not. These are exploratory analyses (hypothesisgenerating and ecologic) and any observed associations will require further study. ATSDR
and CDC are also developing plans for a study of PFAS and selected adult cancers using data
from an existing study population (cohort).+
ATSDR and CDC have conducted exposure assessments in communities near current and
former military bases and that are known to have had PFAS in their drinking water. The
46

•

•
•

exposures assessments will provide information to communities about the levels of PFAS in
their bodies. Using this information, public health professionals provide guidance to help
people reduce or stop exposure.
ATSDR is also providing technical assistance to tribal, state, local, and territorial health
departments nationwide so they can effectively evaluate PFAS exposure in contaminated
communities. ATSDR is also providing educational materials to the public to better
understand PFAS and the health implications of PFAS exposures (see
https://www.atsdr.cdc.gov/pfas/health-effects/index.html).
ATSDR will work with the USAF and Town of Newington to make every effort to provide the
findings of this report to the prior owners/residents of the affected properties.
ATSDR has consulted with several individual well users to provide them additional health
perspective on the PFAS exposures in their drinking water. ATSDR will work with the USAF
and Town of Newington to make every effort to present the findings of this report to the
prior owners/residents of the affected properties. ATSDR remains available to consult with
well users. Contact ATSDR at 800-CDC-INFO (800-232-4636) or at
https://wwwn.cdc.gov/dcs/ContactUs/Form to arrange a consultation with ATSDR scientists.

ATSDR recognizes that additional information is needed about the types of PFAS in AFFF and the
type of AFFF used at Pease. Standard laboratory methods capable of detecting a broader range of
PFAS in environmental samples are also needed. As more information becomes available, ATSDR will
incorporate it into future assessments of exposure to PFAS from sites associated with the use of
AFFF.
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Appendix A–Figures, Tables, and Equations

A-1

Figure A-1. Location and vicinity of Pease International Tradeport (former
Pease Air Force Base). Source: AMEC. 2014.
A-2

Figure A-2. Former Pease Air Force Base/Pease International Tradeport detail and location of
site 8. Source: CB&I. 2015.

A-3

Figure A-3. Potential aqueous film-forming foam areas. Source: AMECFW
2015.

A-4

Table A-1. Total PFAS concentration (Including and excluding the
perfluorohexanesulfonic acid (PFHxS), perfluorononanoic acid (PFNA), perfluorooctanoic
acid (PFOA) and perfluorooctane sulfonic acid (PFOS, number of different PFAS
detected, and percentage of detected PFAS that were long chain from Untreated Private
drinking water wells located within 1 mile from the former Pease Air Force Base,
Portsmouth, NH. Concentrations in micrograms per liter (µg/L)
Well ID
RES01
RES02
RES03
RES04
RES05
RES06
RES07

Includes PFHxS, PFNA, PFOA, PFOS
Total PFAS
% Long
# PFAS
concentration
Chain*
0.1144
15
73%
0.0785
9
56%
0.1287
13
69%
0.0216
5
80%
0.0398
5
100%
0.0762
9
56%
0.0059
1
100%

Excludes PFHxS, PFNA, PFOA, PFOS
Total PFAS
% Long
# PFAS
concentration
Chain*
0.0742
11
64%
0.0431
6
33%
0.0748
9
56%
0.0106
2
50%
0.0277
3
100%
0.0488
6
33%
0
0
0%

RES08
RES09
RES10
RES11
RES12
RES13
RES14
RES15

0.0327
0.0901
0.0136
0.0359
0.0157
0.0139
0.0556
0.1203

5
8
2
4
3
2
8
9

100%
63%
100%
75%
100%
100%
50%
56%

0.0248
0.0668
0.0084
0.0189
0.0157
0.0139
0.0324
0.0349

4
5
1
2
2
2
5
6

100%
40%
100%
50%
100%
100%
20%
33%

RES17
RES18-W1

2.129
0.0241

15
5

73%
80%

13

77%

0.729
0.0083
0.132

11
2
10

54%
50%
70

RES19

0.3409

Note: PFAS = per and polyfluoroalkyl substances *% Long Chain = percent of PFAS detected in this well that are
classified as long chain PFAS. Long-chain PFAS comprise two sub-categories: long-chain perfluoroalkyl carboxylic
acids with eight or more carbons, and perfluoroalkane sulfonates with six or more carbons [EPA 2018].

A-1

Table A-1. (continued)
Well ID
RES20
RES21
RES22

Includes PFHxS, PFNA, PFOA, PFOS
% Long
Total PFAS
# PFAS
Chain*
concentration
1.004
11
64%
0.296
11
64%
0.1428
10
70%

Excludes PFHxS, PFNA, PFOA, PFOS
% Long
Total PFAS
# PFAS
Chain*
concentration
0.8696
8
50%
0.105
8
50%
0.049
7
57%

RES23
RES24-W1
RES25
RES27
RES29
RES31
RES34
RES37

0.194
0.0426
0.1098
0.0059
0.0508
0.0394
0.033
0.2743

16
8
9
1
8
6
1
7

75%
75%
56%
0%
50%
67%
100%
57%

0.103
0.0289
0.0588
0.0059
0.0348
0.0319
0.033
0.0313

12
5
6
1
6
5
1
4

67%
60%
33%
0%
33%
60%
100%
25%

RES38
RES41
RES43
RES45
RES48
RES49
RES50
RES51

0.0319
0.149
0.0225
0.0588
0.0914
0.0738
0.042
0.0224

5
16
6
7
10
13
9
4

80%
75%
50%
57%
60%
69%
56%
50%

0.0116
0.1195
0.0131
0.0343
0.0453
0.0526
0.0157
0.0095

2
13
4
4
7
10
6
3

50%
69%
25%
25%
43%
60%
33%
33%

RES52

0.0159

4

50%

0.0093

3

33%

RES53
RES54

0.0585
0.0013

7
1

47%
100

0.0241
0

4
0

0%
0%

Note: PFAS = per and polyfluoroalkyl substances No detections were identified in RES30 and RES42. *% Long Chain =
percent of PFAS detected in this well that are classified as long chain PFAS. Long-chain PFAS comprise two subcategories: long-chain perfluoroalkyl carboxylic acids with eight or more carbons, and perfluoroalkane sulfonates
with six or more carbons [EPA 2018].

A-2

Table A-2. PFAS analyzed in water supply wells during April 2014 to December 2020
Specific PFAS
Abbreviation
Chemical Formula*
8:2 fluorotelomer sulfonate
8:2 FTS
C10H4F17O3S
6:2 fluorotelomer sulfonate
6:2 FTS
C8H4F13O3S
n-ethyl perfluorooctane sulfonamide
EtFOSA
C10H6F17NO2S
n-ethyl perfluorooctane sulfonamidoethanol
EtFOSE
C12H10F17NO3S
n-methyl perfluorooctane sulfonamide
MeFOSA
C9H4F17NO2S
n-methyl perfluorooctane sulfonamidoethanol
MeFOSE
C11H8F17NO3S
perfluorobutanesulfonic acid
PFBS
C4HF9O3S
perfluorobutanoic acid
PFBA
C4HF7O2
perfluorodecanesulfonic acid
PFDS
C10HF21O3S
perfluorodecanoic acid
PFDA
C10HF19O2
perfluorododecanoic acid
PFDoA
C12HF23O2
perfluoroheptane sulfonate
PFHpS
C7HF15SO3
perfluoroheptanoic acid
PFHpA
C7HF13O2
perfluorohexanesulfonic acid
PFHxS
C6HF13O3S
perfluorohexanoic acid
PFHxA
C6HF11O2
perfluorononanoic acid
PFNA
C9HF17O2
perfluorooctane sulfonamide (aka FOSA)
PFOSA
C₈H₂F₁₇NO₂S
perfluorooctanesulfonic acid
PFOS
C8HF17O3S
perfluorooctanoic acid
PFOA
C8HF15O2
perfluoropentanoic acid
PFPeA
C5HF9O2
perfluorotetradecanoic acid
PFTeDA
C14HF27O2
perfluorotridecanoic acid
PFTrDA
C13HF25O2
perfluoroundecanoic acid
PFUnA
C11HF21O2

Type†
Long
Long
Long
Long
Long
Long
Short
Short
Long
Long
Long
Long
Short
Long
Short
Long
Long
Long
Long
Short
Long
Long
Long

Note: PFAS = per and polyfluoroalkyl substances
*available from: https://pubchem.ncbi.nlm.nih.gov/ and https://comptox.epa.gov/dashboard/chemical_lists/pfastrier
†Long-chain PFAS comprise two sub-categories: long-chain perfluoroalkyl carboxylic acids with eight or more carbons, and perfluoroalkane
sulfonates with six or more carbons [EPA 2018].
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Table A-3. Maximum detected PFAS concentrations in Greenland and Newington, NH private wells within 1 mile from the former
Pease Air Force Base, Portsmouth, NH. Concentrations in micrograms per liter (µg/L) 2014 to 2020
Sample ID
RES01
RES02
RES03
RES04
RES05
RES06
RES07
RES08
RES09
RES10
RES11
RES12
RES13
RES14
RES15
RES17
RES17TRT
RES18-W1
RES19
RES19TRT
RES20

Specific PFAS ==>
HBCV ==>

PFOS
(0.014)*
0.013 J
0.013 J
0.015 J
0.0045 J
0.0043 B
0.0068 J
ND
ND
0.0068 J
0.0052 B
0.0074 J
ND
ND
0.0047 B
0.0094 J
0.57
ND
0.0053 B
0.089
ND
0.038

PFOA
(0.021)*
0.011 J
0.0094 J
0.024
0.0013 J
ND
0.011 J
ND
ND
0.0078 J
ND
ND
ND
ND
0.0055J
0.014 J
0.11
ND
0.0068 J
0.02
ND
0.021 J

6:2FTS
(none)
0.0078
ND
0.0068
ND
0.0067J
ND
ND
ND
ND
ND
ND
ND
0.009 J
ND
ND
0.041 J
ND
ND
ND
ND
0.77

8:2FTS
(none)
0.0059 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EtFOSA
(none)
ND
ND
ND
ND
0.01 J
ND
ND
ND
ND
0.0084 J
ND
ND
ND
ND
ND
ND
ND
ND
0.014
ND
ND

EtFOSE
(none)
ND
ND
0.009 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.012
ND
ND

PFBA
(7.0)†
0.0087 J
0.0091 J
0.0086 J
ND
ND
0.0079 J
ND
ND
0.012 J
ND
ND
ND
ND
0.0093 J
0.0037 J
0.032
ND
ND
ND
ND
0.0092 J

PFBS
(2.0)†
0.011 J
0.006 J
0.012 J
0.0059 J
ND
0.0057 J
ND
ND
ND
ND
0.011 J
ND
ND
ND
0.01 J
0.06
ND
0.0027 J
0.02 J
ND
0.02 J

Notes: PFAS = per and polyfluoroalkyl substances. Only PFAS with at least one detection are shown in this table. ND = Not detected. RES17 = Samples collected at the
faucet before the activated carbon whole house treatment system which was installed on October 18, 2014. RES17TRT = Samples after the treatment system were
ND. RES19 = Samples collected at the faucet before the activated carbon whole house treatment system which was installed on July18, 2014. RES19TRT = Samples
after the treatment system were ND. Shaded indicate concentration of individual PFAS or summed PFAS exceeds a HBCV. Gaps in numbering between residential
wells indicates the numbers are attached to non-potable wells used for irrigation or open springs.
Sources: AMEC 2014, AMECFW 2016, Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2018 February 16. Includes one file attachment with
private well PFAS data from 2014 to 2017, and Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2020 September 9. Includes one file
attachment with private well PFAS data through June 2020.
*ATSDR HBCV. †MDH Minnesota Department of Health Risk Limit. B = This compound was detected in an associated blank by the laboratory. J = Analyte was identified, but the
concentration was estimated.
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Table A-3. (CONTINUED)
Sample ID
RES21
RES21TRT
RES22
RES23
RES23TRT
RES24-W1
RES25
RES27
RES29
RES30
RES31
RES34
RES37/GBNWR
RES38
RES41
RES42
RES43
RES45
RES48
RES49
RES50
RES51
RES52
RES53
RES54

Specific PFAS ==>
HBCV ==>

PFOS
(0.014)*
0.043
ND
0.029
0.055
ND
0.0069
0.014 J
ND
ND
ND
ND
ND
0.13
0.005 J
0.0095
ND
ND
0.0081 J
0.0041 B
0.0013
0.0095
0.0021
ND
0.0094 J
ND

PFOA
(0.021)*
0.021
ND
0.0088 J
0.016
ND
0.0011
0.017 J
ND
0.0083 J
ND
ND
ND
0.014 J
0.01 J
0.01 J
ND
0.002
0.0095 J
0.02 J
0.0099 J
0.007
0.0011
0.0066
0.014
ND

6:2FTS
(none)
ND
ND
ND
ND
ND
0.011 J
ND
ND
0.007
ND
0.0083
0.033 J
ND
ND
ND
ND
0.0083 J
0.0079
ND
0.007 J
ND
0.0079
0.0076
ND
ND

8:2FTS
(none)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EtFOSA
(none)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.0089 J
ND
ND
ND
0.016
ND
ND
ND
ND
0.0076 J
ND
ND
ND
ND
ND

EtFOSE
(none)
ND
ND
0.0079 B
0.012
ND
0.0051 B
ND
ND
ND
ND
ND
ND
ND
ND
0.0095
ND
ND
ND
ND
ND
0.01 J
ND
ND
ND
ND

PFBA
(7.0)†
0.0033
ND
ND
0.011
ND
ND
0.0069 J
ND
0.0072 J
ND
ND
ND
ND
0.0074 J
0.0073
ND
ND
0.012 J
0.0019
0.0008
0.0027
0.0027
0.0013
0.0073 J
ND

PFBS
(2.0)†
ND
ND
0.014 J
0.014
ND
0.0045 J
0.012 J
0.0059 J
0.0046 J
ND
0.0054 J
ND
0.0054 J
ND
0.0087 J
ND
0.0014
0.0082 J
0.0086 J
0.0058
0.0007
ND
0.0004
0.005 J
ND

Notes: PFAS = per and polyfluoroalkyl substances. Only PFAS with at least one detection are shown in this table. ND = Not detected. RES21 = Samples collected at the faucet
before the activated carbon whole house treatment system which was installed on September 1, 2016. RES21TRT = Samples after the treatment system were ND. RES23 =
Samples collected at the faucet before the activated carbon whole house treatment system which was installed on July 18, 2016. RES23TRT = Samples after the treatment
system were ND. Shaded indicate concentration of individual PFAS or summed PFAS exceeds a HBCV. Gaps in numbering between residential wells indicates the numbers are
attached to non-potable wells used for irrigation or open springs.
Sources AMEC 2014, AMECFW 2016, Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2018 February 16. Includes one file attachment with private
well PFAS data from 2014 to 2017, and Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2020 September 9. Includes one file attachment with private
well PFAS data through June 2020.
*ATSDR HBCV. †MDH Minnesota Department of Health Risk Limit.
B = This compound was detected in an associated blank by the laboratory. J = Analyte was identified, but the concentration was estimated.
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Table A-3. (CONTINUED)
Sample ID
RES01
RES02
RES03
RES04
RES05
RES06
RES07
RES08
RES09
RES10
RES11
RES12
RES13
RES14
RES15
RES17
RES17TRT
RES18-W1
RES19
RES19TRT
RES20

Specific PFAS ==>
HBCV ==>

PFDS
(none)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.0056 J
0.0056 J
ND
ND
ND
ND

PFHpA
(none)
0.0039 J
0.0047 J
0.013 J
ND
ND
0.007 J
ND
ND
0.012 J
ND
ND
ND
ND
0.0017J
0.0059 J
0.066
ND
0.0056 J
0.0033J
ND
0.0038 J

PFHpS
(none)
0.005 J
0.0048 B
0.0047 J
0.0047 B
ND
0.0044 B
ND
ND
ND
ND
ND
0.0045 B
0.0049 J
ND
ND
0.03 J
0.0049 J
ND
0.0073
ND
0.0076 J

PFHxA
(none)
0.008 J
0.0075 J
0.01 J
ND
ND
0.0098 J
ND
ND
0.014 J
ND
ND
ND
ND
0.011 J
0.0065 J
0.27
ND
ND
0.025
ND
0.02 J

PFHxS
(0.14)*
0.0095 J
0.013 J
0.011 J
0.0052 J
0.0078 J
0.0096 J
0.0059 J
0.0079 J
0.0087
ND
0.0096 J
ND
ND
0.013 J
0.062
0.53
ND
0.0037 J
0.1
ND
0.075

PFNA
(0.021)*
0.0067 J
ND
0.0039 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.00083J
ND
ND
ND
ND
ND

PFOSA
(none)
0.007 J
ND
ND
ND
0.011 J
ND
ND
0.0052J
0.0048 J
ND
0.0079 J
ND
ND
ND
0.0053 J
0.0043J
ND
ND
0.007
ND
0.028

PFPeA
(none)
0.0058 J
0.011 J
0.01 J
ND
ND
0.014 J
ND
ND
0.024 J
ND
ND
ND
ND
0.0088 J
0.0035 J
0.14
ND
ND
0.024
ND
0.011 J

PFTeDA
(none)
0.006 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.0072 J
ND
ND
ND
0.005 J
0.005 J
ND
0.012
0.0039J
ND

Notes: PFAS = per and polyfluoroalkyl substances. Only PFAS with at least one detection are shown in this table. ND = Not detected. RES17 = Samples collected at the
faucet before the activated carbon whole house treatment system which was installed on October 18, 2014. RES17TRT = Samples after the treatment system were
ND. RES19 = Samples collected at the faucet before the activated carbon whole house treatment system which was installed on July18, 2014. RES19TRT = Samples
after the treatment system were ND. Shaded indicate concentration of individual PFAS or summed PFAS exceeds a HBCV. Gaps in numbering between residential
wells indicates the numbers are attached to non-potable wells used for irrigation or open springs.
Sources: AMEC 2014, AMECFW 2016, Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2018 February 16. Includes one file attachment with
private well PFAS data from 2014 to 2017, and Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2020 September 9. Includes one file
attachment with private well PFAS data through June 2020.
*ATSDR HBCV. †This well had an apparent anomaly–an elevated concertation of 0.96 µg/L. That concentration was never duplicated at that well.
B = This compound was detected in an associated blank by the laboratory.
J = Analyte was identified, but the concentration was estimated.
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PFTrDA
(none)
0.0051 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.0073J
ND
ND

Table A-3. (CONTINUED)
Sample ID
RES21
RES21TRT
RES22
RES23
RES23TRT
RES24-W1
RES25
RES27
RES29
RES30
RES31
RES34
RES37/GBNWR
RES38
RES41
RES42
RES43
RES45
RES48
RES49
RES50
RES51
RES52
RES53
RES54

Specific PFAS ==>
HBCV ==>

PFDS
(none)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.01
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

PFHpA
(none)
0.0094
ND
0.0056 J
0.011
ND
ND
0.0063 J
ND
0.0065 J
ND
ND
ND
ND
ND
0.002
ND
ND
ND
0.0011
0.0005
0.0005
ND
ND
ND
ND

PFHpS
(none)
0.0096
ND
0.0041 J
0.007
ND
ND
ND
ND
ND
ND
0.0045 B
ND
0.0078 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

PFHxA
(none)
0.021
ND
0.0099 J
0.017
ND
0.0014
0.0078 J
ND
0.0055 J
ND
ND
ND
0.013 J
ND
0.014 J
ND
0.0021
ND
0.028
0.00074
0.0009
0.0004
ND
0.0076 J
ND

PFHxS
(0.14)*
0.1
ND
0.056
0.014
ND
0.0057 J
0.02 J
ND
0.0077 J
ND
0.0075 J
0.002
0.099
0.0053 J
0.013 J
ND
0.0074 J
0.0069 J
0.022
0.01 J
0.0099 J
0.0082 J
ND
0.011
0.0013 J

PFNA
(0.021)*
ND
ND
ND
0.0056
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

PFOSA
(none)
ND
ND
ND
0.0093
0.0042J
0.0069
0.017 J
ND
ND
ND
ND
ND
ND
0.0042 J
0.013
ND
ND
ND
ND
0.029
ND
ND
ND
ND
ND

PFPeA
(none)
0.02
ND
0.0039 J
0.02
ND
ND
0.0088 J
ND
0.004 J
ND
0.0048 J
ND
0.0051 J
ND
0.01 J
ND
0.0013
0.0062 J
0.0051 J
0.00063
0.0008
ND
ND
0.0077 J
ND

PFTeDA
(none)
ND
ND
ND
0.0003
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.0003
0.0003
ND
ND
ND
ND
ND

PFTrDA
(none)
ND
ND
ND
0.0003
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.004
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Notes: PFAS = per and polyfluoroalkyl substances. Only PFAS with at least one detection are shown in this table. ND = Not detected. RES21 = Samples collected at the faucet before the
activated carbon whole house treatment system which was installed on September 1, 2016. RES21TRT = Samples after the treatment system were ND. RES23 = Samples collected at the
faucet before the activated carbon whole house treatment system which was installed on July 18, 2016. RES23TRT = Samples after the treatment system were ND. Gaps in numbering
between residential wells indicates the numbers are attached to non-potable wells used for irrigation or open springs.
Sources: AMEC 2014, AMECFW 2016, Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2018 February 16. Includes one file attachment with
private well PFAS data from 2014 to 2017, and Walton R (Air Force Civil Engineer Center), email to Gary Perlman (ATSDR), 2020 September 9. Includes one file
attachment with private well PFAS data through June 2020.
*ATSDR HBCV.
B = This compound was detected in an associated blank by the laboratory.
J = Analyte was identified, but the concentration was estimated.
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Table A-4. Exposure Pathways, Off-Site Private Wells, Surface Water and Biota, Former Pease Air Force Base, Newington, NH
Pathway
Private
Wells

Source
Pease AFB–Fire
Dept. Training Area
2 (Site 8)

Media

Exposure Point

Exposure Route

Drinking
Water

Off-Base
Residential Wells

Ingestion

Exposed Population
Residents with
Contaminated Private
Wells

Time
Past

Pathway Completion Status
Complete-But we do not know when exposure
began because there are no well sampling data
before June 2014
Complete-PFAS detected in 37 wells. Five wells
above HBCVs However, a point-of-entry (POE)
water treatment system was installed at RES17
in October 2014, eliminating their exposure.
POE water treatment systems were installed at
three other residences in July and August 2016;
the two with exceedances and another slightly
below the EPA health advisory. Bottled water
was provided to seasonal users of Great Bay
National Wildlife Refuge well.

Private
Wells

Pease AFB–Fire
Dept. Training Area
2 (Site 8)

Drinking
Water

Off-Base
Residential Wells

Ingestion

Residents with
Contaminated Private
Wells

Present
and Future

Private
Wells

Pease AFB–Fire
Dept. Training Area
2 (Site 8)

Shower
or Bath
Water

Off-Base
Residential Wells

Dermal
Absorption and
Inhalation of
PFAS as vapors

Residents with
Contaminated Private
Wells

Past

Incomplete. PFAS are not volatile and inhalation
of PFAS as vapor is an incomplete pathway

Private
Wells

Pease AFB–Fire
Dept. Training Area
2 (Site 8)

Shower
or Bath
Water

Off-Base
Residential Wells

Private
Wells

Pease AFB–Fire
Dept. Training Area
2 (Site 8)

Drinking
Water

Off-Base
Residential Wells

Private
Wells

Pease AFB–Fire
Dept. Training Area
2 (Site 8)

Drinking
Water

Off-Base
Residential Wells

Dermal
Absorption and
Inhalation of
PFAS as vapors

Residents with
Contaminated Private
Wells

Present
and Future

Incomplete. PFAS are not volatile and inhalation
of PFAS as vapor is an incomplete pathway. The
22 residential wells and the seasonal Refuge
well users without POEs– But the non-drinking
water exposure routes contribute negligible
additional intake based on current
concentrations in drinking water [ATSDR 2021,
ATSDR 2018b]

Ingestion

Pregnant Women and
Women of child
bearing age who
breastfeed

Past

Completed

Breast feeding infants

Past,
Present,
and Future

Completed

Ingestion
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Table A-4. (CONTINUED)
Pathway

Source

Media

Biota (Fish
Deer)

Pease AFB–Fire Dept.
Training Area 2 (Site
8)

Biota

Surface
Water

Surface water-Great
Bay

Surface
Water

Exposure Point
On or off base
where fish,
shellfish, or deer
are caught
Swimming,
wading

Exposure Route

Exposed Population

Time

Pathway Completion Status

Ingestion

Consumers of fish,
shellfish, or deer meat

Past, Present,
and Future

Potential

Dermal, ingestion

Recreational
swimmers/wader

Past, Present,
and Future

Potential

Table A-5. Health-based comparison values used to screen water quality for PFAS. Concentrations
in micrograms per liter (µg/L)
Specific PFAS
Health-Based Comparison Value Source
Value (µg/L)
PFBA

MDH HRL

7

PFBS

MDH HRL

2

PFHxS

ATSDR EMEG

0.14

PFNA

ATSDR EMEG

0.021

PFOA

ATSDR EMEG

0.021

PFOS

ATSDR EMEG

0.014

Notes: There were no HBCVs for the following: PFOSA, 6:2 FTS, 8:2 FTS, EtFOSA, EtFOSE, MeFOSA, MeFOSE, PEPeA0,
PFDA, PFDoA, PFDS, PFHpA, PFHpS, PFHxA, PFTeDA, PFTrDA, or PFUnA
Abbreviations: PFAS = per and polyfluoroalkyl substances. ATSDR = These values were derived by ATSDR for children’s
exposures. This value is called an Environmental Media Evaluation Guide (EMEG) and is an estimated contaminant
concentration that is not expected to result in adverse noncarcinogenic health effects based on ATSDR evaluation. EMEGs are
based on ATSDR MRLs and health-protective assumptions about exposure, such as intake rate, exposure frequency and
duration, and body weight. Child drinking water EMEGs are based on an infant (age birth to one year old) weighing 7.8 kg and
an intake rate of 1.113 liters per day; HBCV = health-based comparison value; MDH = Minnesota Department of Health Risk
Limit (HRL) [MDH 2017a, 2017b, 2017c. 2017d].
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Table A-6 Exposure assumptions used for dose calculations
Exposure Assumptions
Daily drinking water intake rate
CTE
RME
Age groups
L/day
L/day
Birth to <1 year
0.504
1.13

Body weight
kg
7.8

1 to <2 years

0.308

0.893

11.4

2 to <6 years

0.376

0.977

17.4

6 to <11 years

0.511

1.404

31.8

11 to <16 years

0.637

1.976

56.8

16 to <21 years

0.77

2.444

71.6

Adults (≥21 years)

1.227

3.092

80

Pregnant women

0.872

2.589

73

Lactating women

1.665

3.588

73

Abbreviations: CTE = central tendency exposure; kg = kilogram; L = liter; RME = reasonable maximum exposure
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Table A-7. Environmental exposure assumptions and estimated exposure doses for perfluorohexanesulfonic acid
(PFHxS) from private drinking water well identified as RES17 located within 1 mile from the former Pease Air Force
Base, Portsmouth, NH
Hazard quotient for
Margin of exposure for
Dose based on the
PFHxS (dose divided
PFHxS (effect level used to
maximum concentration
by the Intermediate
derive MRL divided by the
of PFHxS= 0.37 µg/L
MRL)
dose)*
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

2.4E-05

5.4E-05

1.20

2.68

307

137

1 to <2 years

1.0E-05

2.9E-05

0.50

1.45

734

253

2 to <6 years

8.0E-06

2.1E-05

0.40

1.04

918

353

6 to <11 years

5.9E-06

1.6E-05

0.30

0.82

1235

449

11 to <16 years

4.1E-06

1.3E-05

0.21

0.64

1769

570

16 to <21 years

4.0E-06

1.3E-05

0.20

0.63

1845

581

Adults (≥21 years)

5.7E-06

1.4E-05

0.28

0.72

1293

513

Pregnant women

4.4E-06

1.3E-05

0.22

0.66

1661

559

Lactating women

8.4E-06

1.8E-05

0.42

0.91

870

404

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFHxS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.
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Table A-8. Environmental exposure assumptions and estimated exposure doses for perfluorooctane sulfonic acid
(PFOS) from private drinking water well identified as RES17 located within 1 mile from the former Pease Air Force
Base, Portsmouth, NH
Hazard quotient for
Dose* based on the
Margin of exposure for PFOS
PFOS (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOS= 0.57 µg/L
MRL divided by the dose)†
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

3.7E-05

8.3E-05

18.4

41.3

57

25

1 to <2 years

1.5E-05

4.5E-05

7.7

22.3

140

47

2 to <6 years

1.2E-05

3.2E-05

6.2

16.0

170

66

6 to <11 years

9.2E-06

2.5E-05

4.6

12.6

230

83

11 to <16 years

6.4E-06

2.0E-05

3.2

9.9

330

110

16 to <21 years

6.1E-06

1.9E-05

3.1

9.7

340

110

Adults (≥21 years)

8.7E-06

2.2E-05

4.4

11.0

240

95

Pregnant women

6.8E-06

2.0E-05

3.4

10.1

310

100

Lactating women

1.3E-05

2.8E-05

6.5

14.0

160

75

Notes: Shaded = Exceedance of health-based comparison value. *The maximum value was from samples collected at the faucet before the whole house
activated carbon treatment system was installed on October 18, 2014.
†Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.

A-12

Table A-9. Environmental exposure assumptions and estimated exposure doses for perfluorooctanoic acid (PFOA)
from private drinking water well identified as RES17 located within 1 mile from the former Pease Air Force Base,
Portsmouth, NH
Hazard quotient for
Dose* based on the
Margin of exposure for PFOA
PFOA (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOA= 0.11 µg/L
MRL divided by the dose)†
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

7.1E-06

1.6E-05

2.37

5.31

120

52

1 to <2 years

3.0E-06

8.6E-06

0.99

2.87

280

95

2 to <6 years

2.4E-06

6.2E-06

0.79

2.06

350

130

6 to <11 years

1.8E-06

4.9E-06

0.59

1.62

460

170

11 to <16 years

1.2E-06

3.8E-06

0.41

1.28

670

210

16 to <21 years

1.2E-06

3.8E-06

0.39

1.25

690

220

Adults (≥21 years)

1.7E-06

4.3E-06

0.56

1.42

490

190

Pregnant women

1.3E-06

3.9E-06

0.44

1.30

620

210

Lactating women

2.5E-06

5.4E-06

0.84

1.80

330

150

Notes: *The maximum value was from samples collected at the faucet before the whole house activated carbon treatment system was installed on October
18, 2014. Shaded = Exceedance of health-based comparison value.
†Margin of exposure for PFOA (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.

A-13

Table A-10. Environmental exposure assumptions and estimated exposure doses for perfluorooctane sulfonic acid
(PFOS) from private drinking water well identified as RES19 located within 1 mile from the former Pease Air Force
Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOS
PFOS (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOS= 0.086 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

5.6E-06

1.2E-05

2.8

6.2

380

170

1 to <2 years

2.3E-06

6.7E-06

1.2

3.4

900

310

2 to <6 years

1.9E-06

4.8E-06

0.9

2.4

1100

430

6 to <11 years

1.4E-06

3.8E-06

0.7

1.9

1500

550

11 to <16 years

9.6E-07

3.0E-06

0.5

1.5

2200

700

16 to <21 years

9.2E-07

2.9E-06

0.5

1.5

2300

720

Adults (≥21 years)

1.3E-06

3.3E-06

0.7

1.7

1600

630

Pregnant women

1.0E-06

3.1E-06

0.5

1.5

2000

690

Lactating women

2.0E-06

4.2E-06

1.0

2.1

1100

500

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.

A-14

Table A-11. Environmental exposure assumptions and estimated exposure doses for perfluorooctane sulfonic acid
(PFOS) from private drinking water well identified as RES21 located within 1 mile from the former Pease Air Force
Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOS
PFOS (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOS= 0.043µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

2.8E-06

6.2E-06

1.4

3.1

760

340

1 to <2 years

1.2E-06

3.4E-06

0.6

1.7

1800

620

2 to <6 years

9.3E-07

2.4E-06

0.5

1.2

2300

870

6 to <11 years

6.9E-07

1.9E-06

0.3

0.9

3000

1100

11 to <16 years

4.8E-07

1.5E-06

0.2

0.7

4400

1400

16 to <21 years

4.6E-07

1.5E-06

0.2

0.7

4500

1400

Adults (≥21 years)

6.6E-07

1.7E-06

0.3

0.8

3200

1300

Pregnant women

5.1E-07

1.5E-06

0.3

0.8

4100

1400

Lactating women

9.8E-07

2.1E-06

0.5

1.1

2100

990

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.

A-15

Table A-12. Environmental exposure assumptions and estimated exposure doses for perfluorooctanoic acid (PFOA)
from private drinking water well identified as RES21 located within 1 mile from the former Pease Air Force Base,
Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOA
PFOA (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOA= 0.021 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

1.4E-06

3.0E-06

0.45

1.01

610

270

1 to <2 years

5.7E-07

1.6E-06

0.19

0.55

1400

500

2 to <6 years

4.5E-07

1.2E-06

0.15

0.39

1800

700

6 to <11 years

3.4E-07

9.3E-07

0.11

0.31

2400

890

11 to <16 years

2.4E-07

7.3E-07

0.08

0.24

3500

1100

16 to <21 years

2.3E-07

7.2E-07

0.08

0.24

3600

1100

Adults (≥21 years)

3.2E-07

8.1E-07

0.11

0.27

2500

1000

Pregnant women

2.5E-07

7.4E-07

0.08

0.25

3300

1100

Lactating women

4.8E-07

1.0E-06

0.16

0.34

1700

800

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOA (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical
per kilogram of body weight per day; RME = reasonable maximum exposure.

A-16

Table A-13. Environmental exposure assumptions and estimated exposure doses for perfluorooctane
sulfonic acid (PFOS) from private drinking water well identified as RES23 located within 1 mile from the
former Pease Air Force Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOS
PFOS (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOS= 0.052 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

3.4E-06

7.5E-06

1.7

3.8

630

280

1 to <2 years

1.4E-06

4.1E-06

0.7

2

1500

520

2 to <6 years

1.1E-06

2.9E-06

0.56

1.5

1900

720

6 to <11 years

8.4E-07

2.3E-06

0.42

1.1

2500

910

11 to <16 years

5.8E-07

1.8E-06

0.29

0.9

3600

1200

16 to <21 years

5.6E-07

1.8E-06

0.28

0.89

3800

1200

Adults (≥21 years)

8.0E-07

2.0E-06

0.4

1

2600

1000

Pregnant women

6.2E-07

1.8E-06

0.31

0.92

3400

1100

Lactating women

1.2E-06

2.6E-06

0.59

1.3

1800

820

Notes: Shaded = Exceedance of health-based comparison value. Sample obtained from the wellhead. The faucet concentrations were lower.
This calculation was conducted since the wellhead data drove the decision to provide an alternative water source for RES23.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per
kilogram of body weight per day; RME = reasonable maximum exposure.

A-17

Table A-14. Environmental exposure assumptions and estimated exposure doses for perfluorooctanoic acid
(PFOA) from private drinking water well identified as RES23 located within 1 mile from the former Pease Air
Force Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOA
PFOA (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOA= 0.015 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

9.7E-07

2.2E-06

0.32

0.72

850

380

1 to <2 years

4.1E-07

1.2E-06

0.14

0.39

2000

700

2 to <6 years

3.2E-07

8.4E-07

0.11

0.28

2500

970

6 to <11 years

2.4E-07

6.6E-07

0.08

0.22

3400

1200

11 to <16 years

1.7E-07

5.2E-07

0.06

0.17

4900

1600

16 to <21 years

1.6E-07

5.1E-07

0.05

0.17

5100

1600

Adults (≥21 years)

2.3E-07

5.8E-07

0.08

0.19

3600

1400

Pregnant women

1.8E-07

5.3E-07

0.06

0.18

4600

1500

Lactating women

3.4E-07

7.4E-07

0.11

0.25

2400

1100

Note: Sample obtained from the wellhead. The faucet concentrations were lower. This calculation was conducted since the wellhead data
drove the decision to provide an alternative water source for RES23.
*Margin of exposure for PFOA (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical
per kilogram of body weight per day; RME = reasonable maximum exposure.

A-18

Table A-15. Environmental exposure assumptions and estimated exposure doses for perfluorooctane sulfonic acid
(PFOS) from private drinking water well identified as RES37/GBNWR located within 1 mile from the former Pease Air
Force Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOS
PFOS (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOS= 0.13 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

8.4E-06

1.9E-05

4.2

9.4

250

110

1 to <2 years

3.5E-06

1.0E-05

1.8

5.1

600

210

2 to <6 years

2.8E-06

7.3E-06

1.4

3.6

750

290

6 to <11 years

2.1E-06

5.7E-06

1.0

2.9

1000

370

11 to <16 years

1.5E-06

4.5E-06

0.7

2.3

1400

460

16 to <21 years

1.4E-06

4.4E-06

0.7

2.2

1500

470

Adults (≥21 years)

2.0E-06

5.0E-06

1.0

2.5

1100

420

Pregnant women

1.6E-06

4.6E-06

0.8

2.3

1400

460

Lactating women

3.0E-06

6.4E-06

1.5

3.2

710

330

Notes: The intermediate exposure scenario for these well users include the following: seven days per week for eight weeks. This was established since the
supplied residents is only seasonal (i.e., eight summer weeks). Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.

A-19

Table A-16. Environmental exposure assumptions and estimated exposure doses for perfluorohexanesulfonic acid
(PFHxS) from private drinking water well identified as RES37/GBNWR located within 1 mile from the former Pease
Air Force Base, Portsmouth, NH
Hazard quotient for
Margin of exposure for
Dose based on the
PFHxS (dose divided
PFHxS (effect level used to
maximum concentration
by the Intermediate
derive MRL divided by the
of PFHxS= 0.099 µg/L
MRL)
dose)*
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

6.4E-06

1.4E-05

0.32

0.72

1147

512

1 to <2 years

2.7E-06

7.8E-06

0.13

0.39

2744

946

2 to <6 years

2.1E-06

5.6E-06

0.11

0.28

3431

1320

6 to <11 years

1.6E-06

4.4E-06

0.08

0.22

4614

1679

11 to <16 years

1.1E-06

3.4E-06

0.06

0.17

6611

2131

16 to <21 years

1.1E-06

3.4E-06

0.05

0.17

6894

2172

Adults (≥21 years)

1.5E-06

3.8E-06

0.08

0.19

4834

1918

Pregnant women

1.2E-06

3.5E-06

0.06

0.18

6207

2091

Lactating women

2.3E-06

4.9E-06

0.11

0.24

3251

1508

Note: The intermediate exposure scenario for these well users include the following: seven days per week for eight weeks. This was established since the
supplied residents is only seasonal (i.e., eight summer weeks).
*Margin of exposure for PFHxS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.

A-20

Table A-17. Environmental exposure assumptions and estimated exposure doses for perfluorooctane sulfonic acid
(PFOS) from private drinking water well identified as RES03 located within 1 mile from the former Pease Air Force
Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOS
PFOS (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOS = 0.015 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

9.7E-07

2.2E-06

0.5

1.1

2200

970

1 to <2 years

4.1E-07

1.2E-06

0.2

0.6

5200

1800

2 to <6 years

3.2E-07

8.4E-07

0.2

0.4

6500

2500

6 to <11 years

2.4E-07

6.6E-07

0.1

0.3

8700

3200

11 to <16 years

1.7E-07

5.2E-07

0.1

0.3

12000

4000

16 to <21 years

1.6E-07

5.1E-07

0.1

0.3

13000

4100

Adults (≥21 years)

2.3E-07

5.8E-07

0.1

0.3

9100

3600

Pregnant women

1.8E-07

5.3E-07

0.1

0.3

12000

3900

Lactating women

3.4E-07

7.4E-07

0.2

0.4

6100

2800

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of body
weight per day; RME = reasonable maximum exposure.

A-21

Table A-17A. Environmental exposure assumptions and estimated exposure doses for perfluorooctanoic acid (PFOA)
from private drinking water well identified as RES03 located within 1 mile from the former Pease Air Force Base,
Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOA
PFOA (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOA = 0.024 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

1.6E-06

3.5E-06

0.52

1.16

529

236

1 to <2 years

6.5E-07

1.9E-06

0.22

0.63

1266

437

2 to <6 years

5.2E-07

1.3E-06

0.17

0.45

1583

609

6 to <11 years

3.9E-07

1.1E-06

0.13

0.35

2129

775

11 to <16 years

2.7E-07

8.3E-07

0.09

0.28

3050

983

16 to <21 years

2.6E-07

8.2E-07

0.09

0.27

3181

1002

Adults (≥21 years)

3.7E-07

9.3E-07

0.12

0.31

2230

885

Pregnant women

2.9E-07

8.5E-07

0.10

0.28

2864

965

Lactating women

5.5E-07

1.2E-06

0.18

0.39

1500

696

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of body weight per day;
RME = reasonable maximum exposure.

A-22

Table A-18. Environmental exposure assumptions and estimated exposure doses for perfluorooctane sulfonic acid (PFOS) from
private drinking water well identified as RES20 located within 1 mile from the former Pease Air Force Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOS
PFOS (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOS= 0.038 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

2.5E-06

5.5E-06

1.2

2.8

855

381

1 to <2 years

1.0E-06

3.0E-06

0.5

1.5

2045

705

2 to <6 years

8.2E-07

2.1E-06

0.4

1.1

2557

984

6 to <11 years

6.1E-07

1.7E-06

0.3

0.8

3439

1252

11 to <16 years

4.3E-07

1.3E-06

0.2

0.7

4928

1589

16 to <21 years

4.1E-07

1.3E-06

0.2

0.6

5139

1619

Adults (≥21 years)

5.8E-07

1.5E-06

0.3

0.7

3603

1430

Pregnant women

4.5E-07

1.3E-06

0.2

0.7

4626

1558

Lactating women

8.7E-07

1.9E-06

0.4

0.9

2423

1124

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.

A-23

Table A-18a. Environmental exposure assumptions and estimated exposure doses for perfluorooctanoic acid (PFOA) from private
drinking water well identified as RES20 located within 1 mile from the former Pease Air Force Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOA
PFOA (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOA= 0.021 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

1.36E-06

3.04E-06

0.45

1.01

605

270

1 to <2 years

5.67E-07

1.65E-06

0.19

0.55

1447

499

2 to <6 years

4.54E-07

1.18E-06

0.15

0.39

1809

696

6 to <11 years

3.37E-07

9.27E-07

0.11

0.31

2433

885

11 to <16 years

2.36E-07

7.31E-07

0.08

0.24

3486

1124

16 to <21 years

2.26E-07

7.17E-07

0.08

0.24

3635

1145

Adults (≥21 years)

3.22E-07

8.12E-07

0.11

0.27

2549

1012

Pregnant women

2.51E-07

7.45E-07

0.08

0.25

3273

1102

Lactating women

4.79E-07

1.03E-06

0.16

0.34

1714

795

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.

A-24

Table A-19. Environmental exposure assumptions and estimated exposure doses for perfluorooctane sulfonic acid
(PFOS) from private drinking water well identified as RES25 located within 1 mile from the former Pease Air Force
Base, Portsmouth, NH
Hazard quotient for
Dose based on the
Margin of exposure for PFOS
PFOS (dose divided
maximum concentration
(effect level used to derive
by the Intermediate
of PFOS= 0.014 µg/L
MRL divided by the dose)*
MRL)
CTE
RME
CTE
RME
Age groups
CTE unitless RME unitless
mg/kg/day mg/kg/day
unitless unitless
Birth to <1 year

9.0E-07

2.0E-06

0.5

1.0

2300

1000

1 to <2 years

3.8E-07

1.1E-06

0.2

0.5

5600

1900

2 to <6 years

3.0E-07

7.9E-07

0.2

0.4

6900

2700

6 to <11 years

2.2E-07

6.2E-07

0.1

0.3

9300

3400

11 to <16 years

1.6E-07

4.9E-07

0.1

0.2

13000

4300

16 to <21 years

1.5E-07

4.8E-07

0.1

0.2

14000

4400

Adults (≥21 years)

2.1E-07

5.4E-07

0.1

0.3

9800

3900

Pregnant women

1.7E-07

5.0E-07

0.1

0.2

13000

4200

Lactating women

3.2E-07

6.9E-07

0.2

0.3

6600

3100

Note: Shaded = Exceedance of health-based comparison value.
*Margin of exposure for PFOS (based on HED effect level from study used to derive MRL divided by the dose).
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of chemical per kilogram of
body weight per day; RME = reasonable maximum exposure.
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Table A-20. Environmental exposure assumptions and estimated exposure doses for perfluorohexanoic acid (PFHxA)
from private drinking water well identified as RES17F located within 1 mile from the former Pease Air Force Base,
Portsmouth, NH
Exposure Assumptions
Dose Based on the Maximum
Daily Drinking
Concentration PFHxA 0.23 µg/L*
Water Intake
Body
Rate
Weight
CTE
RME
CTE
RME
Age groups
L/day L/day
kg
mg/kg/day
mg/kg/day
Birth to < 1 year

0.504

1.113

7.8

1.49E-05

5.4E-05

1 to < 2 years

0.308

0.893

11.4

6.21E-06

2.9E-05

2 to < 6 years

0.376

0.977

17.4

4.97E-06

2.1E-05

6 to < 11 years

0.511

1.404

31.8

3.70E-06

1.6E-05

11 to < 16 years

0.637

1.976

56.8

2.58E-06

1.3E-05

16 to < 21 years

0.77

2.444

71.6

2.47E-06

1.3E-05

Adults (≥21 years)

1.227

3.092

80

3.54E-06

1.4E-05

Pregnant Women

0.872

2.589

73

2.75E-06

1.3E-05

Lactating Women

1.665

3.588

73

5.26E-06

1.8E-05

Note: *The maximum value was from samples collected at the faucet before the whole house activated carbon treatment system was
installed.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of
chemical per kilogram of body weight per day; RME = reasonable maximum exposure.
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Table A-21. Combined perfluorohexanesulfonic acid (PFHxS), perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS) hazard index for private drinking water well identified as RES17F
located within 1 mile from the former Pease Air Force Base, Portsmouth, NH
Exposure assumptions
Hazard index (HI) for
Daily drinking water intake
Body weight
combined PFHxS, PFOA,
rate
and PFOS
CTE
RME
CTE
RME
Age groups
L/day
L/day
kg
unitless
unitless
Birth to <1 year

0.504

1.13

7.8

21.98

49.28

1 to <2 years

0.308

0.89

11.4

9.19

26.65

2 to <6 years

0.376

0.98

17.4

7.35

19.10

6 to <11 years

0.511

1.4

31.8

5.47

15.02

11 to <16 years

0.637

1.98

56.8

3.81

11.83

16 to <21 years

0.77

2.44

71.6

3.66

11.61

Adults (≥21 years)

1.227

3.09

80

5.22

13.15

Pregnant women

0.872

2.59

73

4.06

12.06

Lactating women

1.665

3.59

73

7.76

16.72

Notes: Shaded = exceedance of an HI of 1. Estimated exposure doses assume 100% of exposure is from drinking water
ingestion.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; HI = hazard index is the combined hazard quotients for
PFHxS, PFOA and PFOS combined; kg = kilogram; L = liter; RME = reasonable maximum exposure.
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Table A-22. Environmental exposure assumptions and calculated hazard indexes for
combined perfluorohexanesulfonic acid (PFHxS), perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS) for private drinking water well identified as RES19
located within 1 mile from the former Pease Air Force Base, Portsmouth, NH
Exposure Assumptions
Hazard Indexes (HI)
for combined PFHxS,
Daily Drinking Water
Body
PFOA, and PFOS
Intake Rate
Weight
CTE
RME
CTE
RME
Age groups
L/day
L/day
kg
unitless
unitless
Birth to < 1 year

0.504

1.113

7.8

3.25

7.28

1 to < 2 years

0.308

0.893

11.4

1.36

3.94

2 to < 6 years

0.376

0.977

17.4

1.09

2.82

6 to < 11 years

0.511

1.404

31.8

0.81

2.22

11 to < 16 years

0.637

1.976

56.8

0.56

1.75

16 to < 21 years

0.77

2.444

71.6

0.54

1.72

Adults (≥21 years)

1.227

3.092

80

0.77

1.94

Pregnant Women

0.872

2.589

73

0.60

1.78

Lactating Women

1.665

3.588

73

1.15

2.47

Note: Shaded = Exceedance of health-based comparison value.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day =
milligrams of chemical per kilogram of body weight per day; RME = reasonable maximum exposure.
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Table A-23. Environmental exposure assumptions and calculated hazard indexes for
combined perfluorohexanesulfonic acid (PFHxS), perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS) for private drinking water well identified as RES21
located within 1 mile from the former Pease Air Force Base, Portsmouth, NH
Exposure Assumptions
Hazard Index (HI) for
Daily Drinking
combined PFHxS,
Water Intake
Body
PFOA, and PFOS
Rate
Weight
CTE
RME
CTE
RME
Age groups
L/day
L/day
kg
unitless
unitless
Birth to < 1 year

0.504

1.113

7.8

2.08

4.66

1 to < 2 years

0.308

0.893

11.4

0.87

2.52

2 to < 6 years

0.376

0.977

17.4

0.69

1.81

6 to < 11 years

0.511

1.404

31.8

0.52

1.42

11 to < 16 years

0.637

1.976

56.8

0.36

1.12

16 to < 21 years

0.77

2.444

71.6

0.35

1.10

Adults (≥21 years)

1.227

3.092

80

0.49

1.24

Pregnant Women

0.872

2.589

73

0.38

1.14

Lactating Women

1.665

3.588

73

0.73

1.58

Note: Shaded = Exceedance of health-based comparison value.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day =
milligrams of chemical per kilogram of body weight per day; RME = reasonable maximum exposure.
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Table A-24. Environmental exposure assumptions and calculated hazard indexes for
combined perfluorohexanesulfonic acid (PFHxS), perfluorononanoic acid (PFNA),
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS) for private
drinking water well identified as RES23 located within 1 mile from the former Pease Air
Force Base, Portsmouth, NH
Exposure Assumptions
Hazard Index (HI) for
Daily Drinking
combined PFHxS,
Water Intake
Body
PFOA, PFNA, and PFOS
Rate
Weight
CTE
RME
CTE
RME
Age groups
L/day
L/day
kg
unitless
unitless
Birth to < 1 year

0.504

1.113

7.8

2.3

5.0

1 to < 2 years

0.308

0.893

11.4

0.9

2.8

2 to < 6 years

0.376

0.977

17.4

0.8

1.9

6 to < 11 years

0.511

1.404

31.8

0.6

1.6

11 to < 16 years

0.637

1.976

56.8

0.4

1.2

16 to < 21 years

0.77

2.444

71.6

0.4

1.2

Adults (≥21 years)

1.227

3.092

80

2.3

5.0

Pregnant Women

0.872

2.589

73

0.9

2.8

Lactating Women

1.665

3.588

73

0.8

1.9

Notes: Shaded = Exceedance of health-based comparison value. Sample obtained from the wellhead. The faucet
concentrations were lower. This calculation was conducted since the wellhead data drove the decision to provide
an alternative water source for RES23.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day =
milligrams of chemical per kilogram of body weight per day; RME = reasonable maximum exposure.
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Table A-25. Environmental exposure assumptions and calculated hazard indexes for combined
perfluorohexanesulfonic acid (PFHxS), perfluorooctanoic acid (PFOA) and perfluorooctane
sulfonic acid (PFOS) for private drinking water well identified as RES37/GBNWR located within 1
mile from the former Pease Air Force Base, Portsmouth, NH
Exposure Assumptions
Hazard Index (HI) for
combined PFHxS, PFOA,
Daily Drinking Water
Body
and PFOS
Intake Rate
Weight
CTE
RME
CTE
RME
Age groups
L/day
L/day
kg
unitless
unitless
Birth to < 1 year

0.504

1.113

7.8

4.82

10.81

1 to < 2 years

0.308

0.893

11.4

2.02

5.84

2 to < 6 years

0.376

0.977

17.4

1.61

4.19

6 to < 11 years

0.511

1.404

31.8

1.20

3.29

11 to < 16 years

0.637

1.976

56.8

0.84

2.60

16 to < 21 years

0.77

2.444

71.6

0.80

2.55

Adults (≥21 years)

1.227

3.092

80

1.14

2.88

Pregnant Women

0.872

2.589

73

0.89

2.65

Lactating Women

1.665

3.588

73

1.70

3.67

Notes: The intermediate exposure scenario for these well users include the following: seven days per week for eight weeks.
This was established since the supplied residents is only seasonal (i.e., eight summer weeks). Shaded = Hazard index exceeded
1.0.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of
chemical per kilogram of body weight per day; RME = reasonable maximum exposure.
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Table A-26. Combined perfluorononanoic acid (PFNA), perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS) hazard index for private drinking water well identified as RES03
located within 1 mile from the former Pease Air Force Base, Portsmouth, NH
Exposure assumptions
Hazard index (HI) for
Daily drinking water intake
Body weight
combined PFOA, PFNA,
rate
and PFOS
CTE
RME
CTE
RME
Age groups
L/day
L/day
kg
unitless
unitless
Birth to <1 year

0.504

1.13

7.8

1.1

2.4

1 to <2 years

0.308

0.89

11.4

0.5

1.3

2 to <6 years

0.376

0.98

17.4

0.4

1.0

6 to <11 years

0.511

1.4

31.8

0.3

0.7

11 to <16 years

0.637

1.98

56.8

0.2

0.6

16 to <21 years

0.77

2.44

71.6

0.2

0.6

Adults (≥21 years)

1.227

3.09

80

1.1

2.4

Pregnant women

0.872

2.59

73

0.5

1.3

Lactating women

1.665

3.59

73

0.4

1.0

Notes: Shaded = exceedance of an HI of 1. Estimated exposure doses assume 100% of exposure is from drinking water ingestion.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; HI = hazard index is the combined hazard quotients for
PFHxS, PFNA, PFOA and PFOS combined; kg = kilogram; L = liter; RME = reasonable maximum exposure.
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Table A-27. Environmental exposure assumptions and calculated hazard indexes for
combined perfluorohexanesulfonic acid (PFHxS), perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS) for private drinking water well identified as RES20
located within 1 mile from the former Pease Air Force Base, Portsmouth, NH
Exposure Assumptions
Hazard Indexes (HI)
for combined PFHxS,
Daily Drinking Water
Body
PFOA, and PFOS
Intake Rate
Weight
CTE
RME
CTE
RME
Age groups
L/day
L/day
kg
unitless
unitless
Birth to < 1 year

0.504

1.113

7.8

1.92

4.31

1 to < 2 years

0.308

0.893

11.4

0.80

2.33

2 to < 6 years

0.376

0.977

17.4

0.64

1.67

6 to < 11 years

0.511

1.404

31.8

0.48

1.31

11 to < 16 years

0.637

1.976

56.8

0.33

1.03

16 to < 21 years

0.77

2.444

71.6

0.32

1.02

Adults (≥21 years)

1.227

3.092

80

0.46

1.15

Pregnant Women

0.872

2.589

73

0.36

1.06

Lactating Women

1.665

3.588

73

0.53

1.14

Note: Shaded = Exceedance of health-based comparison value.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day =
milligrams of chemical per kilogram of body weight per day; RME = reasonable maximum exposure.
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Table A-28. Environmental exposure assumptions and calculated hazard indexes for combined
perfluorohexanesulfonic acid (PFHxS), perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic
acid (PFOS) for private drinking water well identified as RES25 located within 1 mile from the former
Pease Air Force Base, Portsmouth, NH
Exposure Assumptions
Hazard Index (HI) for combined
Daily Drinking Water
PFHxS, PFOA, and PFOS
Body
Intake Rate
Weight
CTE
RME
CTE
RME
Age groups
L/day
L/day
kg
unitless
unitless
Birth to < 1 year

0.504

1.113

7.8

0.88

1.98

1 to < 2 years

0.308

0.893

11.4

0.37

1.07

2 to < 6 years

0.376

0.977

17.4

0.30

0.77

6 to < 11 years

0.511

1.404

31.8

0.22

0.60

11 to < 16 years

0.637

1.976

56.8

0.15

0.48

16 to < 21 years

0.77

2.444

71.6

0.15

0.47

Adults (≥21 years)

1.227

3.092

80

0.21

0.53

Pregnant Women

0.872

2.589

73

0.16

0.48

Lactating Women

1.665

3.588

73

0.31

0.67

Note: Shaded = Exceedance of health-based comparison value.
Abbreviations: µg/L = micrograms per liter; CTE = central tendency exposure; kg = kilogram; L = liter; mg/kg/day = milligrams of
chemical per kilogram of body weight per day; RME = reasonable maximum exposure.
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Equations
Equation 1. Reasonable maximum exposure (RME) concentration calculation approach.
µg
L
) x Exposure point concentration ( )
Upper Percentile Drinking Water Intake (
L
day
Reasonable maximum exposure =
(kg)
Body weight
x 1,000

Equation 2. Central tendency exposure (CTE) concentration calculation approach.
µg
L
) x Exposure point concentration ( )
Mean Drinking Water Intake (
L
day
Central tendency exposure =
Body weight (kg) x 1,000
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Appendix B–Chemical Specific Health-Based Comparison Values Discussion
Perfluorobutanoate (PFBA)
In 2017, Minnesota developed a health risk value for PFBA of 7 µg/L for chronic non-cancerous health
effects. This PFBA health risk value is based on a reference dose of 0.0014 mg/kg/day and NOAEL of
60 mg/kg/day. The critical effects end point observed in laboratory animals include liver weight
changes, morphological changes in liver and thyroid gland, decreased T4, decreased red blood cells,
decreased hematocrit and hemoglobin. The Minnesota health risk value includes an uncertainty
factor of 300 (3 for interspecies differences, 10 for intraspecies variability, and 10 for database
uncertainty) [MDH 2017c].
Perfluorobutane sulfonate (PFBS)
In 2011, Minnesota developed a health risk value for PFBS of 2 µg/L for chronic non-cancerous health
effects. This health risk value for PFBS is based on a reference dose of 0.0043 mg/kg/day and human
equivalent dose of 0.129 mg/kg/day. The critical effects were kidney epithelial and tubular/ductal
hyperplasia. The co-critical effects include focal papillary edema and necrosis in the kidney The
Minnesota health risk value includes an uncertainty factor of 300 (3 for interspecies differences (for
toxicodynamics), 10 for intraspecies variability, 3 for database uncertainty (concerns regarding
neurological effects and persistent effects observed following in utero only exposure), and 3 for use
of a subchronic study for the chronic duration [MDH 2017d, 2017e].
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Appendix C—Responses to Public Comments by Section
ATSDR released this health consultation for public comment on April 30, 2020. The public
comment period ended on July 30, 2020. The public comments received and ATSDR responses,
organized by the major headings of the health consultation, are shown below. Some
commenters provided references with their comments--these are shown at the end of this
section along with any references provided by ATSDR in response to these public comments.
Some references may be listed here and in the primary reference section of this health
consultation.

Summary
Comment: The Summary section (@ pg ii discloses a significant gap--of nearly 2 1/2 years
between the last date (DEC 2017) sampling data from the wells was considered and the
issuance of the Consultation in mid-2020. The implications, if any, of this potential staleness in
the data that forms the basis of the Consultation needs to be addressed in the Summary.
RESPONSE: ATSDR requested these additional private well sampling data from the USAF and
the final health consultation has been updated with these data and any analysis, conclusions, or
recommendations have been updated as needed. Here is a summary of the changes made to
ATSDR’s original conclusions regarding the hazard/risk posed by past or current private well
PFAS exposures:
All well hazard/risk designations remain the same except for:
RES06: Hazard still cannot be determined for past exposures, but all sampling since March 2018
has been non-detect.
RES08: Previous category was no hazard with exposure, now cannot be determined.
RES09: The USAF informed ATSDR high detection of 0.96 µg/L was reported incorrectly by the
laboratory. The lab corrected the result to 0.005 µg/L. The USAF is following up to determine if
the homeowner was notified of the reporting error.
RES18: Hazard still cannot be determined for past exposures, but sampling since March 2018
has only one detection of PFOA at 4.6 ppt.
RES34: Previous category was no hazard with exposure, but now 6:2 FTS value has increased
from 7 to 33 ppt; changed category to hazard cannot be determined.
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RES38: Hazard still cannot be determined for past exposure, but all sampling since March 2018
has been non-detect.
RES51: Previous category was no hazard with exposure, but now more PFAS detected so
changed category to cannot determine hazard.
RES52: Previous category was no hazard with no exposure, but now several PFAS detected
above lowest ATSDR CV so changed to hazard cannot be determined.
RES53: New well that was not reported in public comment health consultation release was
identified, so no previous category; new hazard category cannot be determined.
RES54: New well that was not reported in public comment health consultation release was
identified, so no previous category; new hazard category cannot be determined because only
one round of sampling conducted to date.
ATSDR has updated the dose calculations for RES03 and RES20 because of new maximum highs
for PFOA and/or PFOS. One PFAS, 6:2 FTS, was detected at 770 ppt in RES20; however, all other
sampling except for one detection of this PFAS at 5.9 ppt was non-detect. This one detection of
6:2 FTS could be an anomaly. The hazard category for these wells remains as cannot be
determined.
Comment: The Summary and the full report should more explicitly explain the evaluation
standard ATSDR applied in evaluating the data and reaching its conclusions and
recommendations and most importantly how it compares/ relates to EPA and State of NH
promulgated drinking water standards for PFAS. In that regard the issue mentioned in our
Zoom call regarding the status of NH's more protective standards has been resolved as
Governor Sununu on July 23rd signed the legislation incorporating the lower maximum PFAS
standards earlier promulgated by the NH Dept of Environmental Services. Especially where
the potential for significantly different standards may exist w/ emerging contaminants such
as PFAS, it is very important that the public be able to easily appreciate the Agency's standard
and how it may differ from other applicable standards, especially if they are stricter.
RESPONSE: ATSDR uses health-based comparison values (HBCVs) as screening values to
determine if further evaluation is needed. HBCVs are not a final determinant of whether
harmful effects are possible. HBCVs are developed based on data from the epidemiologic and
toxicological literature. Many uncertainty factors, sometimes known as safety factors, are
applied to ensure that the HBCVs amply protect human health. Once a contaminant is selected
for further evaluation, ATSDR estimates exposure doses. If exposure doses are above the health
guideline (e.g., MRLs), ATSDR then evaluates several factors to determine if the exposure doses
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may result in harmful health effects. ATSDR’s evaluation process was explained in the public
comment version of this health consultation. When no federal HBCVs are available, ATSDR uses
applicable State values. Contaminants for which there were no federal or State HBCVs are
retained for further evaluation. ATSDR used six HBCVs in the evaluations of PFAS exposures.
Four of the ATSDR-derived HBCVs (PFHxS, PFNA, PFOA, and PFOS) were used. The remaining
two HBCVs were derived by the Minnesota Department of Health (PFBA and PFBS). Given
ATSDR’s approach, if the NH Ambient Groundwater Quality Standards had been used instead of
the ATSDR HBCVs, the dose calculations and comparisons to effect levels would remain the
same. The conclusions would also remain the same.
Comment: (Conclusion 1, Next steps and study, first bullet point) Add ATSDR will make every
effort to present the findings of this report to the prior owners/residents of the affected
properties. Residential properties have changed ownership during the years between when
the contamination occurred and the testing dates. Research through town records and the
Rockingham Registry of Deeds can determine prior property owners. Residents of those
properties anytime between 1974 – the present are affected residents.
RESPONSE: ATSDR will work with local town officials and the USAF to share the findings of the
Health Consultation with prior owners/residents of the affected properties. This information
has been added to the ‘Next Steps’ section of the summary and public health action plan.
Comment: (Conclusion 1, Next steps and study, fourth bullet point) Add ATSDR and CDC are
working to address the concerns of community members regarding any potential associations
between PFAS exposure and reduced response to immunizations. Reduced responses to
immunizations are a neurological impact that is of concern to parents in regard to the routine
immunizations that protect children from many diseases. The current pandemic with Covid 19
brings this concern to all children and adults and vaccines are currently being developed to
protect from this Coronavirus. Studies have shown that adults and children with higher levels
of certain PFAS chemicals were associated with weaker responses to vaccines as noted in
ATSDR’s releases “Potential interaction between PFAS exposure and Covid-19.”
RESPONSE: CDC/ATSDR understands that many of the communities are concerned about how
PFAS exposure may affect their risk of COVID-19 infection. ATSDR agrees that this is an
important question.
CDC/ATSDR recognizes that exposure to high levels of PFAS may impact the immune system.
There is evidence from human and animal studies that PFAS exposure may reduce antibody
responses to vaccines [Grandjean et al. 2017a and 2017b; Looker et al. 2014] and may reduce
infectious disease resistance [NTP 2016]. Because COVID-19 is a new public health concern,
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there is still much that is unknown. More research is needed to understand how PFAS exposure
may affect illness from COVID-19.
Because COVID-19 is a new public health concern, any and all work around understanding this
virus is occurring in a very dynamic environment, where things change and evolve each day.
Questions about the relationship between the vaccine and PFAS exposure are certainly on our
radar and we may be able to investigate them in the future.
All that said, ATSDR is collaborating with CDC to assess the intersection between PFAS exposure
and COVID-19, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
For instance, CDC is currently implementing a study that will look at COVID-19 among
healthcare personnel and first responders. As part of this study, PFAS serum concentrations will
be measured in participants to help determine the association between serum PFAS
concentrations and the risk of SARS-CoV-2 infection and subsequent COVID-19. The study will
also evaluate the association of PFAS levels and antibody response to SARS-CoV-2 infection and
waning of antibodies over time, which may shed light on the potential impact of PFAS exposure
on vaccine response and potential duration of vaccine protection.
CDC and ATSDR are also exploring how to incorporate investigator-initiated COVID-19 research
into the current multi-site PFAS study.
ATSDR is also developing a study to evaluate the intersection between PFAS exposure and
susceptibility to viral infection, including but not limited to COVID-19, that will recruit
participants from existing ATSDR PFAS cohorts for whom we already have PFAS serum
measurements.
Comment: (Conclusion 2, Next steps) CHANGE the word – applicable to the most current NH
DES in the sentences between the first two bullet points.
RESPONSE: ATSDR accepted this text change.
Comment: Page iii – In the basis for conclusion the document describes “Human and animal
studies suggest a link between PFOA exposure and higher rates of several cancers. Animal
studies suggest a link between PFOS exposure and several cancers; although, human studies
have yet to confirm a link between cancer and PFOS exposures.” The prior health consultation
by ATSDR for Pease and the provisional Toxicological Profile for Perfluoroalkyls (ATSDR, 2018)
provide explanations that differ from this summary. We suggest that the agency review their
own text and language relative to “links” between cancer, associative studies and animal
models. One approach to address this is to lead the paragraphs (half-way down, page iii) with
ATSDR’s determination of “The cancer risk from past exposures to all PFAS in these wells is
uncertain” instead of the uncertainty of animal studies.
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RESPONSE: Based on the most current information on PFOA carcinogenicity and the
uncertainty regarding the EPA cancer slope factor for PFOA, ATSDR has updated the text
relating to potential PFAS carcinogenicity. In addition, ATSDR no longer reports a numeric
cancer risk based on the current EPA cancer slope factor for PFOA testicular cancer risk.
Comment: Page viii – The definition for the acronym “NOAEL HED” should read “Human
Equivalent Dose for NOAEL” to be consistent with the definition for the LOAEL HED. Also, the
description for EtFOSE should read “N-ethyl perfluorooctane sulfonamidoethanol”.
RESPONSE: ATSDR accepted these text changes.
Comment: Conclusions limited by several uncertainties:
• One of the biggest limitations is not knowing what was in the AFFF, how many
different types of PFAS were in it, their relative concentrations, and characteristics. I
understand that PFASs are an emerging area of study but one of the greatest
limitations is understanding the components of AFFFs. If we do not know what went
into the ground to begin with, it is nearly impossible to determine what is still is the
well water and how it impacts human health.
• Has the ATSDR received any information from the Air Force about the AFFFs used at
Pease –beyond just the locations on a map of where PFASs might have been released?
• The USAF had dragged its feet about determining the components of AFFF – lost
records, no records, trade secrets, big black box, other priorities to triage and prioritize
….. That is not helpful at all when trying to understand and report on the impacts to
human health. I would like to see a recommendation in this study with “more teeth”
about the necessity of characterizing AFFF components in order to understand
potential health impacts.
• As a bare minimum, can the ATSDR request that a study be done to look at the PFAS
components of AFFFs now on the market? Those are readily accessible, and
information should be available on their components. As a government health agency
concerned with human health, “trade secrets” and “brand name” issues should not
stand in the way of understanding human health impacts.
RESPONSE: ATSDR agrees that there are many uncertainties relating to the amount, type, and
formulation of the AFFF used at the former Pease AFB and those uncertainties are described in
the public comment version of this health consultation. Standard laboratory methods capable
of detecting a broader range of PFAS in environmental samples are also needed. As more
information becomes available, ATSDR will incorporate it into future assessments of exposure
to PFAS from sites associated with the use of AFFF. In addition, ATSDR has revised this health
consultation to recommend to the USAF that they should consider doing additional work and
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research to better understand the type and formulations of AFFF used at Pease and other
facilities to inform future monitoring efforts and health assessments.
Comment: Conclusion #1 – Based on data from June 2014 through December 2017 found
elevated risk of harmful non-cancer health effects for children who drank water from 5
residential wells (17, 19, 21, 23, 37).
• The current residents at two of these well locations are not the people who were living
there during the period of exposure, e.g., 20 years, or more, before June 2014. The
previous residents should be notified of ATSDR’s findings and get a chance to speak
with you about PFAS and the potential health issues to them and their children based
on this conclusion.
• Due to privacy concerns, the USAF has made it very difficult to find information
beyond the RES code numbers to understand which wells and which people may have
been impacted. Ask them to supply a list of all residents at the impacted properties for
20 years before June 2014. Good luck with that. The USAF has been tying itself in knots
trying to explain how confidentiality trumps the need for public understanding and
disclosure. Does it also trump the rights of the people who lived there to know that
their health may have been impacted by drinking the well water? Or to limit ATSDR’s
ability to speak with them about your findings?
• This public comment may include personal identifying information that has been
redacted due to privacy issues.

RESPONSE: Thank you for the suggestions on how to locate former Newington residents where
ATSDR has determined that past PFAS exposures from their private drinking water wells may
result in harmful health effects. ATSDR will evaluate this information and work with local town
officials and the USAF to share the findings of the Health Consultation with prior
owners/residents of the affected properties. ATSDR has added information indicating this in the
‘Next Steps’ section of the summary and public health action plan. Please note that some
information provided in this comment may violate the privacy of these former Newington
residents; therefore, this information has been redacted.
Comment: Conclusion 2 – Risks to human health from mixtures of PFAS in 24 wells cannot be
determined.
• The importance of this issue is underscored by the results of a non-targeted PFAS study
presented at Pease last Fall. At Site 8, which is the main contamination site for well
water in Newington, Dr. Higgins found 48 PFAS compounds in the groundwater on his
list of suspected targets. He believes there are likely 150 different PFAS compounds, or
more, in the water but most of them cannot be specifically tested because no assays
exist.
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See attached slide deck from Christopher Higgins of the Colorado School of Mines, who
presented at the Pease Restoration Advisory Board meeting – see
www.youtube.com/watch?v=xYvn3NDXmlM ). Dr. Higgins gave permission for me to
share his slide deck with you. He has been speaking with Rachel Rodgers at ATSDR. He
asks that the slide deck not be posted on any websites.
The 4 PFAS compounds that you were able to assess in this Health Consultation are
clearly just the tip of the iceberg based on the presence of 150+ PFAS compounds
thought to be at Site 8 that could have migrated into Newington well water. Under
Next Steps, it would be very helpful to discuss how this issue should be addressed.
The EPA, USAF, and City of Portsmouth water department have been focusing their
efforts only on the 24+ PFAS compounds that they can test for and track. Ignoring 125,
or more, of other PFASs that cannot be tested directly is like burying your head in the
sand and hoping it all turns out OK in the end.
I think a next step recommendation from ATSDR for the EPA, NHDES, and USAF to
develop a way to use non-targeted analysis (or something similar) to study and
identify the groundwater contamination from these other 124 PFAS compounds would
be very prudent.
At the very least, samples of water from all the well testing locations should be
collected and archived until such time as additional PFAS compounds in them can be
directly tested.
Also, the ability of granulated charcoal and other resins to remove ALL types of PFAS
compounds needs to be determined. The Portsmouth public drinking water system is
using both charcoal and resin to remove PFASs. I don’t have any information on what
is happening for the private wells, other than the use of charcoal.

RESPONSE: ATSDR agrees that the work of Dr. Higgins and others to identify the constituents of
various AFFF formulations is important to understand exposures to residents and workers
around Pease and elsewhere in the U.S. Moreover, ATSDR is aware of the non-target analysis
work being conducted to help achieve this goal. ATSDR is supportive of these efforts and those
to derive methods to detect and quantify other AFFF-related PFAS in water (and other media).
Finally, even if ATSDR was able to analyze and quantify all of the other AFFF-related PFAS, for
this health consultation, ATSDR would not be able to conduct a health evaluation of them
because of the lack of animal and human health data.
ATSDR evaluated the drinking water sampled from private wells with treatment systems (called
granular activated carbon systems or GACs). The samples were collected after going through
the treatment system. During the period from 2017 through June 2020, there were very low
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concentrations detected for a few PFAS in samples from the faucet. The following were
detected after the treatment systems in these three wells (at low levels - units are µg/L):
RES17 from faucet after GAC
2015
PFDA=0.0037
PFDS=0.0056
PFHpS=0.0049
PFTeDA=0.005
2018
PFOSA=0.0043
RES19 from faucet after GAC
2018
PFTeDA=0.0039
RES21 from faucet after GAC
No detections
RES23 from faucet after GAC
2018
PFOSA=0.0042
For RES17, the PFAS detected in 2015 occurred shortly after the GAC treatment was installed on
March 17, 2015, with only one detection after that in 2018. The PFAS detected were below
ATSDR’s most conservative HBCV. For the other wells that have had a treatment system, there
have been only a few instances of PFAS detections in treated water at the faucet and these
have been below ATSDR’s most conservative HBCV. Overall, the systems appear to be working
well, and this information does not change any of ATSDR’s conclusions or recommendations in
this health consultation.

1. Background and Statement of Issues
Comment: (Page 3, Section 1 Background and Statement of Issues) On page 3 (second
paragraph), the ATSDR Health Consultation provided for public comment cites the “current
EPA health advisory of 0.07 μg/L.” This needs to be correctly stated in the first mention of this
“health advisory” as the EPA “lifetime drinking water health advisory.”
RESPONSE: No change was made because the U.S. EPA uses the term “health advisory” and no
longer uses the term “lifetime drinking water health advisory.”
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Comment: (Section 1, Second paragraph, page 3) Confirm correct acronym for Provisional
Health Advisory; document adds “Level” and resulting acronym is PHAL versus PHA.
Conversely Lifetime Health Advisory is LHA.
Recommendation: Global change to acronyms to PHA.
RESPONSE: ATSDR will use the term provisional health advisory and not abbreviate it, thereby
avoiding confusion with the ATSDR term public health assessment (PHA).
Comment: (Background and Statement of Issues, page 4, line 9) The text separated by dashes,
— potentially PFAS contaminated — seems clunky especially since the next word areas, goes
with the adjective contaminated.
Recommendation: Remove both.
RESPONSE: ATSDR accepted these text changes.
Comment: (Background and Statement of Issues, page 4, line 12) Since you explicitly talk
about 21 sites, and mention 11 are being investigated, the sentence, “Ten sites currently are
not the focus of additional investigations [AMECFW 2017].” Seems redundant.
Recommendation: Recommend removing the sentence.
RESPONSE: ATSDR will maintain the current wording for clarity.
Comment: (Background and Statement of Issues, page 4, line 13) “Since about 2014”
awkward wording, is the actual date not known?
Recommendation: Recommend “In 2014”, or if not known “Around 2014”.
RESPONSE: “In 2014” will be used.
Comment: At page 4 the study area includes only those residential wells in the Town of
Newington located w/in approximately 1 mile from the former Pease AFB. This area was
designated by USAF on the recommendation of its consultant AMEC, 6 years ago when little
was known about the significant amount/extent of PFAS in ground water in the Town coming
from the former firefighting site @ the north end of the base where the one mile radius
begins. Currently it now is known that there are plumes of PFAS contaminated ground water
emanating from the firefighting site into the residential areas of the Town. While a further
site investigation is expected to define the full extent of the spread of the contamination, it
appears clear that the entire area of the residentially zoned portion of the Town, including
Fox Point which is currently considered outside the study area, should have any wells sampled
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and considered in further consultations or follow up. The Consultation should clearly note the
limitation on its scope resulting from this potentially outdated limitation of the study area.
RESPONSE: ATSDR used the private drinking water well locations provided by the USAF and
included two additional wells added to the inventory since late 2017. ATSDR agrees that there
are limitations in knowing the full extent of the PFAS plume.

2. Groundwater PFAS Contaminant History
Comment: (Section 2.3, page 5) It states: “Some community members noticed foam floating
on the surface waterways where they used to play.” This may be important, but without
details or supporting documentation it seems out of place in a scientific paper.
Recommendation: Specify how many community members reported this, when and how they
reported it, and add a citation.
RESPONSE: ATSDR learned about those observations while listening to residents during several
meetings. Those meetings included a 12-hour public availability session as well as two
Newington Town Selectmen board meetings. Additional details were not provided.
Comment: (Section 2.3, page 5 and 8) More recent data exists for the surface water and biota
pathways. After conclusion of the Expanded Site Inspection, the State of NH Environmental
Health Program evaluated potential shellfish exposures using State derived reference doses
to conclude that no unacceptable risk from shellfish consumption currently exists.
http://www4.des.state.nh.us/IISProxy/IISProxy.dll?ContentId=4824416
Recommendation: Include discussion of actual results and try to avoid breaking section 2.3
with insertion of Figures 1 and 2.
RESPONSE: The split text has been repaired. The paragraph will be modified to the following:
Some community members noticed foam floating on the surface waterways where they used to
play. ATSDR cannot confirm that the foam observed by the community was AFFF. If AFFF
impacted the surface water bodies, residents in the area may have been exposed to PFAS while
playing in the nearby waterways.
The NH DES evaluated PFAS exposures from eating shellfish. Their observations are provided
below.
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“Based on the currently available data and reported concentrations in shellfish, the ...
[Environmental Health Program] has determined a shellfish consumption advisory is not
necessary. Using conservative ... exposure assumptions ... and the highest PFOS concentration, a
tissue consumption limit ... would exceed the recognized shellfish consumption rates for people
residing in the Northeastern U.S. ... Although some PFOS tissue concentrations exceed the more
conservative NHDES [Screening Levels or SLs] in certain samples, they do not present a
significant risk of exposure for the typical consumer of shellfish including oysters, clams and
mussels. Additionally, these sites are subject to existing restrictions on recreational shellfish
harvesting that further reduces potential exposure risk from the measured concentrations.
The EHP notes that the revised draft report detected three other PFAS in shellfish samples
including: Perfluorooctane sulfonamide (PFOSA, about 23% of samples), Perfluorobutanoic acid
(PFBA, about 34% of samples) and Perfluoropentanoic acid (PFPeA, 100% of samples). At this
time, neither the U.S. EPA, [the] Agency for Toxic Substances and Disease Registry (ATSDR,
2018), or NHDES have toxicity values for these PFAS and therefore cannot determine SLs for site
investigations. If toxicity values are developed for these PFAS, the EHP will reassess the available
data and may adjust its recommendation(s) accordingly.”
Source: https://www4.des.state.nh.us/IISProxy/IISProxy.dll?ContentId=4824416
Based on NHDES’ evaluation, it appears that any exposures that might have occurred to PFAS
(primarily PFOS) in shellfish from the Great Bay are not likely to result in harmful effects. The
existing restrictions in place would further reduce the potential for any exposures. NHDES could
not evaluate all PFAS present in shellfish because of the lack of toxicity data. Moreover, the
NHDES indicated that PFOS detections occurred in shellfish collected from the Broad Cove at
the mouth of Knights Brook, Great Bay at the Mouth of McIntyre Brook, and Trickys Cove at the
mouth of Pickering Brook. If any residents with contaminated wells in Newington consumed
shellfish from these areas, they that would have added to the PFAS exposures they are
receiving from the private wells and other sources. ATSDR recommends that residents using
wells where ATSDR has determined a hazard exists for past exposures or where current
exposures cannot be determine should consider not consuming shellfish from these areas.

3. ATSDR’s Evaluation Process
Comment: (Page 12, Table 1) Table 1 of the ATSDR Health Consultation provided for public
comment is presented as binary outcomes (i.e., yes or no). The commenter recommends that
the actual values also be presented in parentheses in this table for each of these wells.
Otherwise, the reader must find these data in the appendices.
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RESPONSE: The information in Table 1 was provided to the reader for a quick review of
exceedances with all of the maximally detected values clearly shown in Table 1.
Comment: (Section 3.2, page 10) It states: “…other characteristics can affect how a person’s
body responds to an exposure.” It is unclear what is meant by “other characteristics.”
Recommendation: Either delete “other characteristics” or provide an example.
Anthropometric variables, such as height or body fat percentage, may be examples of other
characteristics.
RESPONSE: There are many characteristics which could be listed, but the main ones were listed
for emphasis.
Comment: (Section 3.3, page 11) The second paragraph references Table A-5 but not
Appendix B.
Recommendation: Add a reference to Appendix B at the end of this section.
RESPONSE: The last sentence was modified to the following: “Table A-5 shows the HBCVs used
in this evaluation. Please see Appendix B for details on the ATSDR process.”
Comment: (Section 3.3, first sentence, page 11) Document states that HBCVs as “screening
values” which per section 3.2 are “based on contaminant concentrations many times lower
than levels at which no effects were observed”. HBCVs are used throughout the document
similar to a reference dose for determining potential non-cancer health effects.
Recommendation: Clarify whether HBCVs are truly screening values per the definition.
RESPONSE: ATSDR HBCV’s are media-specific values used to compare to environmental levels
to determine if further evaluation is needed. Exceedances of HBCVs do not mean non-cancer
health effects will occur. ATSDR’s HBCVs are derived from various health guidelines, such as
ATSDR MRLs and EPA RfDs. Health guidelines are in dose units (e.g., mg/kg/day). After a
contaminant is selected for further evaluation using an HBCV, ATSDR will then calculate an
exposure dose which is then compared to a health guideline. If an exposure dose is above a
health guideline, ATSDR will evaluate how close the dose is to effect levels along with other
factors to determine if harmful health effects are possible.
Comment: (Section 3.3 and 7.3, page 11 and 38) Current text at 3.3 notes: “As a first step in
the evaluation process, ATSDR uses health-based comparison values (HBCVs) as screening
values… When no federal HBCVs are available, ATSDR uses applicable state values… ATSDR
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used six HBCVs in the evaluations of PFAS exposures. Four of the ATSDR-derived HBCVs
(PFHxS, PFNA, PFOA, and PFOS) were used. The remaining two HBCVs were derived by the
Minnesota Department of Health (PFBA and PFBS).” Similar text appears at 7.3.
In its review of previous drafts, the Air Force recommended the ATSDR Health Assessment not
use state HBCVs without formal ATSDR review, a recommendation that has not changed. The
Air Force also notes that EPA has published peer reviewed toxicity values for PFBS, and
question why, if the ATSDR hierarchy described in the document is to use state HBCVs when
federal values are unavailable, ATSDR continues to use HBCVs derived by Minnesota
Department of Health. It is understood that revised toxicity values for PFBS have been
proposed by EPA and may be revised before being finalized in the Federal Register, and that
EPA has other PFAS actions on-going including the Systematic Review Protocol for PFDA,
PFNA, PFHxA, PFHxS and PFBA for Integrated Risk Information System (IRIS) assessments, but
the existing EPA peer reviewed toxicity value for PFBS remains valid and should be considered
before defaulting to a state value without formal review.
Recommendation: The Air Force recommends ATSDR use valid toxicity values developed by
other federal agencies such as EPA when ATSDR-derived HBCVs are not available and
reiterates the recommendation that state HBCVs without formal ATSDR review are not to be
used.
RESPONSE: ATSDR considers state screening values when appropriate ATSDR or EPA screening
values are not available. ATSDR scientists vetted the MN screening values used by ATSDR for
screening in this health consultation. In general, ATSDR does not use draft guidance values
from other agencies. The former PFBS EPA Regional Screening Level (RSL) for drinking water,
based on a draft EPA reference dose (RfD), was 400 µg/L. The current RSL for PFBS of 6 µg/L is
based on a final EPA RfD. The EPA RSL is above the MN PFBS value of 2 µg/L used by ATSDR for
screening in this health consultation. The use of either of these values would not have resulted
in ATSDR screening in PFBS for further evaluation. Therefore, ATSDR’s conclusions would not
have changed.
Comment: Page 11 – HBCVs for PFBS and PFBA – The agency should provide more explanation
for the selection of these HBCVs for screening purposes at this site. The document details the
role of HRLs and MRLs used by ATSDR and their difference from regulatory values. Without
additional clarification there may be confusion regarding the application of ATSDR’s MRLs
and values derived by state regulatory agencies under the EPA’s risk assessment process. On
page 39 the authors note that these values were not fully reviewed by ATSDR. We support the
additional consideration of other PFAS compounds, but the differences in these types of risk
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assessment tools (e.g., RfD-derived drinking water values versus MRL-based screening values)
should be made more explicit. An example of possible miscommunication is the interpretation
of ATSDR using the MDH values for PFBS and PFBA, but not utilizing their lower value for
PFHxS nor the lower value of 18 ng/L recommended by NHDES. While Appendix B provides a
brief explanation of their derivation, it lacks text that defines their differences from a
traditional MRL and implications for risk assessment.
RESPONSE: As a general rule, ATSDR will first use screening values derived from its own MRLs.
Therefore, for PFHxS, ATSDR used 140 ng/L as the screening value. Even if ATSDR were to use
the lower NHDES value of 18 ng/L, it would not have changed the conclusions as ATSDR does
not use a screening value as an indication that harmful effects are likely to occur if the
screening value is exceeded. However, ATSDR does support prudent public health actions to
reduce exposures to users of private wells in Newington to the below NH’s regulatory values.
Also, please see the response above to comments on ATSDR’s use of MN’s PFBS value.
4. NH release of new PFAS Ambient Groundwater Quality Standards
Comment: Page 13 – Section 4. NH release of new PFAS Ambient Groundwater Quality
Standards – There are two errors with the draft in this section. The first is that an incorrect
value is stated for perfluorohexane sulfonic acid (PFHxS) as 18 μg/L and should read 0.018
μg/L (or 18 ng/L). Secondly, the standards for PFOA, PFOS, PFHxS and PFNA are currently
under injunction pending additional legal review. As such, there are only enforceable Ambient
Groundwater Quality Standards (AGQS) for 2 of the PFAS; perfluorooctanoic acid (PFOA), 0.07
μg/L, and perfluorooctane sulfonic acid (PFOS), 0.07 μg/L, or the sum of PFOA and PFOS at
0.07 μg/L. This issue may or may not be settled by the time ATSDR has completed its health
consultation, and therefore you may want to refer to the water values from NHDES (NHDES,
2019) as health-based comparison values in the revision if it is intended for release prior to
the court’s final decision.
RESPONSE: It is ATSDR’s understanding this issue has been settled and these PFAS Ambient
Groundwater Quality Standards are now promulgated. ATSDR has corrected the error in the NH
standard value reported for PFHxS to state it as 0.018 µg/L.

C-14

5. Public Health Implications of Exposure to PFAS in Drinking Water
Comment: (Pages 13 – 14, Section 5.1.1, Non-Cancer Health Effects) The public comment
version of the ATSDR Health Consultation alludes to a range of non-cancer health effects
potentially associated with “high levels of certain PFAS” in humans. These include increased
cholesterol levels, changes in liver enzymes, decreased vaccine response in children, increased
risk of high blood pressure or pre-eclampsia in pregnant women, and small decreases in
infant birth weight. The Health Consultation does not include a detailed discussion of these
potential health effects but rather cites the 2018 ATSDR Draft Toxicological Profile for
Perfluoroalkyls as the sole reference for these potential associations. It is important to
recognize that the 2018 ATSDR Toxicological Profile remains a DRAFT document. It is not cited
as such within the written text of the Health Consultation (only cited as a draft in the
reference citation). This results in a misleading characterization of the ATSDR 2018 reference
to the reader of the text as a final document. It is not. The commenter recommends citations
to the draft ATSDR 2018 Toxicological Profile be written in the text as “draft ATSDR 2018”.
The draft state of the ATSDR 2018 Toxicological Profile is important because, in August 2018,
ATSDR received, at its request, over 60 public comments from various stakeholders (including
from the commenter) during the public comment period. To date, ATSDR has not addressed
any of these public comments nor has it issued a revised draft or a finalized Toxicological
Profile. In addition, many studies have been published since the release of the draft 2018
ATSDR Toxicological Profile that this ATSDR Health Consultation should consider when
discussing the potential health effects of PFAS exposure.
For those reasons and the reasons described further below, the commenter disagrees with
much of the ATSDR Health Consultation’s interpretation of the epidemiologic and toxicologic
research pertaining to the five health outcomes on which the Health Consultation focuses (see
attachment to this response to comments for health outcome specific comments from this
reviewer).
RESPONSE: The draft Toxicological Profile has gone through three external peer-review and
three public comment periods. ATSDR has addressed all of the comments received and made
changes as needed. The PFAS Toxicological Profile was finalized in May 2021; public comments
received as well as ATSDR’s responses were finalized and are available in the public docket as
well. Responses to concerns regarding the five health outcomes that ATSDR has determined are
associated with PFAS exposures are provided below after each specific health outcome.
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Increased cholesterol levels
Although several observational epidemiological studies have reported an association
between PFOA exposure and increased cholesterol levels, these findings are inconsistent with
experimental studies which have observed decreased cholesterol levels with markedly higher
PFOA concentrations. These experimental studies now include a Phase 1 clinical trial in
humans (Convertino et al. 2018) and a transgenic mouse model that mimics human
lipoprotein metabolism (Pouwer et al. 2019). A primate study on PFOS (Chang et al. 2017),
not included in the draft ATSDR Toxicological Profile (2018), also presents observations
inconsistent with the assertion that PFOS would result in increased cholesterol levels.
Summaries of these three studies are presented immediately below.
• Convertino et al. (2018) was a phase 1 dose-escalation study, conducted by oncologists
in Scotland, that assessed the chemotherapeutic potential of ammonium
perfluorooctanoate (APFO) in forty-nine primarily solid-tumor cancer patients who had
failed standard therapy. The study participants received weekly APFO doses (50– 1200
mg) for 6 weeks. The main limitation of the study was that it included cancer patients
who had failed conventional treatments and whose metabolic activity may have
differed from healthy individuals. However, according to Convertino et al., there was
no evidence that any of the cancers involved or treatments received prior to the study
had systematic effects of the metabolic function studied. Baseline values prior to PFOA
treatment were also recorded to determine measurable differences over the course of
treatment. No more than one subject showed dose limiting toxicity at any dose;
therefore, the protocol-defined maximum tolerated dose was not reached. Standard
clinical chemistries were assessed including total cholesterol, LDL, HDL, ALT and other
liver enzymes as well as liver function (e.g., prothrombin time), TSH and free thyroxine,
creatine and uric acid. There was strong evidence that showed PFOA concentrations
were associated with a reduction of total cholesterol as there was a clear transition in
shape and range of the probability distribution functions for a decrease in total
cholesterol. The reduction of total cholesterol was with the LDL cholesterol, not the
HDL fraction. This transition occurred approximately between 175,000 and 230,00
ng/mL PFOA which are concentrations several orders of magnitude higher than
reported in the general population, communities exposed through drinking water such
as the mid-Ohio River Valley community, or occupational workers. The findings at
these high concentrations are, in fact, contrary to the positive association between
considerably much lower PFOA and total cholesterol observed in epidemiological
cross-sectional studies.
•

Pouwer et al. (2019) used a genetically engineered APOE*3-Lieden.CETP mouse model
that mimics human lipoprotein metabolism and confirmed the lipid lowering high-dose
PFOA findings from the phase 1 clinical trial in humans (Convertino et al. 2018). This
mouse model is designed to assess cholesterol ester transfer protein (CETP) expression
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and a delayed apolipoprotein B (apoB) clearance. CETP is responsible in both humans
and in this mouse model for the transfer of cholesterol ester from HDL to the apoBcontaining lipoproteins in exchange for triglyceride. In three different experiments
lasting 4 to 6 weeks, Pouwer et al. fed these mice a Western-type diet that had four
doses of PFOA (control, 10 ng/g/d, 300 ng/g/d, and 30,000 ng/g/d) that resulted in
plasma PFOA concentrations of approximately < 1.0 ng/mL, 50 ng/mL, 1500 ng/mL,
and 90,000 – 144,000 ng/mL, respectively. These four resulting plasma concentrations
reflect, in increasing order, general population, environmental, occupational, and
toxicological exposures. Also reported at this high dose group in the Pouwer et al.
study were increased liver weight and elevated ALT. The plasma lipid change at the
high dose was explained through a decrease in very low-density lipoprotein (VLDL)
production and increased VLDL clearance by the liver via increased lipoprotein lipase
activity. The increase in HDL was mediated by a decrease CETP and changes in protein
expression involving HDL metabolism. This APOE*3-Leiden.CETP mouse model has
considerably higher concentrations of CETP than what is found in humans.
•

Chang et al. (2017) undertook a six-month oral dose study with PFOS administered to
male and female cynomolgus monkeys, with scheduled clinical assessments through 1
year, in order to evaluate markers for coagulation, lipids, hepatic, renal, electrolytes,
and thyroid-related hormones. There was a time-matched control group as well as 4
weeks of baseline values for the dosed groups. The low dose group (n = 6/sex) received
1 single K+PFOS dose (9 mg/kg) with the highest mean serum concentration measured
at 68000 ng/mL. The high-dose group (n = 4-6/sex) received 3 separate doses (11 –
17.2 mg/kg) during the six-month treatment phase with the highest mean serum
concentration measured at 165000 ng/mL. Liver needle biopsies performed two
months after completion of the study showed the highest mean liver PFOS
concentrations at 112000 ng/g. At the end of the study, all the animals were
considered healthy, had gained weight, and were released back to the colony.
Throughout the entire study, there were no K+PFOS treatment-related changes in
serum liver enzymes, serum BUN or creatinine. There was a decrease in serum total
thyroxine without a concomitant change in in the clinically-relevant TSH and free T4.
Authors considered the decreased total thyroxine observed was likely due to
competitive displacement by PFOS with thyroxine and its subsequent increased
metabolism and elimination. The most notable observation in this study was after
treatment serum total cholesterol decreased by approximately 4–12% at 1 and 3
weeks post-dose when compared with mean time-matched control or baseline values.
The reduction in cholesterol was used to determine a lower-bound fifth percentile
benchmark concentration (BMCL1SD) of 74000 and 76000 ng/mL in male and female
monkeys, respectively.
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Additionally, as mentioned above, new studies have been published since the ASTDR draft
Toxicological Profile was released in 2018. While the following comments do not provide a
comprehensive overview of papers published post-ATSDR’s draft Toxicological Profile (2018),
the commenter highlights the study below to illustrate the point that individual studies must
be carefully evaluated.
Li et al. (2020) studied associations between the perfluoroalkyls PFOS and PFHxS (and to a
lesser degree PFOA) and serum lipids in Ronneby, Sweden, where one of two waterworks had
been contaminated from aqueous film forming foams (AFFF). The original exposure occurred
sometime after the mid-1980s and ceased in 2013 when a GAC filter was installed. Three
populations were reported: 1) a control population (N =130) in a neighboring community that
had not been exposed; 2) a recently exposed population (N = 1160) who lived in Ronneby
anytime between 2005 to 2013; and 3) a non-recent/uncertain exposure group (N = 655) who
lived in the contaminated waterworks distribution area in Ronneby before 2005 but not after
as well as participants who lived in the non-contaminated waterworks area in Ronneby
anytime between 1985 to 2013. All participants were between 20 and 60 years of age.
Median serum concentrations (ng/mL) for the control, non-recent/uncertain, and recently
exposure groups were, respectively: PFOS 4.8, 45, 240; PFHxS 0.98 40, 210; and PFOA 1.6, 3.5,
13. Comparing the control to total (combined) exposure group revealed a significant increase
in total and LDL cholesterol but not HDL, triglycerides or the total/HDL ratio.
Analyzing each separately, the strongest positive lipid associations were reported for the
recently exposed. Even among the controls, there were modest associations with PFOS and
PFHxS. Similar to Steenland et al. (2009), decile analyses suggested the strongest associations
(slopes) were observed at the lowest concentrations (up to about the 40th percentile). The
recently exposed group had the largest odds ratio for high cholesterol. Li et al. concluded that
their findings provided evidence of a causal association between PFAS, including PFHxS, and
serum lipids as their results were not necessarily confounded by the reabsorption of bile acids
and the categorization levels of serum PFAS. However, Li et al. acknowledged some important
limitations including another cross-sectional study design reported in the literature, disparate
socioeconomic status (SES) differences between the exposed and control populations (the
latter having the higher SES), the lack of information on cholesterol lowering medications,
and unknown dietary habits of the population. Also, there was a preference by the authors to
cite literature that supported their position of a causal association. For example, Li et al.
stated that humans may be less active than the rodent to the lipid lowering effects of PPARα,
but neither the Pouwer et al. nor Convertino et al. studies were mentioned in the Li et al.
paper. Li et al. also cited Fletcher et al. 2013 that had promoted the idea of a
“hypercholesterolemic environment” with PFOA through its effect on the expression of genes
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involved in human cholesterol transport and metabolism (Fletcher et al. 2013) yet they chose
not to cite the evidence presented against the Fletcher et al. hypothesis as published by
Vanden Heuval (2013).
It is also worth noting that, in 2018, the EFSA Scientific Panel on Contaminants in the Food
Chain (CONTAM Panel) released a provisional tolerable weekly intake (TWI) for PFOA and
PFOS based on cross-sectional epidemiological studies that reported positive associations
between serum cholesterol and PFOA/PFOS (Knutsen et al. 2018). However, after careful
consideration of the experimental evidence, the EFSA CONTAM Panel (2020, see
https://www.efsa.europa.eu/en/consultations/call/public-consultation-draft-scientificopinion-risks-human-health ) has acknowledged the uncertainty regarding its cholesterol
assessment to be larger than what was assumed in 2018. Specifically, on page 148 of the
draft EFSA CONTAM Panel Opinion (2020), EFSA stated:
“In the previous opinion (EFSA CONTAM Panel, 2018), the CONTAM Panel used the
effects on serum cholesterol levels to derive TWIs for both PFOS and PFOA. Those TWIs
were also protecting towards the other potential critical endpoints. Although the
association with increased cholesterol was observed in a large number of studies, the
CONTAM Panel now considers the uncertainty regarding causality larger. This is
primarily due to a postulated biological process around the enterohepatic cycling of
both PFASs and bile acids, the latter affecting serum cholesterol levels.”
In conclusion, the experimental evidence discussed above suggests a decrease in cholesterol
with high concentrations of PFOA in humans and humanized mice. The low dose associations
between cholesterol and PFOA/PFOS noted in certain observational epidemiologic studies are
likely due to yet-to-be-discovered mode of actions or unaccounted confounding factors. The
commenter encourages the authors of this ATSDR Health Consultation to review the most
recent paper published on the alternative explanation that involves the interaction of
cholesterol, PFAS, and bile acids (Salihovic et al. 2019).
RESPONSE: The Convertino et al. (2018) study was published after the literature search for the
updated toxicological profile was conducted (May 2016); the results of the Convertino et al.
(2018) study were added to the profile. ATSDR considers the results of this study supportive of
its suggestion that the dose-response curve may be biphasic, since the decreasing serum
cholesterol levels in the Convertino et al. (2018) study were associated with very high serum
PFOA levels (similar to those observed in animal studies). Moreover, the Agency agrees with
Convertino’s statement that plausible biologic modes of action that support positive
associations between serum PFOA levels and cholesterol levels at low serum PFOA levels and
inverse associations at higher serum PFOA levels. Thus, increased environmental exposures
could increase serum cholesterol, which is a risk factor for cardiovascular disease.
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The Chang et al. (2017) study was also added to the profile. ATSDR characterized this study as
an acute-duration study since the monkeys were dosed only 1 or 3 times. The results of the
study did not impact the intermediate-duration MRL because it was an acute-duration study
and did not examine sensitive endpoints observed in rodents such as developmental toxicity or
immunotoxicity.
ATSDR’s determination of an association between PFOS exposure and increases in serum lipids
is based on a number of epidemiological studies. Findings from PFOA epidemiological studies
suggest that the relationship between serum PFOA and serum cholesterol might be U-shaped
with lower serum PFOA levels resulting in increases in serum cholesterol levels and higher
serum PFOA levels associated with decreasing serum cholesterol levels. There are limited data
to make a similar assessment for PFOS.
ATSDR disagrees that there is insufficient evidence to conclude an association between serum
PFOS and serum lipids and considers the epidemiological data suggestive of an association.
Moreover, a recent review of the PFOA findings from the C8 Science Panel by Steenland et al.
(2020) concluded that there is consistent evidence of a positive association between PFOA and
increased cholesterol, but no evidence of an association with heart disease (which ATSDR did
not include in the list of possible PFAS-related health outcomes). Any study that was released
after the literature review for the 2021 PFAS Toxicological Profile will be reviewed for possible
inclusion in future updates to the profile.
Changes in liver enzymes
The commenter refers the authors of this Health Consultation to the commenter’s detailed
public comments to the draft ATSDR Toxicological Profile regarding liver enzymes and liver
disease that were submitted in August 2018. The commenter also refers to a conclusion of the
C8 Science Panel statement in 2012 on liver enzymes as they interpreted their own research
(http://www.c8sciencepanel.org/pdfs/Probable_Link_C8_Liver_29Oct2012.pdf ).
“From our studies of patterns of diagnosed liver disease there is no evidence of any
increased risk of liver disease in relation to PFOA exposure. Based on our studies of
liver enzymes and inconsistent findings in reported literature there is some evidence of
small shifts in liver function, mainly within the normal physiologic range, being
associated with increasing PFOA exposure. It is uncertain if PFOA is the cause of the
association, but if so there is no evidence that this is reflected in any increase in overall
incidence of diagnosed liver disease. Therefore, the Science Panel does not find a
probable link between exposure to PFOA and liver disease.”
Furthermore, this line of reasoning by the C8 Science Panel is in agreement with the draft
2018 ATSDR Toxicological Profile (see page 24) which stated,
“It should be noted that although the data may provide strong evidence of an
association, it does not imply that the observed effect is biologically relevant because
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the magnitude of the chance may be within the normal limits or not indicative of an
adverse health outcome.”
In sum, the commenter is unaware of an association between PFOA or PFOS with human liver
disease including enlarged liver, fatty liver, or cirrhosis. This should be included in the bullet
point regarding liver enzymes. Small percentage changes in ALT have been reported, albeit
inconsistently in epidemiology studies across vastly different perfluoroalkyl concentrations
but are within normal physiological ranges. This small magnitude of change, if it is even
present, does not indicate liver damage by any standard clinical practice of medicine.
Confounding cannot be ruled out as a possible explanation for this observation due to the
many factors that can influence ALT. Thus, there is insufficient evidence of an association with
ALT.
RESPONSE: ATSDR agrees with the comment that the available community, occupational, and
epidemiological data do not support an association between PFOA or PFOS exposure and an
increased risk of liver disease. Nowhere in the public comment version of the health
consultation does ATSDR suggest that PFAS are associated with liver damage based on human
studies.
Although there are limitations to interpreting the serum enzyme data, ATSDR stills considers
the data suggestive of an association with PFAS exposure. It is noted that associations were
found in the studies that adjusted for a number of potential confounders. For example, Gallo et
al. (2012) adjusted for age, physical activity, body mass index (BMI), average household income,
educational level, race, alcohol consumption, and cigarette smoking and found significant
correlations between serum PFOA and alanine aminotransferase (ALT) levels. The study also
found an increased risk of elevated ALT levels (≥45 IU/L in men and 34 IU/L in women) in
participants with serum PFOA levels in the third decile or higher. ATSDR’s interpretation of the
current human data suggest that some PFAS are associated with:
•
•

Increase in serum hepatic enzymes, particularly ALT, and decreases in serum bilirubin
levels (PFOA, PFOS, PFHxS);
Increase in serum enzymes and decreases in serum bilirubin, observed in studies of
PFOA, PFOS, and PFHxS, are suggestive of liver alterations; and,

The recent review of the PFOA findings from the C8 Science Panel by Steenland et al. (2020)
concluded that there is evidence of an association with liver enzymes, but not with liver
disease. Any study that was released after the literature review for the 2021 PFAS Toxicological
Profile will be reviewed for possible inclusion in future updates to the profile.
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Decreased vaccine response in children
Excluding the very recently published results from Abraham et al. (2020) due to their failure to
provide confidence intervals, there have been 11 studies that have examined vaccine
antibody response with exposure to PFOS and PFOA (see the table below).
Percent change to tetanus antibody or diphtheria antibody per increase in PFOS or PFOA have
been the outcomes most reported.
Vaccine type
Number of studies
Reference(s)
Tetanus

6

Grandjean et al. (2012); Grandjean et al.
(2017a); Grandjean et al. (2017b);
Granum et al. (2013); Kielsen et al.
(2016); Mogenson et al. (2015)

Diphtheria

5

Grandjean et al. (2012); Grandjean et al.
(2017a); Grandjean et al. (2017b);
Granum et al. (2013); Mogenson et al.
(2015)

Rubella

3

Granum et al. (2013); Pilkerton et al.
(2018); Stein et al. (2016b)

Measles

2

Granum et al. (2013); Stein et al. (2016b)

Influenza A (H1N1)

2

Looker et al. (2014); Stein et al. (2016a)

Influenza B

1

Looker et al. (2014)

Haemophilus influenza
type b

1

Granum et al. (2013)

Influenza A (H1N2)

1

Looker et al. (2014)

Mumps

1

Stein et al. (2016b)

Enterovirus (EV71)

1

Zeng et al. (2019)

Coxsackievirus (CA16)
1
Zeng et al. (2019)
Based on the forest plots below, there appears to be inconsistent evidence to suggest an
association with reduced tetanus antibody response for either PFOS or PFOA (Figure 1A and
Figure 1B). There is imprecise evidence suggestive of an association between decreased
diphtheria antibody response and increased serum concentrations of PFOS or PFOA (Figure 2A
and Figure 2B).

Figure 1A:

Figure 1B:
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Figure 2A:

Figure 2B:

Commercially available vaccines differ depending on the nature of the vaccine antigen.
Tetanus and diphtheria, for example, are toxoid vaccines whereas measles, mumps and
rubella are live attenuated vaccines. Influenza vaccines are inactivated (killed), conjugate or
live attenuated depending on the strain and method of administration (e.g., intranasal,
injectable). Consequently, each vaccine type elicits an immune response through various
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molecular and cellular mechanisms of the immune system. Additionally, all vaccines contain
various excipients including adjuvants to improve the antibody response, preservatives,
stabilizers, and vehicles for delivering the vaccine which may differ substantially depending
on the vaccine (Baxter 2007).
Given the minimum evidence of increased infectious disease susceptibility, it is questionable
whether the imprecise decreases in antibody response, as seen in Figures 2A and 2B for
diphtheria, are clinically relevant for this disease. Examination of the WHO incidence time
series data between 1995 and 2017 indicates very few cases diagnosed in the United States
during this time period, likely due to the consequence of the high prevalence of vaccinations
(https://apps.who.int/immunization_monitoring/globalsummary/incidences?c=USA ). During
a similar interval of time (2000 – 2016) since the announced phase-out of perfluorooctanyl
chemistry by the commneter and the US EPA PFOA Product Stewardship program, PFOS and
PFOA concentrations have declined in the general population by approximately 80 and 70
percent, respectively (CDC NHANES 2019; Olsen et al. 2017).
It is worth noting that PFOS and PFOA have high degrees of binding affinity with serum
albumin proteins, therefore, there might be a potential interference between these
compounds and the ELISA assay components used to determine serum antibody titers, which
normally consist of protein-based buffers and diluents. We are currently unaware of any
research that has examined this question.
RESPONSE: The altered responses to different vaccines were considered to collectively suggest
an association with serum PFAS levels. ATSDR does not consider the available human data for
infectious disease sufficient to assess whether there is an association with serum PFAS levels.
ATSDR only suggests an association with antibody responses to vaccines and does not make a
general assessment regarding immune function. ATSDR also notes that NTP (2016) concluded
that there is a moderate level of evidence from studies in humans that PFOA and PFOS suppress
the antibody response.
As discussed in NTP’s (2016) systematic review of immunotoxicity associated with exposure to
PFOA, there are limited laboratory animal data on antigen-specific IgG antibody response.
DeWitt et al. (2008) reported an increase in IgG response to sRBC at mid-dose levels, but not at
the higher dose. Yang et al. (2002) reported increases in the primary IgG response to horse red
blood cells. The DeWitt et al. (2016) study did not measure IgG response.
ATSDR notes that its statements that the epidemiological data suggest that there is an
association between PFOA exposure and altered response to vaccines statement and that
laboratory animal data suggest that immunotoxicity is a sensitive endpoint are supported by
the NTP (2016) statements that “there is moderate confidence that exposure to PFOA is
associated with suppression of the antibody response in humans based on the available
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studies” and that “there is high confidence that exposure to PFOA is associated with
suppression of the antibody response in animals based on consistent suppression of the
primary antibody response in experimental studies in mice.”
Finally, for PFOA, the recent review of the PFOA findings from the C8 Science Panel by
Steenland et al. (2020) concluded that there is evidence that PFOA is associated with immune
response, but uneven evidence for an association with infectious disease.
Although there are inconsistencies in the epidemiological data, ATSDR considers the data to be
suggestive of an association between serum PFOS and decreased response to antibodies.
Immune effects have been observed in laboratory animals in the absence of overt signs of
toxicity such as decreases in body weight.
It is also noted that in its systematic review of immunotoxicity associated with exposure to
PFOS, NTP (2016) concluded that “there is moderate confidence that exposure to PFOS is
associated with suppression of the antibody response in humans based on the available studies.
The results present a consistent pattern of findings that higher prenatal, childhood, and adult
serum concentrations of PFOS were associated with suppression in at least one measure of the
anti-vaccine antibody response to common vaccines across multiple studies.”
In general, the epidemiological studies identify the immune system as a target of PFAS toxicity.
The strongest evidence of the immunotoxicity of PFAS in humans comes from epidemiological
studies finding associations evaluating the antibody response to vaccines. Associations have
been found for PFOA, PFOS, PFHxS, and PFDA. There is also some limited evidence for
decreased antibody response for PFNA, PFUnA, and PFDoDA, although many of the studies did
not find associations for these compounds. Any study that was released after the literature
review for the 2021 Final PFAS Toxicological Profile will be reviewed for possible inclusion in
future updates to the profile.
Increased risk of high blood pressure or pre-eclampsia in pregnant women
There is insufficient evidence of an association between PFOA (or any other PFAS) exposure
and pregnancy-induced hypertension or pre-eclampsia in pregnant women. Four studies from
the mid-Ohio River Valley community studied the association between PFOA exposure and
pregnancy-induced hypertension, and they have reported mixed results. Two of these studies
(Nolan et al. 2010 and Savitz et al. 2012) showed no associations. The third study by Stein et
al. (2009) described modest associations (although not statistically significant) between
preeclampsia and exposure to PFOA and PFOS. The fourth study, Darrow et al. (2013), showed
significant positive associations with pregnancy-induced hypertension and exposure to PFOA
and PFOS but when categorized by quintiles such associations did not increase monotonically
(in other words, effects were not shown to increase continuously as serum levels increased).
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The draft 2018 ATSDR Toxicological Profile essentially relied on the inconsistent findings from
the C8 Science Panel reports to arrive at this conclusion with PFOA when this exposure was
estimated through historic exposure modelling for pregnancies in this mid-Ohio River Valley
community. The draft 2018 ATSDR Toxicological Profile did cite the one major Norwegian
population where PFOA or PFOS were actually measured in mid-gestation (Starling 2014).
This study did not confirm an association with pre-eclampsia. Actual measurements during
the course of pregnancy were not done in the C8 Science Panel studies.
Not stated in this ATSDR Health Consultation is the fact that in the last two years there have
been six papers published examining this association with measured PFOA or PFOS involving 6
other sets of investigators using different populations: five papers have essentially not
reported associations between measured (not modelled) PFOA/PFOS and pregnancy-induced
hypertension or preeclampsia (Bangma et al. 2020; Borghese et al. 2020; Huang et al. 2019;
Rylander et al. 2020; Souza et al. 2020) and one report showed a statistical association for
PFOS but not for PFOA (Wikström et al. 2019). This ATSDR Health Consultation should take
into consideration the more recently available literature that has been published since the
draft ATSDR Toxicological Profile to more fully comprehend the inconsistent evidence that
exists in the literature on pregnancy-induced hypertension or pre-eclampsia with exposure to
PFOA or PFOS.
RESPONSE: Several studies have evaluated the possible associations between serum PFAS and
pregnancy-induced hypertension and pre-eclampsia. Pregnancy-induced hypertension, also
referred to as gestational hypertension, is the onset of hypertension after the 20th week of
pregnancy and pre-eclampsia is pregnancy-induced hypertension accompanied signs of damage
to another organ system, often elevated levels of protein in the urine.
ATSDR acknowledges there are limitations to interpreting the results of the studies examining
pregnancy-induced hypertension and/or pre-eclampsia which include inconsistencies in the
results, uncertain exposure estimates, misreporting the disease, some studies reliance on selfreported diseases, and a limited number of examined populations. However, the Agency
concluded that, overall, the data suggest an association between PFOA and PFOS exposure and
an increased risk of pregnancy-induced hypertension/pre-eclampsia. Any study that was
released after the literature review for the 2021 Final PFAS Toxicological Profile was completed
will be reviewed for possible inclusion in future updates to the profile.
Small decreases in infant birth weight
The ATSDR Health Consultation’s assertion that high levels of certain PFAS may lead to small
decreases in infant birth weight is not supported by the scientific evidence. Most
epidemiologic studies have centered on the association between measured maternal (or cord
blood) PFOA and PFOS concentrations and lower birthweight. The epidemiological association
for decreases in birthweight has been demonstrated to be the result of confounding or
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reverse causation by maternal glomerular filtration rate (GFR). The following brief comments
focus on this reported association and why it is clearly not supported by the scientific
evidence. Given the amount of published PFAS literature, the draft ATSDR 2018 Toxicological
Profile is already out-of-date. Below is a brief review of some of the research on PFOA and
PFOS impacts on infant birth weight. In particular, the Health Consultation should review the
two most recent publications on infant birth weight and PFOA (Steenland et al. 2019) and
PFOS (Dzierlenga et al. 2020).
• Johnson et al. (2014) originally concluded in their meta-analysis of epidemiology
studies that there was an association between measured maternal (or cord blood)
PFOA concentrations and lower birthweight. This analysis, however, did not directly
consider the possibility of confounding by the maternal GFR.
• Several months later, Verner et al. (2015) reported findings from their PBPK
model/Monte Carlo simulation models and a meta-analysis of a similar collection of
epidemiologic studies. The work by Verner et al. was based on a study by Morken et
al. (2014) who observed an association between GFR and fetal growth which meant
that GFR could potentially confound an association between fetal growth and
measured PFOA or PFOS concentrations. Indeed, Verner et al. (2015) found such
confounding by the GFR as it biased upwards, up to 50 percent, in their modeling
efforts of the association between fetal growth and measured maternal PFOA or PFOS
concentrations. Furthermore, the authors reported that confounding by GFR was
observed only in the second and third trimesters, not the first trimester, likely because
the effect of GFR would be subsequent to the well-known plasma volume expansion
that occurs during the first trimester.
• Another meta-analysis was subsequently published by Negri et al. (2017) which
expanded to 16 epidemiologic studies. Based on their sensitivity analyses, there were
stronger associations from studies conducted in Asia and significant heterogeneity
was observed when the measurement of PFOS was done later in the pregnancy or
using cord blood. The latter is consistent with the simulation PBPK modelling done by
Verner et al. (2015) as it relates to the potential confounding influence of maternal
GFR with the timing of when PFOS is measured during pregnancy. Negri et al. also
concluded that the animal data showed similar dose-response trends, but the effective
serum concentrations in rodents were 100 to 1000 times higher than in humans based
on the epidemiological evidence. This led Negri et al. to increase their degree of
uncertainty as to the biological plausibility of a causal relationship between PFAS
exposure and lower birthweight in humans. This doubt led these authors to suggest
there might be some, not yet identified, confounding factors that lead to this spurious
association of lower birth weight and perfluoroalkyl measurements in humans.
• Steenland et al. (2018) recognized the distinction in timing of when the PFOA maternal
measurement was made based on the findings from the Verner et al. (2015) study.
They also elaborated upon the Negri et al. (2017) study by conducting a meta-analysis
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•

of 24 epidemiologic studies. They stratified their results as to whether the maternal
PFOA concentration was measured in the first or the combined second and third
trimesters. When maternal PFOA was measured during the first trimester, Steenland
et al. (2018) reported a -3.3 gram (95% CI -9.6, 3.0) reduction in birthweight per ng/mL
PFOA. When PFOA was measured during second/third trimester, there was a -17.8
gram reduction (95 CI -25.0, -10.6) in birthweight per ng/mL PFOA. Steenland et al.
(2018) concluded “restriction to studies with blood sampling conducted early in
pregnancy or shortly before conception showed little or no association such that these
results are consistent with confounding and /or reverse causation being responsible
for the inverse association seen in studies with low background exposure levels and
blood sampling conducted later in pregnancy, when confounding and/or reverse
causality are likely to be more important.”
A very recent (June 2020) published meta-analysis on PFOS and birthweight by
Dzierlenga et al. (2020) is consistent with the conclusion offered by Steenland et al. on
PFOA and birthweight. Dzierlenga et al. conducted a meta-analysis of 29 published
studies and reported the random effects summary was −3.22 g/ng/ml PFOS (95%
confidence interval [CI] = −5.11, −1.33). In a subgroup analysis stratified by when in
pregnancy the PFOS concentration was measured, the summary for the early group
was −1.35 (95% CI = −2.33, −0.37) and for the latter group was −7.17 g/ng/ml (95% CI =
−10.93, −3.41). In a meta-regression model including a term for timing of blood draw,
the intercept was slightly positive but essentially zero (0.59 g/ng/ml, 95% CI = −1.94,
3.11). In other words, the model indicated that when blood was drawn at the very
beginning of pregnancy, there was no relation of birth weight to PFOS. Similar to Negri
et al. 2017, Dzierlenga et al. also reported a stronger inverse association in Asian
studies that they could not completely explain by their blood draws being from later in
pregnancy. Dzierlenga et al. concluded the evidence was weakly or not supportive of a
causal association between birthweight and PFOS.

In conclusion, the essential message from the multiple meta-analyses that have now been
conducted, to date, indicate physiological aspects of pregnancy, including plasma volume
expansion, GFR, and the timing when the maternal PFAS measurement was made during
gestation, are critical points to evaluate. The association between birthweight (few gram
reduction) and maternal serum PFOA and PFOS is likely not causal, but rather consistent with
confounding and/or reverse causation via increased maternal GFR as a consequence of
plasma volume expansion during first trimester.
RESPONSE: Concerning PFOA and birth weight, Steenland et al. (2018) state that “present
human evidence provides only modest support for decreased birthweight with increasing
PFOA.” They do not say that there is no evidence. Steenland et al. go on to say that “…studies
with blood sampled early in pregnancy, showed little or no association of PFOA with
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birthweight. These are studies in which confounding and reverse causality would be of less
concern.” The concern with this statement is that although this evidence—blood sampled early
in pregnancy showing little effect on birth weight—is consistent with reverse causation because
of pregnancy hemodynamics, it is also true that for exposures to air pollutants, solvents, and
disinfection byproducts, (to name only a few chemical exposures where the following is the
case), the impact on birth weight is most often seen from second and third trimester exposures,
not early in pregnancy. So, the evidence that early PFOA blood measurements have little effect
on birth weight is also consistent with findings for other chemical exposures; that is, the impact
is greater for exposures measured later in pregnancy. Dzierlenga et al. (2020) found that “in a
subgroup analysis stratified by when in pregnancy the PFOS concentration was measured, the
summary for the early group (pre-pregnancy, 1st and 2nd trimester) was −1.35 (−2.33, −0.37) and
for the later group (2nd and 3rd trimester cord blood) was −7.17 (−10.93, −3.41). When blood
was drawn at the very beginning of pregnancy, there was essentially no relationship of birth
weight to PFOS concentration.” The simulations in Verner et al. (2015) produced similar
findings. The conclusion in the Verner et al. (2015) paper is that pregnancy hemodynamics may
account for some (not clear how much) but not all the effect of PFOA and PFOS on birth weight.
So, the question is whether the evidence is consistent with reverse causation/confounding by
eGFR (due to pregnancy hemodynamics) or consistent with what happens with other chemical
exposures (i.e., the impact occurs with later in pregnancy exposures) or both. ATSDR is not
aware of any studies that measure both eGFR and serum PFAS later in pregnancy and birth
weight. Such studies might, more definitively, answer this question. Until further evidence is
forthcoming, ATSDR believes that it is safe to say that the evidence for an effect of PFOA and
PFOS on birth weight is modest.
Second, before claiming that confounding (or reverse causation) exists, it is important to
provide evidence that the risk factor doing the confounding is actually a risk factor for birth
weight and if so, the magnitude of the effect of the risk factor. If the risk factor has only slight
or moderate effects on birth weight, it would require an extremely strong association with PFAS
to have appreciable confounding/reverse causation impact. ATSDR’s review of the evidence so
far did not identify much impact of eGFR on birth weight unless the woman has preeclampsia.
For women without preeclampsia, there seems to be little if any evidence for an impact of eGFR
on birth weight (regression coefficient = 0.2 grams), and even including women with
preeclampsia, the partial correlation was a small, r= 0.07 [Morken et al. 2014]. This finding is
contrary to what is stated (and used) in the Verner et al. (2015) study. If there is confounding or
reverse causation, it appears to be rather minimal so far. A study by Sagiv et al. (2018) saw no
evidence of reverse causation or confounding, but the study measured PFAS and eGFR early in
pregnancy. Moreover, the effect of eGFR on PFAS serum levels would be slightly early in
pregnancy as would the effect of PFAS measured early in pregnancy on birth weight if PFAS
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exposure (like other chemical exposures) impacts birth weight mostly when exposures are
measured later in pregnancy.
Third, there is some evidence that parity and sex of the child modify the effect of PFAS on birth
weight. Why this happens is not understood (see for example, Kashino et al. Environ Int 2020,
March 136:105355). But this effect modification should not be ignored and provides additional
evidence for a PFAS effect on birth weight for vulnerable subpopulations.
ATSDR has different interpretation of the available data that suggest no association between
serum PFOA/PFOS and birth weight but acknowledges that there is some uncertainty.
Comment: (5.1.2 Cancer Health Effects) Based on a weight-of-evidence approach to evaluate
epidemiologic studies, the draft 2018 ATSDR Toxicological Profile did not list cancer as a
potential health effect associated with perfluoroalkyl exposure (ATSDR 2018), but cited both
IARC (2017) and EPA (2016a; 2016b) conclusions of the carcinogenic potential of PFOA and
PFOS.
“The International Agency for Research on Cancer (IARC 2017) concluded that PFOA is
possibly carcinogenic to humans (Group 2B) and EPA (2016e, 2016f) concluded that
there was suggestive evidence of the carcinogenic potential of PFOA and PFOS in
humans. Increases in testicular and kidney cancer have been observed in highly
exposed humans.”
It is important to note that IARC considered PFOA to be a ‘possible’ human carcinogen based,
in part, on limited epidemiologic evidence on testicular and kidney cancer but could not rule
out chance, bias or confounding with reasonable confidence in its evaluation of the literature
(Benbrahin-Tallaa 2014).
RESPONSE: As a general rule, ATSDR relies on the other agencies’ determination of
carcinogenicity. ATSDR’s current language in this health consultation includes the correct
designation by IARC that PFOA is a possible human carcinogen. Moreover, in their review of the
available epidemiology data, IARC (2017) concluded that the evidence for testicular cancer was
“considered credible and unlikely to be explained by bias and confounding, however, the
estimate was based on small numbers.” Similarly, IARC (2017) concluded that the evidence for
kidney cancer was also credible but noted that chance, bias, and confounding could not be
ruled out with reasonable confidence. They considered that there was limited evidence in
humans for the carcinogenicity of PFOA. See additional comments below regarding the
association of PFOA and kidney and prostate cancers and the current knowledge of the
association of PFOS with bladder cancer in human studies and the possible association of PFOS
with liver, thyroid, and mammary tumors from animal studies.
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Kidney cancer
Steenland and Woskie (2012), a DuPont worker cohort mortality study, is often cited as
evidence of an association with kidney cancer; however, Steenland and Woskie only
examined kidney cancer mortality – not kidney cancer incidence. PFOA (ammonium salt) was
used as a processing aid in the polymerization of tetrafluoroethlyene (TFE) to make
polytetrafluoroethylene (PTFE). TFE is a known renal carcinogen in rats. Steenland and
Woskie did not consider the potential confounding exposure of tetrafluoroethylene (TFE) at
this DuPont West Virginia plant due to the explosive nature of TFE. ATSDR needs to
appreciate the fact that the lower explosion limit for TFE is 110,000 ppm (ACGIH 2001; Olsen
2015). The 8-hour time weighted average for worker exposure to TFE is 2 ppm. Thus, TFE
exposure would have occurred at the DuPont plant but considerably below the lower
explosion limit. Therefore, the confounding effect of TFE exposure was not considered by
Steenland and Woskie (2012) yet it should have been. ATSDR should be aware of Consonni et
al. (2013), who concluded they could not “disentangle’ the association between TFE and PFOA
in their multiple cohort mortality study of TFE exposures (which included the DuPont West
Virginia plant). A study by Barry et al. (2013) did not find an association with kidney cancer
incidence in a subset of DuPont workers from the C8 Science Panel community worker cohort
study. The studies by Leonard et al. (2006; 2008) are the same kidney cancer deaths as
discussed in Steenland and Woskie (2012) as both studies discuss 12 male kidney cancer
deaths. The Leonard et al. study did not report kidney cancer incidence cases. Raleigh et al.
(2014) studied both kidney cancer mortality and incidence at the 3M Cottage Grove PFOA
manufacturing plant that had near absence of exposure to TFE (unlike the DuPont worker
population) yet reported some of the highest exposures to PFOA. Raleigh et al. did not see an
increase in kidney cancer with increasing categorical exposures of PFOA.
Prostate cancer
This ATSDR Health Consultation opines that epidemiologic data suggested a “link” between
PFOA and prostate cancer. This opinion is not supported by two reviews of the epidemiology
data: 1) the lack of a “probable link” determination review for prostate cancer provided by
the C8 Science Panel
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3855514/pdf/ehp.1306615.pdf and 2) by
IARC (2017) that judged the human evidence association between PFOA and prostate cancer
to be “inadequate.” This ATSDR Health Consultation does not describe how it arrived at their
contrary opinion of the epidemiology data. None of the largest epidemiologic studies
conducted, to date, whether those with the highest PFOA occupational exposures (Steenland
and Woskie et al. 2012, Barry et al. 2013; Steenland et. al. 2015; Raleigh et al. 2014) or of an
exposed mid-Ohio River Valley community through consumption of drinking water containing
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PFOA (Barry et al. 2013) provided evidence to suggest an association exists in these studies
with prostate cancer mortality (Steenland and Woskie et al. 2012; Raleigh et al. 2014) or
incidence (Barry et a.2013; Steenland et al. 2015; Raleigh et al. 2014) with PFOA. Depending
on the study, estimates of exposure were calculated as cumulative serum μg/mL-years or
cumulative exposure μg/m3-years. The C8 Science Panel stated their strongest evidence from
their own research that led them to conclude there was not a probable link for prostate
cancer was their community worker cohort incidence study of 32,541 individuals that reported
identical 10-year lags of hazard ratio trends of 0.98 for logged estimated cumulative PFOA
serum concentration of prostate cancer risk in both the community (p = 0.58) and
occupational (p = 0.83) groups (Barry et al. 2013). Analyzing a similar subset of occupational
workers that Barry et al. observed, Steenland et al. reported a 10-year lagged trend in hazard
ratios for prostate cancer incidence quartiles (p = 0.10) but this was not seen when analyzed
as log cumulative exposure (p = 0.91). The only other possible evidence by the C8 Science
Panel was a geographical analysis of the community by Viera et al. (2013) that showed a
higher adjusted odds ratio (OR = 1.5, 95% CI 0.9, 2.5) for prostate cancer in the Ohio water
district that had the highest concentration of PFOA in the drinking water. Many of these
prostate cancer cases were included in the Barry et al. study. Higher level PSA tests were not
shown to be associated with PFOA exposure in the affected community (Ducatman et al.
2015). In a different occupational population of highly exposed PFOA manufacturing workers,
Raleigh et al. did not observe an exposure trend in quartile hazard ratios for prostate cancer
incidence (1.0 reference other non-exposed workers, 0.80, 0.85, 0.89., 1.11). A total of 461
prostate cancer cases were included in this analysis. A study in a Danish general population
study with serum concentrations orders of magnitude below the above occupational or
affected community studies reported an adjusted incidence rate ratio trend of 1.03 (95% CI
0.99, 1.07) for prostate cancer. A case-control study of a different general population with
low PFOA exposure reported an association between prostate cancer and PFOA > median
with a first degree relative (OR = 2.6, 95% CI 1.2, 6.0) that was based on 24 cases (Hardell et
al. 2014). Keeping the concept of dose response in mind, the above collective evidence clearly
does not support the conclusion in this ATSDR Health Consultation that a “link” exists
between exposure to PFOA and prostate cancer mortality or incidence.
RESPONSE: Recently, Steenland et al. (2020) reviewed the evolution of evidence on the PFOA
and health findings following the assessment of the C8 Science Panel. Below are their findings:
“Overall, we found 19 epidemiologic studies of PFOA and cancer, six of which were of
occupational cohorts (of which two were updates of the original cohorts) (see Table S1). In
2012, the Science Panel concluded that there was a probable link between PFOA and both
testicular and kidney cancers (C8 Science Panel 2012). The modest evidence that has
accumulated since that time does not generally strengthen the conclusion that PFOA is
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carcinogenic for any given site, also there is somewhat stronger evidence for kidney cancer.
Despite these caveats, we believe the evidence for an association of PFOA with testicular
cancer is suggestive overall, with two Science Panel studies, one cohort (Barry et al. 2013), one
ecological/case-control (Viera et al. 2013), having found a relatively strong positive exposure–
response for this cancer, supported by animal studies (ATSDR 2018). Testicular cancer is rare
and generally not fatal (American Cancer Society 2020), and only Science Panel studies have
reported on its relation to PFOA, limiting conclusions (Leonard et al. 2008 also reported on
testicular cancer mortality but had only 1 death). The evidence for kidney cancer, also
implicated by the Science Panel in their community (Barry et al., 2013) and worker (Steenland
and Woskie 2012) cohorts, also remains suggestive although not consistent in newer studies.
Kidney cancer was not found in a high-exposure occupational cohort of 3 M workers (Raleigh et
al. 2014) based on mortality or incidence, although the number of kidney cancers was small (16
exposed incident cases). Mastrantonio et al. (2017), in an ecologic study in the Veneto region of
Italy, comparing areas with PFOA-contaminated drinking water (as well as some other PFAS)
with areas with non-contaminated water, did not find an excess of kidney cancer overall,
although some excess among women (SMR 1.32(95% CI 1.06–1.65)). Finally, a recent
population-based case-control study by U.S. National Cancer Institute investigators, with 324
renal cancer cases and 324 individually matched controls, found a positive exposure–response
trend with renal cancer for several PFAS including PFOA, perfluorooctane sulfonic acid, and
perfluorohexane sulfonic acid. Only the association with PFOA remained apparent after
adjustment for all three chemicals (Shearer et al. 2020). It should be noted that this general
population study had much lower exposure contrasts than other studies. There is little evidence
for a relationship of PFOA with either liver or pancreatic cancer, tumors of which are associated
with PFOA in animal studies (ATSDR 2018), with the exception of an increased risk for liver
cancer, recently seen in Italian workers exposed occupationally to PFOA (Girardi and Merler,
2019). In our view there is some suggestive evidence for prostate cancer (positive Lundin et al.
2009; some suggestion Vieira et al. 2013, Hardell et al. 2014, Steenland et al. 2015; largely
negative Ericksen et al. 2009, Steenland and Woskie 2012, Barry et al., 2013), but results are
inconsistent. This inconsistent evidence has led other reviewing bodies such as IARC (IARC,
2018), ATSDR (ATSDR 2018), and EFSA (EFSA Contamination Panel 2018), to similarly conclude
the evidence for PFOA carcinogenicity remains suggestive but not conclusive.”
The bottom-line conclusion from Steenland et al. (2020) is that, for cancer, the epidemiological
evidence remains supportive but not definitive for kidney and testicular cancers. Moreover,
ATSDR believes that the findings from the U.S. National Cancer Institute [Shearer et al. 2020] of
the association between PFOA and kidney cancer in humans is particularly suggestive. In
addition, as stated above, Steenland et al. conclude that there is some suggestive evidence for
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an association between PFOA and prostate cancer; however, the results are inconsistent.
ATSDR agrees with these conclusions and has updated this health consultation accordingly.
Bladder cancer
The ATSDR Health Consultation misinterprets the series of events that resulted in several
epidemiologic studies conducted by 3M and/or the University of Minnesota. Specifically, the
ATSDR Health Consultation wrote (see page 15): “Epidemiology studies of PFOS-exposed
workers reported an increased risk for some cancers; however, because of small sample sizes,
the results were not statistically significant (Alexander et al. 2003; Alexander and Olsen 2007;
Grice et al. 2007; Olsen et al. 2004).” In fact, the original study by Alexander et al. reported a
large, highly imprecise, but nevertheless statistically significant SMR for bladder cancer (SMR
= 12.77; 95% CI 2.63 to 37.35). In a series of investigations that followed, Olsen et al. analyzed
health claims data for the Decatur manufacturing site. They reviewed 204 inpatient and
34,053 outpatient claims for the 652 chemical plant employees and 237 inpatient and 40,174
outpatient claims for the adjacent film plant employees to ascertain any additional prevalent
bladder cancer cases let alone other cancer and non-cancer claims data. No bladder cancer
claims were found for workers in the chemical plant and 1 bladder cancer claim was found in
the film plant. Another follow-up study, as reported by Alexander and Olsen (2007), examined
medically validated self-reported incidence of bladder cancer of current and former Decatur
employees who worked one year or longer. A total of 11 bladder cancer cases were identified
(8.6 expected, SIR = 1.28 (95% CI 0.64-2.29)). The expected numbers were based on NCI SEER
data. Compared with employees in the lowest cumulative exposure category, the relative risk
of bladder cancer was 0.83 (95% CI 0.15-4.65), 1.92 (95% CI 0.30-12.06), and 1.52 (95% CI
0.21-10.99). Alexander and Olsen concluded these results did not confirm the high excess risk
of bladder cancer that was reported in the mortality study by Alexander et al. but the
possibility remained for a smaller risk in the higher exposed workers. However, the limited
size of the population prohibited a conclusive exposure response analysis. The paper by Grice
et al. examined other self-reported data including bladder calculi and cystitis. These
associations were not observed by Grice et al. Not cited by the ATSDR Health Consultation
was a population-based bladder cancer incidence study conducted in Denmark (sponsored by
the International Institute of Epidemiology who received funds from 3M). A total of 332
bladder cancer cases were identified over an approximate 10-year time period. Based on 5th
to 95th percentile plasma PFOS samples that ranged in this general population between men
(17.4 – 60.9 ng/mL) and women (14.0 – 58.1 ng/mL) yielding respective geometric means of
35.1 ng/mL and 32.1 ng/mL, Eriksen et al. (2009) reported on their adjusted incidence rate
ratios for the three upper quartiles of plasma concentration compared with the lowest
quartile. For PFOS, these incidence rate ratios were: 1.00 (reference); 0.76 (95% CI 0.50-1.16);
0.93 (95% CI 0.61-1.41), and 0.70 (0.46-1.07). The Eriksen et al. findings did not support the
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hypothesis that PFOS might be associated with bladder cancer at general population levels of
PFOS. Finally, the commenter notes there was not an increased risk of bladder tumors in a 2year bioassay of Sprague Dawley rats (Butenhoff et al. 2012). In conclusion, the commenter
recommends that the ATSDR Health Consultation correctly interpret this series of events as it
relates to bladder cancer and PFOS that occurred at the Decatur plant.
RESPONSE: ATSDR has revised the statement referred to in this comment to:
Epidemiology studies of PFOS-exposed workers reported an increased risk for some cancers;
however, because of small sample sizes, the confidence intervals were wide, indicating
considerable uncertainty in the effect estimates [Alexander et al. 2003; Alexander and Olsen
2007; Grice et al. 2007; Olsen et al. 2004].
The bottom-line conclusion that “a causal link between cancer and PFOS exposures, based on
human studies, remains uncertain” was not changed.
Comment: (Page 15, section 5.1.2 and Page 41, conclusion 1: The Health Consultation had
made the following statements: “Animal studies have found limited but suggestive evidence
of PFOS exposure and increased incidence of liver, thyroid, and mammary tumors” (page 15)
and “Animal studies suggest a link between PFOS exposure and several cancers” (page 41).)
The assertions above are only partially incorrect and reflect a lack of understanding of the
context of the studies on which they rely.
1. In laboratory rats, the only chronic study with PFOS (Butenhoff et al. 2012) reported
increased incidence of benign liver adenomas; however, subsequent detailed
mechanistic evaluations demonstrated that the activation of hepatic nuclear receptor
such as PPAR and CAR in rodents can lead to the development of liver tumors
(Elcombe et al. 2012a; Elcombe et al. 2012b; Klaunig et al. 2003; Klaunig et al. 2012;
Gonzales et al. 1998). More importantly, extensive research studies have shown that
this pathway is unlikely to occur in humans due to species difference (Gonzales and
Shah 2008; Elcombe et al. 2014; Corton et al. 2014). Therefore, the development of
liver tumors in humans with exposure to PFOS would not be expected; and no
association has been reported in epidemiological studies.
2. From the same chronic study by Butenhoff et al., there was no increased incidence of
thyroid tumor in rats that had received PFOS treatment for two years, nor was there a
significant trend in thyroid tumors across treatment groups (control and four PFOS
dietary dose groups at 0.5, 2, 5, and 20 ppm). At the end of the two-year study period,
there was a statistically significant increase in thyroid follicular cell adenoma in male
rats that received 20 ppm dietary PFOS for one year followed by another year of
control diet, the finding was considered spurious given that similar observation was
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not reported for male rats or female rats that had received 20 ppm dietary PFOS for
the entire two years.
3. From the same chronic study by Butenhoff et al., there were statistically significant
decreased trends in the incidences of mammary fibroadenoma and combined
mammary adenoma and fibroadenoma in PFOS-treated female rats compared to
control. The decreased (not increased) trend in mammary adenoma is in direct
contrast to what the Health Consultation had stated above.
RESPONSE: From ATSDR’s Final Toxicological Profile (2021), an increase in hepatocellular
adenomas was observed in male rats exposed to dietary PFOS for 2 years; thyroid follicular cell
adenomas were observed in rats exposed to PFOS for 1 year and allowed to recover for an
additional year. Moreover, from U.S. EPA (2016a), “in the only chronic oral toxicity and
carcinogenicity study of PFOS in rats, liver and thyroid tumors (mostly adenomas) were
identified in both the controls and exposed animals at levels that did not show a direct
relationship to dose.” Therefore, animal studies have found limited but suggestive evidence of
the association of PFOS exposures and liver and thyroid tumors. The commenter is correct
about mammary gland tumors; this is, according to ATSDR (2021), “In females, there were also
significant negative trends for mammary adenoma and fibroadenoma carcinoma combined.”
Because of this information, ATSDR has deleted the suggestion that mammary gland tumors
have been associated with PFOS exposures in animal studies. Finally, ATSDR has added a
statement that there is uncertainty in these associations as the tumors did not show a direct
relationship to dose and the mechanism of action may not be relevant to humans.
With that, ATSDR is not discounting the animal studies but is acknowledging the limitations
especially with relevance to humans.
Comment: (Pages 16 - 17, section 5.1.3: The Health Consultation had made the several
inaccurate / inconsistent statements on the provisional MRLs for PFOA, PFOS, and PFHxS
which were released for public comments in 2018 by ATSDR.) Because the draft ATSDR 2018
Toxicological Profile is a draft document, this ATSDR Health Consultation should cite the MRLs
as proposed MRLs as the final (non-draft) document has not been issued by the ATSDR.
The high-level summary provided in this section for PFOA, PFOS, and PFHxS provisional MRLs
was not only inconsistent within the same paragraph itself, it also was inconsistent when
compared to the draft PFAS Toxicological Profile released by ATSDR in 2018. These included:
1) According to the draft PFAS Toxicological Profile, the provisional LOAELHED for PFOA
based on Koskela et al. 2016 study was 8.21 x 10-4 mg/kg/day. This provisional
LOAELHED (8.21 x 10-4 mg/kg/day) was mentioned in current Health Consultation in
the beginning of the third paragraph on page 16; however, at the end of that very
same paragraph, it stated “The estimated LOAELHED based on the Koskela et al. 2006
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study is 2.1 × 10-3 mg/kg/day.” The inconsistency in the data presentation is not only
misleading, but also confusing to the readers. Further clarification is required.
2) Based on the draft PFAS Toxicological Profile, only HED NOAEL was proposed for
PFHxS (as 4.7 x 10-3 mg/kg/day based on a POD of 1 mg/kg/day). There was no
mentioning of a HED LOAEL or LOAELHED for PFHxS. It was not clear why the current
Health Consultation stated that “ATSDR estimates that the HED LOAEL for the above
studies to be 7.3 x 10-3 mg/kg/day.”
If the current Health Consultation’s intent was to calculate the MOE based on HED
LOAEL (as it later stated and showed in the document), then the inferred HED LOAEL
for PFHxS should be 3 times higher than the HED NOAEL because the critical study’s
NOAEL and LOAEL were 1 mg/kg/day and 3 mg/kg/day, respectively. Therefore, the
inferred HED LOAEL for PFHxS should be 14.1 x 10-3 mg/kg/day, not 7.3 x 10-3
mg/kg/day.
RESPONSE: ATSDR’s approach for MRLs developed based on a draft toxicological profile is to
designate them as “provisional”. The same approach was taken for MRLs based on the 2018
draft PFAS Toxicological Profile. However, because the PFAS Toxicological Profile has been
finalized, the word “provisional” is no longer needed and was deleted in the final version of the
health consultation. For comment #1, the reference here should be the Leubker (2005) study
for PFOS, and not the Koskela et al. (2016) study. This has been corrected.
For comment #2, HEDs in this health consultation were calculated using the same process as
was used for MRL derivation. This process is detailed in the introduction to the MRL worksheets
(Appendix A of the 2021 Final PFAS Toxicological Profile). The inherent problem with PFAS is
that one cannot extrapolate directly from dose to serum level. For this reason, ATSDR has taken
the steps of estimating time-weighted average serum levels based on pharmacokinetic or PK
models (for PFOA and PFOS) or measured serum levels (for PFHxS and PFNA) based on the
trapezoid rule.
HED values are based on steady state serum concentrations. Ideally, this type of extrapolation
from applied dose to HEDs would be possible, but it is not the case for PFAS. There is an
intermediate step from applied dose to steady state serum concentrations to HEDs. Timeweighted average serum concentrations are estimated from the measured serum
concentrations from the study of interest from the areas under the curve calculated using the
trapezoid rule. The serum concentrations for the 1 mg/kg/day dose group were 80.97mg/L
after 14 days and 89.12 mg/L after 42 days. On the other hand, for the 3 mg/kg/day dose
group, the concentrations were 143.05 mg/L after 14 days and 128.67 mg/L after 42 days. As
can be seen, a 3-fold increase in dose does not result in a 3-fold increase in serum levels.
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Therefore, the HED LOAEL should not necessarily be 3 times higher than the HED NOAEL. ATSDR
has re-checked and verified these calculations.
A footnote has been added to the final health consultation explaining how ATSDR calculated
HEDs that were not reported in the Final 2021 PFAS Toxicological Profile.
Comment: (Page 17, section 5.1.3: The Health Consultation’s approach using dose additive
risk assessment methods in evaluating mixtures of PFAS.)
The current Health Consultation has analyzed the mixture effect by additivity assuming that
the compounds (in the mixture) are toxicologically similar. This assumption is incorrect and it
is in direct contrast to the draft ATSDR Toxicological Profile (2018) in which it clearly
acknowledged that approaches such as toxic equivalency factor approach would not be
suitable for perfluoroalkyls. In addition, while the Health Consultation stated that “ATSDR
also conducted a qualitative analysis of the scientific literature to determine which PFAS
might have similar target organ effects”, it did not report to what (ATSDR’s) findings were on
the analysis mentioned above.
RESPONSE: ATSDR assumes additivity if there is insufficient evidence to the contrary. For the
four PFAS with ATSDR MRLs, ATSDR’s default approach of additivity was used and there is
nothing in the literature yet to suggest that this approach is incorrect. The approach taken by
ATSDR in this health consultation to evaluate mixtures is not a toxic equivalency factor (TEF)
approach for this class of chemicals—ATSDR is not currently recommending using a TEF
approach for PFAS.
Comment: (Page 19, Table 2: The Health Consultation’s calculation on HQ, MOE, and HI for
selected wells.)
The calculations presented in Table 2 on the Health Consultation need to be clarified.
1) The inferred HED LOAEL for PFOS on the developmental effect was not stated
anywhere in this document. This information should be added.
2) Similarly, the HED LOAEL for PFOS on the immune effects, based on the studies by
Guruge et al. (2009) and Dong et al. (2011) should also be provided for the readers.
While the 2018 draft ATSDR PFAS Toxicological Profile did specify what LOAELs were,
the HED LOAELs for these two studies were not mentioned at all.
3) As stated above, the current Health Consultation should clarify the source for the HED
LOAEL for PFHxS.
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RESPONSE: See response above relating to a similar comment on how ATSDR calculated HEDs
that were not presented in the Final 2021 PFAS Toxicological Profile.
Comment: (5.5.3 Biomonitoring results)
This ATSDR Health Consultation does not provide any data in this section. It references itself
(ATSDR 2020) by providing a web address (for itself) which provides no human biomonitoring
data. Tabular or graphical data should be presented in this section for this Pease area
community as well as corresponding NHANES data. A web address should also be provided for
the NH citation.
RESPONSE: The reference below was used in this health consultation to refer readers of this
consultation to a summary of the biomonitoring data and findings. The reference cited is not
this health consultation on private wells near the Pease Tradeport, but the final ATSDR health
consultation on the Pease Tradeport public water system that assessed the public health
implications of PFAS exposures to persons who drank water from that system. Any resident
who wants to review ATSDR’s summary of the biomonitoring data relating to the Pease
community should use the link below.
[ATSDR] Agency for Toxic Substances and Disease Registry. 2020. Health Consultation - Final
Version - Per and Polyfluoroalkyl Substances (PFAS) in the Pease Tradeport Public Water
System. EPA PWS ID: 1951020 Portsmouth, Newington, and Greenland, NH EPA Facility ID:
NH7570024847. Agency for Toxic Substances and Disease Registry. March 20, 2020.
[updated 2020 March 30; accessed 2020 March 30]. Available from:
https://www.atsdr.cdc.gov/HAC/pha/pease/Pease_Air_Force_Base_HC-508.pdf.
Comment: (What are the Cancer Health Effects of PFAS?, page 15, line 4) “Epidemiologic data
suggest a link between PFOA exposure and elevated rates of kidney, prostate, and testicular
cancers.”
Recommendation:
Add a citation(s) to support this assertion.
RESPONSE: ATSDR has added in the following references to support this statement for the
association between PFOA and kidney, prostate, and testicular cancers:
IARC (2017). IARC monographs on the evaluation of carcinogenic risks to humans. Some
chemicals used as solvents and polymer manufacture. Vol. 110. IARC Press, Lyon.
http://monographs.iarc.fr/ENG/Monographs/vol110/mono110.pdf.
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Shearer JJ, Callahan CL, Calafat AM, Huang W, Jones RR, Sabbisetti VS, Freedman ND,
Sampson JN, Silverman DT, Purdue MP, Hofmann JN. 2020. Serum concentrations of perand polyfluoroalkyl substances and risk of renal cell carcinoma, JNCI: Journal of the
National Cancer Institute, djaa143. [updated 2020 September 18; accessed 2020
December 21]. Available from: https://doi.org/10.1093/jnci/djaa143
Steenland K, Fletcher T, Stein CR, Bartell SM, Darrow L, Lopez-Espinosa MJ, Barry Ryan P,
Savitz DA. Review: Evolution of evidence on PFOA and health following the assessments
of the C8 Science Panel. Environ Int. 2020 Dec;145:106125. http://doi:
10.1016/j.envint.2020.106125. E-pub 2020 Sep 18.
See additional ATSDR responses to similar comments above.
Comment: (Section 5.2, page 18) The title of this section Wells with Potential PFAS
Hazards/Risks lists five wells, though Table 2 includes ten.
Recommendation:
Relocate Table 2 to after Section 5.3 or at the end of the document.
RESPONSE: Table 2 presents the public health implication measures calculated by ATSDR to
help determine if a potential hazard exists or risks of harmful effects are possible. This table
evaluated any private well that had at least one PFAS above an ATSDR HBCV. In the final
analysis, five of the 10 wells with data presented in Table 2 were determined to be a hazard—
the remaining wells were then evaluated in other sections to determine if ATSDR could make a
health determination based on the entire mixture of PFAS presented in any given well.
Comment: (Section 5.2.1, page 18) Hazard Index and Hazard Quotient have very specific
meaning and resultant actions under CERCLA when exceeding 1.0. As the HBCVs have not yet
met even Tier 3 of the USEPA Hierarchy of Toxicity Values appropriate for calculation of HI
and HQ, recommend an alternate terminology be used.
Recommendation:
For HI and HQ, use only toxicity values meeting the Hierarchy established for use under
CERCLA; ratios in comparison to HBCVs should be given alternate titles.
RESPONSE: ATSDR does not calculate any ratio measures that compares a media-specific
exposure concentration to an HBCV. In this health consultation, ATSDR only calculated HQs and
HIs in relation to dose measures with ratios calculated based on the exposure dose and
associated MRL. ATSDR’s guidance indicates that health assessors calculate HQs based on
applicable MRLs or EPA RfDs. If an HQ is above 1.0, then ATSDR further evaluates that exposure
to determine if harmful effects are possible. If a mixtures evaluation is conducted, then ATSDR
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uses these same HQs to calculate HIs for further evaluation of the public health implications of
the mixture. See ATSDR’s mixture guidance at:
ATSDR 2018. Framework for Assessing Health Impacts of Multiple Chemicals and Other
Stressors. U.S. Department of Health and Human Services, Centers for Disease Control
and Prevention, Agency for Toxic Substances Disease Registry.
https://www.atsdr.cdc.gov/interactionprofiles/index.asp
Comment: (Section 5.2.1 & Table 2, page 18 and 19) Margin of Exposure is introduced and
then presented in Table 2 prior to any context as to what the numbers mean. Embedding in a
table of HI/HQ, where a higher number, typically means more risk while the opposite is true
for MOE, needs to be explained prior to presentation.
Recommendation:
Either move definition of Margin of Exposure earlier in the document or relocate Table 2 to
after section 5.3.
RESPONSE: ATSDR has revised the text to define margin of exposure before the presentation of
Table 2.
Comment: (Page 20, 4th paragraph) Margin of Exposure is defined here.
Recommendation:
Either move definition to 5.2.1 where concept is first introduced or move Table 2 to after
section 5.3.
RESPONSE: ATSDR has revised the text to define margin of exposure before the presentation of
Table 2.
.
Comment: (Page 20, 4th paragraph) Last sentence states that MOE was calculated for five
listed wells, but it was actually calculated for 10.
Recommendation:
Relocate or split Table 2 to present information for different sub-sets of wells.
RESPONSE: The sentence from the health consultation mentioned in the comment is in Section
5.2 Wells with Potential PFAS Hazards (RES17, RES19, RES21, RES23, and RES37). Therefore, the
sentence referring to five wells is correct. Please see response to other comment above about
what is presented in Table 2.
Comment: (Page 20, line 12, PFOA and PFOS) “HQs for PFOS were greater than for PFOA”
missing word.
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Recommendation:
Add “HQs” after “than”.
RESPONSE: Suggested edit accepted.
Comment: (Page 20, line 17, PFOA and PFOS) “However, the HQ of 1.01 was slightly elevated
for young children using the RME scenario for RES21.” Is this finding meaningful, the article
states that those HQs equal to or less than 1.00 are likely not associated with adverse health
outcomes.
Recommendation:
Recommend rewording, “The RME scenario for RES21 had an HQ of 1.01.” Understand that
this was the highest one but calling it “elevated” has connotation that it could be an action
level.
RESPONSE: Edit accepted.
Comment: (Section 5.2.2 Evaluation of Past Exposures without HBCVs, Page 24, Para 5)
“Persons exposed to both PFOS and EtFOSE might have an increased risk for developmental
effects, but ATSDR is unable to quantify this mixture effect with current knowledge.”
A conservative assumption to make for exposures to EtFOSE would be to consider it as PFOS,
essentially because it will either degrade or be metabolized into it. Although I can’t speak as
to the exact amount that would be metabolized, assuming a 100% degradation/metabolic
rate would be protective.
Recommendation:
Recommend performing a risk calculation using combined concentrations of EtFOSE and
PFOS. With sufficient caveats regarding the uncertainties of EtFOSE metabolism/degradation,
it would add a more complete picture of the risks related to PFOS exposure specifically.
RESPONSE: ATSDR reviewed the EtFOSE toxicity and pharmacokinetics information in the Final
ATSDR Toxicological Profile for PFAS to determine if it is appropriate to treat it as PFOS in a
mixtures evaluation or to determine if such an approach is health protective. Based on this
review, ATSDR is not aware of any strong data to support using PFOS as a proxy for EtFOSE.
Therefore, ATSDR does not currently know whether making such an assumption would be
protective, and given the uncertainties involved, ATSDR does not believe it would give a more
complete understanding of the risks posed by PFOS than what is currently available.
Comment: (Section 5.2.5 Evaluation of Current Exposures without HBCVs, Page 26, Para 3) It
would be useful to include the PFAS that were detected post-treatment here.
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Recommendation:
Include the information here to indicate how close the concentration came to the HBCV and
which PFAS were detected.
RESPONSE: ATSDR evaluated the drinking water sampled from private wells with treatment
systems (called granular activated carbon systems or GACs). The samples were collected after
going through the treatment system. During the period from 2017 through June 2020, there
were very low concentrations detected for a few PFAS in samples from the faucet. The
following were detected after the treatment systems in these three wells (at low levels - units
are µg/L):
RES17 from faucet after GAC
2015
PFDA=0.0037
PFDS=0.0056
PFHpS=0.0049
PFTeDA=0.005
2018
PFOSA=0.0043
RES19 from faucet after GAC
2018
PFTeDA=0.0039
RES21 from faucet after GAC
No detections
RES23 from faucet after GAC
2018
PFOSA=0.0042
For RES17, the PFAS detected in 2015 occurred shortly after the GAC treatment was installed on
March 17, 2015, with only one detection after that in 2018. The PFAS detected were below
ATSDR’s most conservative HBCV. For the other wells that have had a treatment system, there
have been only a few instances of PFAS detections in treated water at the faucet and these
have been below ATSDR’s most conservative HBCV. Overall, the systems appear to be working
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well, and this information does not change any of ATSDR’s conclusions or recommendations in
this health consultation.
Comment: (Section Evaluation of Cancer Health Effects, page 30, line 34) EPA does not have
an oral cancer slope factor for PFOS or other PFAS because the animal data do not show a
measurable or dose-response relationship.
Recommendation:
Add a citation(s) to support this assertion.
RESPONSE: It is unclear from the comment if the reviewer would like ATSDR to prove a negative
that EPA has not developed any cancer slope factors for PFOS or other PFAS (besides PFOA) or if
the reviewer is commenting on the reason why EPA has not developed a cancer slope factor for
other PFAS besides PFOA. Based on a review of various EPA databases and publications, EPA
has only proposed a cancer slope factor for PFOA. Although one of the reasons to not derive a
cancer slope factor is that the animal data do not show a measurable or dose-response
relationship, there are other reasons why EPA might not have developed a cancer slope factor
for PFOS or other PFAS (besides PFOA). For this reason, ATSDR is deleting the possible reason
why EPA has not developed a cancer slope factor.
It is important to note that based on the recent human studies and the National Toxicology
Program (NTP) animal studies discussed above, EPA and some state agencies are reassessing
their PFOA CSFs. CSFs based on the more recent NTP studies might be different from the CSF
previously derived by EPA for testicular cancer. For these reasons, ATSDR no longer
recommends the use of the 0.07 (mg/kg/day)–1 CSF to evaluate PFOA cancer risk.

Comment: (Section 5.5.1, page 31) Many non-water sources of PFAS are enumerated, but
non-stick cookware is not.
Recommendation:
Consider adding “use of non-stick cookware (especially if manufactured before 2013)” to this
list.
RESPONSE: ATSDR added in “use of non-stick cookware (especially if manufactured before
2013)” to the list of possible non-water sources of PFAS exposures.
Comment: Page 24 – There is a grammatical error and “associated” should be “association”
with breast cancer. Furthermore, there have been more recent epidemiological reports on
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such associations, or lack thereof, to PFOSA and other PFAS since the draft toxicological
profile’s release (ATSDR, 2018).
RESPONSE: Grammatical error corrected.

7. Limitations and Uncertainties of Human Health Risks from PFAS
Exposures
Comment: (Section 7.1, page 38) Clarity is needed concerning “other sources” in the first
sentence.
Recommendation:
Suggest adding “unrelated to AFFF releases at the former Pease AFB” after “other sources.”
RESPONSE: Suggested edit accepted.
Comment: (Section 7.4, first paragraph, last line, Page 39) The conclusion “Therefore, people
exposed for many years could be an increased health risk” does not follow from the preceding
text that addresses relevant in animals to humans, uncertainty in health consequences, and
effects and low concentrations.
Recommendation:
Either add information to support this conclusion or revise the conclusion to fit the
information actually presented in the paragraph.
RESPONSE: ATSDR has deleted the sentence that does not appear to follow the preceding text.

8. Conclusions
Comment: (Conclusion 1—Wells with Possible PFAS Hazard/Risk, Page 40, Para 3)
It’s fairly easy to misread the title of this conclusion and assume that risks are ongoing, when
in fact there is little reason to think there is a current or future hazard thanks to steps that
have already been taken.
Recommendation:
Recommend altering the conclusion title to be more specific that the hazards were due to past
exposures.
RESPONSE: The draft for public comment health consultation clearly indicates that actions have
been taken to mitigate the exposures to the five wells that ATSDR has identified may pose a
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possible hazard/risk. The PFAS evaluated by ATSDR to determine if a hazard exists for these five
wells have long half-lives in the body. Therefore, ATSDR cannot say with certainty that just
because exposure to PFAS in private well water has been mitigated/interrupted, that these past
exposures still do not present a hazard/risk to these exposed persons.
Comment: (Conclusion 2 — Wells Where PFAS Hazard/Risk Cannot be Determined, Page 41,
Para 5)
“The cancer risk from current and past exposure to all PFAS in these wells is uncertain because
of limited data on the potential for these PFAS to cause cancer.”
While this is accurate for the mixture as a whole, PFOA is a possible carcinogen. This should
mean that the cancer risk at least due to PFOA in wells RES03, RES20, RES22, and RES25
should be quantifiable.
Recommendation:
Recommend that the ATSDR calculates risk due to PFOA exposure in these wells and includes
it here to clarify that cancer risk may exist due to the mixture of PFAS but likely not due to
PFOA alone based on limited knowledge of the carcinogenicity of the other PFAS.
RESPONSE: ATSDR has updated its approach to using the current EPA PFOA cancer slope factor
based on testicular cancer and revised this health consultation by adding the following text:
Based on the recent human studies and the National Toxicology Program (NTP) animal
studies discussed above, EPA and some state agencies are reassessing their PFOA CSFs.
CSFs based on the more recent NTP studies might be different from the CSF previously
derived by EPA for testicular cancer. For these reasons, ATSDR no longer recommends
the use of the 0.07 (mg/kg/day)–1 CSF to evaluate PFOA cancer risk.
EPA cites suggestive evidence that perfluorooctane sulfonate (PFOS) causes cancer,
based on limited evidence of liver cancer in rats. However, the evidence was too limited
to support a quantitative cancer assessment for PFOS [EPA 2016a]. EPA has not
classified any other PFAS as potentially carcinogenic and has not derived oral CSFs for
PFOS or other PFAS, mostly because animal and human data are insufficient. Therefore,
similar to PFOA, ATSDR cannot calculate the estimated cancer risk from PFOS or other
PFAS.
Until more definitive data are available, ATSDR can only evaluate the cancer risk posed
by PFOA, PFOS, and other PFAS exposures qualitatively. Therefore, the actual cancer
risk from PFOA, PFOS, other PFAS, or PFAS mixture exposures is uncertain.
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Comment: (Conclusion 2 — Wells Where PFAS Hazard/Risk Cannot be Determined, Page 41,
Para 5)
“In addition to PFAS exposures from drinking water, PFAS exposure from food and consumer
products might contribute to the overall amount of PFAS in a person’s body.”
This language downplays the ubiquity of PFAS - a large portion of PFAS exposure in a typical
person usually comes from exposures via food for example. Elimination of PFAS from drinking
water likely won't completely eradicate PFAS exposure for most people.
Recommendation:
Suggest that ATSDR strengthen the language here to indicate that PFAS levels in the body are
likely a result of multitude of exposures, including food, dust, and of course drinking water.
RESPONSE: Edit accepted here and elsewhere in the health consultation with similar language.
Comment: (Page 41, first paragraph on page) The text as written is misleading as it may
cause a reader to believe there is a confirmed link between human PFOA exposure and higher
rates of cancer. The text states human and animal studies suggest a link between PFOA
exposure and higher rates of several cancers. The second sentence also states animal studies
suggest a link for PFOS exposure but then states human studies have not confirmed a link
between cancer and PFOS exposure, which could be misconstrued as the line for PFOA being
“confirmed”.
Recommendation:
Revise second sentence in paragraph to clarify what it means to “suggest a link” as was
stated for PFOA compared to “confirm a link” as was stated for PFOS.
RESPONSE: See ATSDR’s responses to other public comments on section 5, Public Health
Implications of Exposure to PFAS in Drinking Water, relating to the language on the association
between PFOA and PFOS exposures and the evidence from human and animal studies. Also,
see changes to sections 5.1.2 and 5.2.3 in this final health consultation.

9. Recommendations
Comment: (Page 43, first sentence) The recommendation to “continue their investigations to
characterize PFAS groundwater contamination at the site” is inappropriate for this document.
Investigations will proceed under CERCLA and the signed Federal Facility Agreement and
further decisions will be based on risk as determined by a Human Health Risk Assessment
using accepted toxicity values.
Recommendation:
Remove recommendation for further investigations.
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RESPONSE: ATSDR did not revise the recommendations to EPA, NHDES, and USAF; however,
ATSDR added the action language suggested in the comment to Next Steps for Conclusion 2 in
the Summary and to the Public Health Action Plan—Ongoing Actions section.
Comment: (Page 43) The breastfeeding recommendation is confusing. It reads as if ATSDR
recommends both breastfeeding and formula use. It also fails to mention the role of the
healthcare provider.
Recommendation:
Suggested rewrite: “ATSDR endorses the policy statement of the American Academy of
Pediatrics promoting exclusive breastfeeding
(https://pediatrics.aappublications.org/content/129/3/e827.full#content-block ). This applies
regardless of the PFAS concentration of the water supply, as the benefits of breastfeeding in
this context appear to outweigh the risks. If formula is used (either exclusively or as a
supplement to breastfeeding), then caregivers should use pre-mixed formula or reconstitute
dry formula with water sources not containing PFAS. Infant feeding decisions should be made
in consultation with a healthcare provider.”
RESPONSE: This recommendation is linked to Conclusion 4 (Breastfeeding remains a healthy
option). In that conclusion, ATSDR mentions both the CDC and American Academy of Pediatrics
recommendations so there is no need to mention them again here. The conclusion and this
recommendation are clear that breastfeeding has benefits over other feeding choices.
However, if a mother chooses not to breastfeed, then ATSDR recommends that water sources
not containing PFAS be used to develop infant formula. Although ATSDR mentions the potential
role of a mother’s healthcare provider in these decisions, ATSDR agrees with the comment that
the recommendation leaves out this point. The last sentence in the comment has been added
to this recommendation.
Appendix A
Comment: (Tables A-7 through A-32) In the main text, for example Table 2, hazard quotients
and hazard indices are presented at 1 significant figure. However, the tables in Appendix B
use 3 significant digits and apply shading indicating an exceedance of a health-based value.
Therefore, a hazard index of 1.01 is viewed as “different” from a hazard index of 1. The text
(Section 3.3) states “Estimated doses that are below health guidelines are not expected to
cause adverse health effects.” This would lead a reader to understand that a shaded hazard
quotient or hazard index of 1.01 could be expected to cause an adverse health effect” even
though this does not seem to be how the hazard quotients and hazard indices are presented
in the main text.
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For the tables presenting hazard indices, it is not clear what “health-based comparison value”
has been exceeded as the hazard index is a sum of hazard quotients. Hazard indices exceeding
1 are not segregated by target effect. Based in the information presented in the text, it does
not seem the MRL for PFHxS (thyroid follicular cell damage) is the same as for PFOS and PFOA
(developmental, albeit different endpoints). No note is provided to the tables to explain what
a hazard quotient or hazard index greater than 1 may mean with regards to noncancer health
effects.
Recommendation:
Either revise the number of significant digits to align with presentation in the main text or
add a note to all tables providing context for what an “exceedance” may mean with respect
to adverse health effects and how significant digits are used and reported in the main text.
Clarify what “health-based comparison value” is intended and used in calculating the hazard
quotients and hazard indexes.
If the target effect is the same for all chemicals contributing to the hazard index, then clarify
in the note. Otherwise, the note should clarify the target systems are not the same.
RESPONSE: The significant digits have been adjusted to one. Health-based comparison values
usage and determinations have been previously discussed. The addition of separate hazard
quotients to generate hazard indices use similar endpoint toxicities.
Comment: (Table A-33) Cancer risk is shown at two significant digits. EPA guidance (RAGS A)
recommends reporting cancer risk at one significant figure only.
Recommendation:
Revise to present cancer risk at one significant digit.
RESPONSE: ATSDR agrees with this comment; however, all cancer risk estimates have been
deleted from this health consultation.
Comment: (Table A-4, page A-8) Table A-4, Exposure pathway biota – In the past year,
sampling of shellfish and deer from the Great Bay region has been completed and should be
revisited as a part of this assessment. The low levels of PFAS likely represent a minor to
insignificant exposure pathway depending on the methods used by ATSDR, but none-the-less
are available for consideration.
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RESPONSE: As mentioned in a response to a similar comment above about shellfish sampling
from the Great Bay, based on NHDES’ evaluation, it appears that
• any exposures that might have occurred to PFAS (primarily PFOS) in shellfish from the
Great Bay are not likely to result in harmful effects;
• the existing restrictions in place would further reduce the potential for any exposures;
and
• evaluation of all PFAS present in shellfish could not be done because of the lack of
toxicity data.
Moreover, the NHDES indicated that PFOS detections occurred in shellfish collected from the
Broad Cove at the mouth of Knights Brook, Great Bay at the Mouth of McIntyre Brook, and
Trickys Cove at the mouth of Pickering Brook. If any residents with contaminated wells in
Newington consumed shellfish from these areas, this would have added to their PFAS
exposures they have received from the private wells and other sources.
In addition to the shellfish sampling from the Great Bay, in 2019, the NH Department of Fish
and Game sampled muscle and liver of deer in the Great Bay area. Their report is available
from: https://www.wildlife.state.nh.us/hunting/deer-pfas.html
Here is a summary of their findings:
During the 2019 Great Bay Deer Hunt, successful hunters were asked to provide muscle and
liver tissue samples from their harvested deer for PFAS testing. US Fish and Wildlife Service
staff assisted in collecting tissue samples for the Department during the registration process.
These samples were then sent to a lab at the University of Connecticut to screen for PFAS
chemicals. Sixteen (16) deer were sampled, yielding 16 muscle samples and 15 liver samples
for a total of 31 tissue samples collected and tested. Each sample was tested for 14 PFAS
compounds with the following results:
o
o

o
o

PFOS was the only PFAS chemical detected in any of the 31 tissue samples.
3 of 15 liver samples (20%) were positive for PFOS, 80% of liver samples were negative for
PFOS.
15 liver samples (100%) were negative for any of the other 13 PFAS compounds tested.
16 muscle samples (100%) were negative for any of 14 PFAS compounds tested.
No PFAS chemicals were detected in any of the muscle tissue samples tested, suggesting
venison consumption likely represents a low risk for PFAS exposure. While PFAS levels
detected in deer livers were considered moderately low, the Department still recommends
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hunters do not consume deer liver. The liver is a filtering organ and therefore has potential to
have high levels of a number of contaminants.
ATSDR recommends that residents using wells where ATSDR has determined a hazard exists for
past exposures or where current exposures cannot be determined should consider not
consuming shellfish from these areas of concern from the Great Bay or deer liver in the Great
Bay area.
Comment: (Table A-6, page A-10) RME Table A-6 – The agency should clarify the source of its
assumed drinking water ingestion rates (i.e., ATSDR’s 2016 guidance document or the more
recent update to the EPA Exposure Factors Handbook). EPA recently revised body weight and
drinking water intake rate assumptions and it is unclear which values served as the basis for
the RME calculations. This could be addressed with a footnote and proper citations.
RESPONSE: This health consultation used the body weights and drinking water intake rates
based on ATSDR’s 2016 Exposure Dose Guidance for Water Ingestion [ATSDR 2016]. This
guidance is based on data and information from the 2011 EPA Exposure Factors Handbook
(EFH) [U.S. EPA 2011]. ATSDR is currently reviewing updates to the EFH that relate to water
ingestion to determine if any changes to ATSDR’s guidance are needed.

C-52

References cited in this appendix:
Abraham K, Mielke H, Fromme H, Volkel W, Menzel J, Peiser M, Zepp F, Willich SN, Weikert C.
2020. Internal exposure to perfluoroalkyl substances (PFASs) and biological markers in 101
healthy 1-year-old children: associations between levels of perfluorooctanoic acid (PFOA) and
vaccine response. Arch Toxicol.
ACGIH 2001. Documentation of the Threshold Limit Values and Biological Exposure Indices. 7th
ed.
Alexander BH, Olsen GW, Burris JM, Mandel JH, Mandel JS. 2003. Mortality of employees of a
perfluorooctanesulphonyl fluoride manufacturing facility. Occup Environ Med 60:722–9.
Alexander BH, Olsen GW. 2007. Bladder cancer in perfluorooctanesulfonyl fluoride
manufacturing workers. Ann Epidemiol 17:471–8.
[ATSDR] Agency for Toxic Substances and Disease Registry. 2016. Exposure dose guidance for
water ingestion, Version 2. Atlanta, GA: U.S. Department of Health and Human Services, Public
Health Service, October 26.
Agency for Toxic Substances and Disease Registry (ATSDR). 2021. Toxicological profile for
Perfluoroalkyls. Atlanta, GA: U.S. Department of Health and Human Services, Public Health
Service. DOI: 10.15620/cdc:59198
Bangma J, Eaves LA, Oldenburg K, Reiner JL, Manuck T, Fry RC. 2020. Identifying Risk Factors for
Levels of Per- and Polyfluoroalkyl Substances (PFAS) in the Placenta in a High-Risk Pregnancy
Cohort in North Carolina. Environ Sci Technol 54:8158–66.
Barry V, Winquist A, Steenland K. 2013. Perfluorooctanoic acid (PFOA) exposures and incident
cancers among adults living near a chemical plant. Environ Health Perspect 121:1313–8.
Baxter D. (2007). Active and passive immunity, vaccine types, excipients and licensing. Occup
Med (Lond) 57:552–6.
Benbrahim-Tallaa L, Lauby-Secretan B, Loomis D, Guyton KZ, Grosse Y, El Ghissassi F, Bouvard V,
Guha N, Mattock H, Straif K, and International Agency for Research on Cancer Monograph
Working,G. 2014. Carcinogenicity of perfluorooctanoic acid, tetrafluoroethylene,
dichloromethane, 1,2-dichloropropane, and 1,3-propane sultone. Lancet Oncol 15:924–5.

C-53

Borghese MM, Walker M, Helewa ME, Fraser WD, Arbuckle TE. 2020. Association of
perfluoroalkyl substances with gestational hypertension and preeclampsia in the MIREC study.
Environ Int 141, 105789.
Butenhoff JL, Chang SC, Olsen GW, Thomford PJ. 2012. Chronic dietary toxicity and
carcinogenicity study with potassium perfluorooctanesulfonate in Sprague Dawley rats.
Toxicology 293:1–15.
C8 Science Panel. 2012. Probable Link Evaluation of Cancer. [accessed 2020 February 27].
Available from: http://c8sciencepanel.org/study.html.
CDC NHANES. 2019. Fourth National Report on Human Exposure to Environmental Chemicals.
[accessed March 29, 2019]. Available from:
https://www.cdc.gov/exposurereport/pdf/FourthReport_UpdatedTables_Volume1_Jan2019508.pdf.
Chang S, Allen BC, Andres KL, Ehresman DJ, Falvo R, Provencher A, Olsen GW, Butenhoff JL.
2017. Evaluation of Serum Lipid, Thyroid, and Hepatic Clinical Chemistries in Association With
Serum Perfluorooctanesulfonate (PFOS) in Cynomolgus Monkeys After Oral Dosing With
Potassium PFOS. Toxicol Sci 156:387–401.
Consonni D, Straif K, Symons JM, Tomenson JA, van Amelsvoort LG, Sleeuwenhoek A, Cherrie
JW, Bonetti P, Colombo I, Farrar DG, Bertazzi PA. 2013. Cancer risk among tetrafluoroethylene
synthesis and polymerization workers. Am J Epidemiol 178:350–8.
Convertino M, Church TR, Olsen GW, Liu Y, Doyle E, Elcombe CR, Barnett AL, Samuel LM,
MacPherson IR, Evans TRJ. 2018. Stochastic Pharmacokinetic-Pharmacodynamic Modeling for
Assessing the Systemic Health Risk of Perfluorooctanoate (PFOA). Toxicol Sci 163:293–306.
Corton JC, Cunningham ML, Hummer BT, Lau C, Meek B, Peters JM, Popp JA, Rhomberg L, Seed
J, Klaunig JE. 2014. Mode of action framework analysis for receptor-mediated toxicity: The
peroxisome proliferator-activated receptor alpha (PPARalpha) as a case study. Crit Rev Toxicol
44:1–49.
Darrow LA, Stein CR, Steenland K. 2013. Serum perfluorooctanoic acid and perfluorooctane
sulfonate concentrations in relation to birth outcomes in the Mid-Ohio Valley, 2005-2010.
Environ Health Perspect 121:1207–13.
DeWitt JC, Copeland CB, Strynar MJ, Luebke RW. 2008. Perfluorooctanoic acid-induced
immunomodulation in adult C57BL/6J or C57Bl/6N female mice, Environ. Health Perspect.,
2008, vol. 116:644–50.
C-54

DeWitt JC, Williams WC, Creech NJ, et al. 2016. Suppression of antigen-specific antibody
responses in mice exposed to perfluorooctanoic acid: Role of PPARalpha and T- and B-cell
targeting. J Immunotoxicol 13(1):38–45. 10.3109/1547691x.2014.996682.
Ducatman A, Zhang, J, Fan H. 2015. Prostate-specific antigen and perfluoroalkyl acids in the C8
health study population. J Occup Environ Med 57:111–4.
Dzierlenga MW, Crawford L, Longnecker MP. 2020. Birth weight and perfluorooctane sulfonic
acid: a random-effects meta-regression analysis. Environ Epidemiol 4:e095.
EFSA Contamination Panel, Knutsen HK, Alexander J, Barregård L, Bignami M, Brüschweiler B,
Ceccatelli S, et al. 2018. Scientific opinion on the rRisk to human health related to the presence
of perfluorooctane sulfonic acid and perfluorooctanoic acid in food. EFSA Journal 2018 ;16(12),
5194, 284.
Elcombe CR, Elcombe BM, Foster JR, Chang SC, Ehresman DJ, Butenhoff JL. 2012a.
Hepatocellular hypertrophy and cell proliferation in Sprague-Dawley rats from dietary exposure
to potassium perfluorooctanesulfonate results from increased expression of xenosensor
nuclear receptors PPARalpha and CAR/PXR. Toxicology 293:16–29.
Elcombe CR, Elcombe BM, Foster JR, Chang SC, Ehresman DJ, Noker PE, Butenhoff JL. 2012b.
Evaluation of hepatic and thyroid responses in male Sprague Dawley rats for up to eighty-four
days following seven days of dietary exposure to potassium perfluorooctanesulfonate.
Toxicology 293:30–40.
Elcombe CR, Peffer RC, Wolf DC, Bailey J, Bars R, Bell D, Cattley RC, Ferguson SS, Geter D, Goetz
A, Goodman JI, Hester S, Jacobs A, Omiecinski CJ, Schoeny R, Xie W, Lake BG. 2014. Mode of
action and human relevance analysis for nuclear receptor-mediated liver toxicity: A case study
with phenobarbital as a model constitutive androstane receptor (CAR) activator. Crit Rev
Toxicol 44:64–82.
Eriksen KT, Sorensen M, McLaughlin JK, Lipworth L, Tjonneland A, Overvad K, Raaschou-Nielsen
O. 2009. Perfluorooctanoate and perfluorooctanesulfonate plasma levels and risk of cancer in
the general Danish population. J Natl Cancer Inst 101:605–9.
Fletcher T, Galloway TS, Melzer D, Holcroft P, Cipelli R, Pilling LC, Mondal D, Luster M, Harries L.
W. 2013. Associations between PFOA, PFOS and changes in the expression of genes involved in
cholesterol metabolism in humans. Environ Int 57-58:2–10.
Gallo V, Leonardi G, Genser B, Lopez-Espinosa MJ, Frisbee SJ, Karlsson L, Ducatman AM,
Fletcher T. 2012. Serum perfluorooctanoate (PFOA) and perfluorooctane sulfonate (PFOS)
C-55

concentrations and liver function biomarkers in a population with elevated PFOA exposure.
Environ Health Perspect 120 (5):655–60.
Girardi P, Merler E. 2019. A mortality study on male subjects exposed to polyfluoroalkyl acids
with high internal dose of perfluorooctanoic acid. Environ Res. 2019 Dec;179(Pt A):108743. doi:
10.1016/j.envres.2019.108743. Epub 2019 Sep 14. PMID: 31542491.
Grandjean P, Andersen EW, Budtz-Jorgensen E, Nielsen F, Molbak K, Weihe P, Heilmann C.
2012. Serum vaccine antibody concentrations in children exposed to perfluorinated
compounds. JAMA 307:391–7.
Grandjean P, Heilmann C, Weihe P, Nielsen F, Mogensen UB, Budtz-Jorgensen E. 2017a. Serum
Vaccine Antibody Concentrations in Adolescents Exposed to Perfluorinated Compounds.
Environ Health Perspect 125, 077018.
Grandjean P, Heilmann C, Weihe P, Nielsen F, Mogensen UB, Timmermann A, Budtz-Jorgensen
E. 2017b. Estimated exposures to perfluorinated compounds in infancy predict attenuated
vaccine antibody concentrations at age 5-years. J Immunotoxicol 14:188–95.
Granum B, Haug LS, Namork E, Stolevik SB, Thomsen C, Aaberge IS, van Loveren H, Lovik M,
Nygaard UC. 2013. Pre-natal exposure to perfluoroalkyl substances may be associated with
altered vaccine antibody levels and immune-related health outcomes in early childhood. J
Immunotoxicol 10:373–9.
Grice MM, Alexander BH, Hoffbeck R, Kampa DM. 2007. Self-reported medical conditions in
perfluorooctanesulfonyl fluoride manufacturing workers. J Occup Environ Med 49:722–9.
Gonzalez FJ, Peters JM, Cattley RC. 1998. Mechanism of action of the nongenotoxic peroxisome
proliferators: role of the peroxisome proliferator-activator receptor alpha. J Natl Cancer Inst
90:1702–9.
Gonzalez FJ, Shah YM. 2008. PPARalpha: mechanism of species differences and
hepatocarcinogenesis of peroxisome proliferators. Toxicology 246:2–8.
Hardell E, Karrman A, van Bavel B, Bao J, Carlberg M, Hardell L. 2014. Case-control study on
perfluorinated alkyl acids (PFAAs) and the risk of prostate cancer. Environ Int 63, 35-9.
Huang R, Chen Q, Zhang L, Luo K, Chen L, Zhao S, Feng L, Zhang J. 2019. Prenatal exposure to
perfluoroalkyl and polyfluoroalkyl substances and the risk of hypertensive disorders of
pregnancy. Environ Health 18:5.

C-56

IARC. 2017. IARC monographs on the evaluation of carcinogenic risks to humans. Some
chemicals used as solvents and polymer manufacture. Vol. 110. IARC Press, Lyon. [accessed
2020 December 21]. Available from:
http://monographs.iarc.fr/ENG/Monographs/vol110/mono110.pdf.
IARC Monograph 110-01. 2018. Perfluororoctanoic Acid. [accessed 2020 December 21].
Available from: https://monographs.iarc.fr/wp-content/uploads/2018/06/mono110-01.pdf.
Johnson PI, Sutton P, Atchley DS, Koustas E, Lam J, Sen S, Robinson KA, Axelrad DA, Woodruff
TJ. 2014. The Navigation Guide - evidence-based medicine meets environmental health:
systematic review of human evidence for PFOA effects on fetal growth. Environ Health Perspect
122:1028–39.
Kashino I, Sasaki S, Okada E, Matsuura H, Goudarzi H, Miyashita C, Okada E, Ito YM, Araki A,
Kishi R. 2020. Prenatal exposure to 11 perfluoroalkyl substances and fetal growth: A large-scale,
prospective birth cohort study, Environment International, Volume 136, 2020, 105355, ISSN
0160-4120,https://doi.org/10.1016/j.envint.2019.105355. [accessed 2020 December 21].
Available from: http://www.sciencedirect.com/science/article/pii/S0160412019323347.
Kielsen K, Shamim Z, Ryder LP, Nielsen F, Grandjean P, Budtz-Jorgensen E, Heilmann C. 2016.
Antibody response to booster vaccination with tetanus and diphtheria in adults exposed to
perfluorinated alkylates. J Immunotoxicol 13:270–3.
Klaunig JE, Babich MA, Baetcke KP, Cook JC, Corton JC, David RM, DeLuca JG, Lai DY, McKee RH,
Peters JM, Roberts RA, Fenner-Crisp PA. 2003. PPARalpha agonist-induced rodent tumors:
modes of action and human relevance. Crit Rev Toxicol 33:655–780.
Klaunig JE, Hocevar BA, Kamendulis LM. 2012. Mode of Action analysis of perfluorooctanoic
acid (PFOA) tumorigenicity and Human Relevance. Reprod Toxicol 33:410–18.
Knutsen HK, Alexander J, Barregård L, Bignami M, Brüschweiler B, Ceccatelli S, Cottrill B, Dinovi
M, Edler L, Grasl‐Kraupp B, Hogstrand C, Hoogenboom L, Nebbia CS, Oswald IP, Petersen A,
Rose M, Roudot AC, Vleminckx C, Vollmer G, Wallace H, Bodin L, Cravedi JP, Halldorsson TI,
Haug LS, Johansson N, van Loveren H, Gergelova P, Mackay K, Levorato S, van Manen M,
Schwerdtle T. 2018. Risk to human health related to the presence of perfluorooctane sulfonic
acid and perfluorooctanoic acid in food. EFSA Journal 16:5194.
Leonard RC. 2006. Ammonium Perfluorooctanoate: Phase 2. Retrospective Cohort Mortality
Analyses Related to a Serum Biomarker of Exposure in a Polymer Production Plant, Ed.), pp. 1–
73. E. I. du Pont de Nemours and Company, Delaware.
C-57

Leonard RC, Kreckmann KH, Sakr CJ, Symons JM. 2008. Retrospective cohort mortality study of
workers in a polymer production plant including a reference population of regional workers.
Ann Epidemiol 18:15–22.
Li Y, Barregard L, Xu Y, Scott K, Pineda D, Lindh CH, Jakobsson K, Fletcher T. 2020. Associations
between perfluoroalkyl substances and serum lipids in a Swedish adult population with
contaminated drinking water. Environ Health 19:33.
Looker C, Luster MI, Calafat AM, Johnson VJ, Burleson GR, Burleson FG, Fletcher T. 2014.
Influenza vaccine response in adults exposed to perfluorooctanoate and
perfluorooctanesulfonate. Toxicol Sci 138 (1):76–88.
Lundin JI, Alexander BH, Olsen GW, Church TR. 2009. Ammonium perfluorooctanoate
production and occupational mortality. Epidemiology. 20:921–928.
Mastrantonio M, Bai E, Uccelli R, Cordiano V, Screpanti A, Crosignani P. 2018. Drinking water
contamination from perfluoroalkyl substances (PFAS): an ecological mortality study in the
Veneto Region. Italy. Eur J Public Health. 28 (1):180–185.
Mogensen UB, Grandjean P, Heilmann C, Nielsen F, Weihe P, Budtz-Jorgensen E. 2015.
Structural equation modeling of immunotoxicity associated with exposure to perfluorinated
alkylates. Environ Health 14:47.
Morken NH, Travlos GS, Wilson RE, Eggesbo M, Longnecker MP. 2014). Maternal glomerular
filtration rate in pregnancy and fetal size. PLoS One 9, e101897.
Negri E, Metruccio F, Guercio V, Tosti L, Benfenati E, Bonzi R, La Vecchia C, Moretto A. 2017.
Exposure to PFOA and PFOS and fetal growth: a critical merging of toxicological and
epidemiological data. Crit Rev Toxicol 47:482–508.
NHDES. 2019. Technical Background Report for the June 2019 Proposed Maximum Contaminant
Levels (MCLs) and Ambient Groundwater Quality Standards (AGQSs) for Perfluorooctane
sulfonic Acid (PFOS), Perfluorooctanoic Acid (PFOA), Perfluorononanoic Acid (PFNA), and ... NH
Department of Environmental Services, Concord, NH.
Nolan LA, Nolan JM, Shofer FS, Rodway NV, Emmett EA. 2010. Congenital Anomalies,
Labor/Delivery Complications, Maternal Risk Factors and Their Relationship with
Perfluorooctanoic Acid (PFOA)-Contaminated Public Drinking Water. Repro Toxicol 29:147–55.
NTP (National Toxicology Program Monograph). 2016. Systematic Review of Immunotoxicity
Associated with Exposure to PFOA or PFOS.
C-58

Olsen GW, Burlew MM, Marshall JC, Burris JM, Mandel JH. 2004. Analysis of episodes of care in
a perfluorooctanesulfonyl fluoride production facility. J Occup Environ Med 46:837–46.
Olsen GW, Ehresman DJ, Buehrer BD, Gibson BA, Butenhoff JL, Zobel LR. 2012. Longitudinal
assessment of lipid and hepatic clinical parameters in workers involved with the demolition of
perfluoroalkyl manufacturing facilities. J Occup Environ Med 54:974–83.
Olsen GW. 2015. PFAS biomonitoring in higher exposed populations. In: Toxicological Effects of
Perfluoroalkyl and Polyfluoroalkyl Substances. C.J. DeWitt, ed., Springer International
Publishing, Cham:77–125.
Olsen GW. Mair DC, Lange CC, Harrington LM, Church TR, Goldberg CL, Herron RM, Hanna H,
Nobiletti JB, Rios JA, Reagen WK, Ley CA. 2017. Per- and polyfluoroalkyl substances (PFAS) in
American Red Cross adult blood donors, 2000-2015. Environ Res 157:87–95.
Pilkerton CS, Hobbs GR, Lilly C, Knox SS. 2018. Rubella immunity and serum perfluoroalkyl
substances: Sex and analytic strategy. PLoS One 13, e0203330.
Pouwer MG, Pieterman EJ, Chang SC, Olsen GW, Caspers MPM, Verschuren L, Jukema JW,
Princen HMG. 2019. Dose Effects of Ammonium Perfluorooctanoate on Lipoprotein Metabolism
in APOE*3-Leiden.CETP Mice. Toxicol Sci 168:519–534.
Raleigh KK, Alexander BH, Olsen GW, Ramachandran G, Morey SZ, Church TR, Logan PW, Scott
LL, Allen EM. 2014. Mortality and cancer incidence in ammonium perfluorooctanoate
production workers. Occup Environ Med 71:500–6.
Rylander L, Lindh CH, Hansson SR, Broberg K, Kallen K. 2020. Per- and Polyfluoroalkyl
Substances in Early Pregnancy and Risk for Preeclampsia: A Case-Control Study in Southern
Sweden. Toxics 8.
Sagiv SK, Rifas-Shiman SL, Fleisch AF, Webster TF, Calafat AM, Ye X, Gillman MW, Oken E. 2018.
Early-Pregnancy Plasma Concentrations of Perfluoroalkyl Substances and Birth Outcomes in
Project Viva: Confounded by Pregnancy Hemodynamics?, American Journal of Epidemiology,
Volume 187, Issue 4, April 2018, Pages 793–802. [accessed 2020 December 21]. Available from:
https://academic.oup.com/aje/article/187/4/793/4636590.
Salihovic S, Dickens AM, Schoultz I, Fart F, Sinisalu L, Lindeman T, Halfvarson J, Oresic M,
Hyotylainen T. 2019. Simultaneous determination of perfluoroalkyl substances and bile acids in
human serum using ultra-high-performance liquid chromatography-tandem mass spectrometry.
Anal Bioanal Chem.

C-59

Savitz DA, Stein CR, Bartell SM, Elston B, Gong J, Shin HM, Wellenius GA. 2012.
Perfluorooctanoic acid exposure and pregnancy outcome in a highly exposed community.
Epidemiology 23:386–92.
Shearer JJ, Callahan CL, Calafat AM, Huang W, Jones RR, Sabbisetti VS, Freedman ND, Sampson
JN, Silverman DT, Purdue MP, Hofmann JN. 2020. Serum concentrations of per- and
polyfluoroalkyl substances and risk of renal cell carcinoma, JNCI: Journal of the National Cancer
Institute, djaa143. [accessed2020 December 21]. Available from:
https://academic.oup.com/jnci/advance-article/doi/10.1093/jnci/djaa143/5906528.
Sagiv SK, Rifas-Shiman SL, Fleisch AF, et al. 2018. Early-pregnancy plasma concentrations of
perfluoroalkyl substances and birth outcomes in Project Viva: Confounded by pregnancy
hemodynamics? Am J Epidemiol 187(4);793–802.
Souza MCO, Saraiva MCP, Honda M, Barbieri MA, Bettiol H, Barbosa F, Kannan K. 2020.
Exposure to per- and polyfluorinated alkyl substances in pregnant Brazilian women and its
association with fetal growth. Environ Res 187:109585.
Starling AP, Engel SM, Richardson DB, Baird DD, Haug LS, Stuebe AM, Klungsoyr K, Harmon Q,
Becher G, Thomsen C, Sabaredzovic A, Eggesbo M, Hoppin JA, Travlos GS, Wilson RE, Trogstad
LI, Magnus P, Longnecker MP. 2014. Perfluoroalkyl substances during pregnancy and validated
preeclampsia among nulliparous women in the Norwegian Mother and Child Cohort Study. Am
J Epidemiol 179:824–33.
Steenland K, Tinker S, Frisbee S, Ducatman A, Vaccarino V. 2009. Association of
perfluorooctanoic acid and perfluorooctane sulfonate with serum lipids among adults living
near a chemical plant. Am J Epidemiol 170:1268–78.
Steenland K, Woskie S. 2012. Cohort mortality study of workers exposed to perfluorooctanoic
acid. Am J Epidemiol 176:909–17.
Steenland K, Zhao L, Winquist A. 2015. A cohort incidence study of workers exposed to
perfluorooctanoic acid (PFOA). Occup Environ Med 72:373–80.
Steenland K, Barry V, Savitz D. 2018. Serum Perfluorooctanoic Acid and Birthweight: An
Updated Meta-analysis With Bias Analysis. Epidemiology 29:765–776.
Steenland K, Fletcher T, Stein CR, Bartell SM, Darrow L, Lopez-Espinosa MJ, Barry Ryan P, Savitz
DA. 2020 Review: Evolution of evidence on PFOA and health following the assessments of the
C8 Science Panel. Environ Int. 2020 Dec;145:106125. doi: 10.1016/j.envint.2020.106125. E-pub
2020 Sep 18.
C-60

Stein CR, Savitz DA. 2009. The Authors Reply RE: Serum levels of perfluorooctanoic acid and
perfluorooctane sulfonate and pregnancy outcome. Am J Epidemiol 170:837–46.
Stein CR, Ge Y, Wolff MS, Ye X, Calafat AM, Kraus T, Moran TM. 2016a. Perfluoroalkyl substance
serum concentrations and immune response to FluMist vaccination among healthy adults.
Environ Res 149:171–8.
U.S. EPA US Environmental Protection Agency. 2011. Exposure Factors Handbook: 2011 Edition
(Final). Washington, DC: Office of Research and Development, National Center for
Environmental Assessment, EPA/600/R- 09/052A. Available at:
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=236252#Download.
U.S. EPA. 2016a. Drinking Water Health Advisory for Perfluorooctane Sulfonate (PFOS). EPA
Document Number: 822-R-16-004. [updated 2016 May; accessed 2020 December 21]. Available
from: https://www.epa.gov/sites/production/files/201605/documents/pfos_health_advisory_final_508.pdf.
U.S. EPA. 2016b. Drinking Water Health Advisory for Perfluorooctanoic Acid (PFOA). EPA
Document Number: 822-R-16-005. [updated 2016 May; accessed 2020 December 21]. Available
from: https://www.epa.gov/sites/production/files/201605/documents/pfoa_health_advisory_final_508.pdf.
Vanden Heuvel JP. 2013. Comment on "associations between PFOA, PFOS and changes in the
expression of genes involved in cholesterol metabolism in humans" by Fletcher et al.,
Environment International 57-58 (2013) 2-10. Environ Int 61:150–3.
Verner MA, Loccisano AE, Morken NH, Yoon M, Wu H, McDougall R, Maisonet M, Marcus M,
Kishi R, Miyashita C, Chen MH, Hsieh WS, Andersen ME, Clewell HJ 3rd, Longnecker MP. 2015.
Associations of Perfluoroalkyl Substances (PFAS) with Lower Birth Weight: An Evaluation of
Potential Confounding by Glomerular Filtration Rate Using a Physiologically Based
Pharmacokinetic Model (PBPK). Environ Health Perspect 123:1317–24.
Vieira VM, Hoffman K, Shin HM, Weinberg JM, Webster TF, Fletcher T. 2013. Perfluorooctanoic
acid exposure and cancer outcomes in a contaminated community: a geographic analysis.
Environ Health Perspect 121:318–23.
Wikstrom S, Lindh CH, Shu H, Bornehag CG. 2019. Early pregnancy serum levels of
perfluoroalkyl substances and risk of preeclampsia in Swedish women. Sci Rep 9:9179.
Yang Q, Abedi-Valugerdi M, Xie Y, Zhao XY, Möller G, Dean Nelson B, DePierre JW. 2002.
“Potent suppression of the adaptive immune response in mice upon dietary exposure to the
C-61

potent peroxisome proliferator, perfluorooctanoic acid.” International Immunopharmacology
2:389–97.
Zeng XW, Bloom MS, Dharmage SC, Lodge CJ, Chen D, Li S, Guo Y, Roponen M, Jalava P,
Hirvonen MR, Ma H, Hao YT, Chen W, Yang M, Chu C, Li QQ, Hu LW, Liu KK, Yang BY, Liu S, Fu C,
Dong GH. 2019. Prenatal exposure to perfluoroalkyl substances is associated with lower hand,
foot and mouth disease viruses antibody response in infancy: Findings from the Guangzhou
Birth Cohort Study. Sci Total Environ 663:60–7.

C-62

