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Systematic Review Protocol for the PFBA, PFHxA, PFHXS, PFNA, and PFDA IRIS Assessments

1.INTRODUCTION

Per- and polyfluoroalkyl substances (PFAS) are a large class of synthetic (man-made)
chemicals widely used in consumer products and industrial processes. The basic structure of PFAS
consists of a carbon chain surrounded by fluorine atoms, with different chemicals possessing
different end groups (see examples in Section 2.1.1); thousands of distinct PFAS exist in commerce.
To help address this complex issue, the Environmental Protection Agency (EPA) is taking a
proactive approach. Specifically, the development of human health toxicity assessments for
exposure to individual PFAS represents only one component of the broader PFAS action plan

underway at the EPA (https://www.epa.gov/pfas/epas-pfas-action-plan). The five toxicity

assessments being developed according to the scope and methods outlined in this protocol build
upon several other PFAS assessments that have already been developed (see Section 2.1.7).

This protocol document presents the methods for conducting the systematic reviews and
dose-response analyses for assessments of perfluorodecanoic acid (PFDA), perfluorononanoic acid
(PFNA), perfluorohexanoic acid (PFHxA), perfluorohexanesulfonic acid (PFHxS), and
perfluorobutanoic acid (PFBA), and their related salts (see Figure 2-1). This includes a summary of
why these specific PFAS were prioritized for evaluation, description of the objectives and specific
aims of the assessments, draft populations, exposures, comparators, and outcomes (PECO) criteria,
and identification of key areas of scientific complexity. This assessment protocol was posted on the

Integrated Risk Information System (IRIS) website (https://cfpub.epa.gov/ncea/iris2 /atoz.cfm) for

a 45-day comment period in November 2019. Public input received on the protocol is considered
during preparation of the draft assessments, and any adjustments made to the protocol are
reflected in this updated version (see Section 12 for a detailed protocol history). The literature
search results for these five PFAS will also be posted to the Health and Environmental Research
Online (HERO) database? (the literature search results will be regularly updated during draft

development and the subsequent stages of assessment review).

2PFBA: https://hero.epa.gov/hero/index.cfm/project/page/project id/2632
PFHXA: https://hero.epa.gov/hero/index.cfm/project/page/project id/2628
PFHXS: https://hero.epa.gov/hero/index.cfm/project/page/project id/2630
PFNA: https://hero.epa.gov/hero/index.cfm/project/page/project id/2633
PFDA: https://hero.epa.gov/hero/index.cfm/project/page/project id/2614.
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2.SCOPING AND PROBLEM FORMULATION
SUMMARY

2.1. SUMMARY OF BACKGROUND INFORMATION

Section 2.1 provides a summary of background information for contextual purposes only.
These brief overviews emphasize reviews and other summary information (e.g., in public
databases) and are not intended to be comprehensive descriptions of the available information. In
addition, the information in this section (developed in 2019-2020) is not updated and thus may not
represent the current state of the science at the time of review. The reader is encouraged to refer to
the source materials and other updated information for current PFAS-specific details. The

information in this section is not recommended for use in decision making.

2.1.1. Chemical and Physical Properties

Perfluorodecanoic acid (PFDA; CASRN 335-76-2), perfluorononanoic acid (PFNA;
CASRN 375-95-1), perfluorohexanoic acid (PFHxA, CASRN 307-24-4), perfluorohexanesulfonic acid
(PFHxS, CASRN 355-46-4), and perfluorobutanoic acid (PFBA, CASRN 375-22-4), and their related
salts, are all PFAS. Section 2.2 (“Scoping Summary”) outlines the rationale for why these PFAS were

prioritized for assessment. No single, consensus definition of PFAS exists. Buck et al. (2011)

defined PFAS as fluorinated substances that “contain 1 or more C atoms on which all the H
substituents (present in the nonfluorinated analogues from which they are notionally derived) have
been replaced by F atoms, in such a manner that they contain the perfluoroalkyl moiety (CnF2n+17).”
The definition in the EPA Chemistry Dashboard, which (as of late 2019) yields over 6,600 PFAS
structures (https://comptox.epa.gov/dashboard/chemical lists/PFASTRUCT), includes all
substances for which “the structure contains the substructure RCF2CFR'R” (R cannot be H)”; the
Dashboard defines this substructure as “general enough to encompass the largest set of structures
having sufficient levels of fluorination to potentially impart PFAS-type properties.” Regardless of
the definition used, the PFAS being assessed in association with this protocol are members of a
subset of PFAS called perfluoroalkyl acids (PFAAs; PFOA and PFOS are also members), which
consist of a carbon backbone (typically 4-14 C atoms) that is fully fluorinated and bonded to a

charged functional group [e.g., carboxylic acid, sulfonic acid, or phosphonic acid; Lau et al. (2007]].
More specifically, PFDA, PFNA, PFHxA, and PFBA are classified as perfluoroalkyl carboxylic acids
(PFCAs), and PFHxS is a perfluoroalkane sulfonic acid [PFSA; OECD (2015)]. PFCAs containing
seven or more perfluorinated carbon groups and PFSAs containing six or more perfluorinated
carbon units are considered long-chain PFAS (ATSDR, 2018; OECD, 2015; Buck et al., 2011). Thus,
PFDA, PFNA, and PFHxS are considered long-chain, and PFHxA and PFBA are short-chain. To

This document is a draft for review purposes only and does not constitute Agency policy.
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simplify the terminology used throughout this protocol and the subsequent assessments, PFBA,
PFHxA, PFHxS, PFNA, and PFDA (and their salts) are referred to using the broad and more
recognizable term, PFAS, rather than using the more specific terms PFAAs, PFSAs, or PFCAs. The
chemical structures of PFDA, PFNA, PFHxA, PFHxS, and PFBA, and their related salts are shown in
Figure 2-1 (along with their CASRNs), and estimated or experimental values for their
physiochemical properties are provided in Table 2-1. Importantly, these values are intended for
general context and may no longer be accurate or current at the time of review and should not be
used for any purpose other than conveying generalities around physicochemical properties. For
example, even though the logP may be difficult to predict, the possibility that PFAS exist in the
ionized and nonionized (Beesoon et al., 2012) form cannot be ignored and understanding the PFAS

dissociation and partitioning constants are important for understanding how PFAS interact with

the environment.

This document is a draft for review purposes only and does not constitute Agency policy.
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Figure 2-1. Chemical structures of the per- and polyfluoroalkyl substances
(PFAS) being assessed.

Table 2-1. Predicted or experimental physiochemical property values for the
per- and polyfluoroalkyl substances (PFAS) being assessed (see
https://comptox.epa.gov/dashboard

PFDA + salts PFNA + salts PFHXA | PFHxS + salts | PFBA + salts
Property NH;* | Na NH,* Na K NH,*
(unit) PFDA? | salt® | salt® | PFNAY| salt® | salt’ | PFHxA® | PFHxS" | salt' | PFBA! | salt*
Molecular wt. 514 531 536 464 481 486 314 400 438 214 230
(g/mol)
Melting pt. (°C) 82.0 | 82.6%|84.4* | 68.2 77.8* | 80.8* 12.2 190 273 -17.9 | -13.9
*

This document is a draft for review purposes only and does not constitute Agency policy.
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PFDA + salts PFNA + salts PFHXA | PFHXxS + salts | PFBA + salts

Property NH;* | Na NHz* Na K NH*
(unit) PFDA? | salt® | salt® | PFNAY| salt® | salt’ | PFHxAE | PFHxS" | salt’ | PFBAI | salt
Boiling pt. (°C) 198 212* | 212%* 213 193* 193* 157 246 303* 121 | 121*%

Density (g/cm?) | 1.79% | 1.76* | 1.76* | 1.78* | 1.75* | 1.75* | 1.69* | 1.84* | 1.84* | 1.65 |1.68*

Vapor pressure 1.53x [2.39x[2.39x| 8.72x | 897x | 897x | 9.08x | 8.10x | 819x | 164 |21.7*

(mm Hg) 103 | 10%* | 1072* | 10 | 1072* | 107%* 107! 10°° 1079*
Henry’s law 150x |1.50%x|1.50x%x| 1.18 x | 1.18 x | 1.18 x | 2.35x | 1.94x | 1.94x |5.01x |5.01 x
constant 10710% | 10710% | 10710% | 107%* | 107°* | 107°* | 107%* | 10710* | 10710* | 1075* | 107>*

(atm-m3/mol)

Water solubility 5.25x | 1.86* | 1.86* | 2.80x | 1.68* | 1.68* | 9.34x | 6.08x | 2.13x |2.09 x |6.86 x

(mol/L) 1073 1073* 10°° 107 107* | 107 | 107*
pKa -0.17* | ND ND |-0.17* ND ND -0.16 | -3.45* ND 0.08* | ND
LogP 7.32* | 7.11* | 6.84* | 3.54 | 6.62* | 5.78* 2.85 2.20 2.71* | 1.43 |2.85*

Soil adsorption 397* | 397* | 397* | 2,830* | 2,830* | 2,830* | 1,070* | 2,300* | 2,300* | 88.9* | 88.9*
coefficient (L/kg)

Bioconcentration 49.3 |29.8*|29.8% | 165* | 4.95* | 4.95*% | 49.3* 175* 271* | 6.67* | 5.49*
factor

K = potassium; ND = no data; NH4* = ammonium; Na = sodium; pt. = point; wt. = weight. *Predicted value.

All values are median or average experimental values (when available), or median or average predicted values.

All values from the EPA CompTox Chemicals Dashboard (https://comptox.epa.gov/dashboard/) were accessed on
December 16, 2020. It is recommended that values used for any purpose be reacquired to be up to date.

2CASRN 335-76-2. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = PFDA) for all values except pKa
(ATSDR, 2018); [Note: other pKa estimates of <1.6 and 2.58 (older estimate) have been reported; see
https://echa.europa.eu/documents/10162/1f48372e-97dd-db9f-4335-8cec7ae55eee].

PCASRN 3108-42-7. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 3108-42-7) for all values.

‘CASRN 3830-45-3. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 3830-45-3) for all values.

4CASRN 375-95-1. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = PFNA) for all values except pKa
(NLM, 2013); [Note: other pKa estimates of <1.6 and 0.82 (older estimate) have been reported; see
https://echa.europa.eu/documents/10162/1f48372e-97dd-db9f-4335-8cec7ae55¢eee].

€CASRN 4149-60-4. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 4149-60-4) for all values.

fCASRN 21049-39-8. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 21049-39-8) for all values.

8CASRN: 307-24-4. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 307-24-4) for all values except pKa
(NLM, 2016).

PCASRN 355-46-4. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 355-46-4) for all values except pKa:
https://echa.europa.eu/documents/10162/1f48372e-97dd-db9f-4335-8cec7ae55¢eee.

'CASRN 3871-99-6. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 3871-99-6) for all values.

ICASRN 375-22-4. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 375-22-4) for all values except pKa
(ATSDR, 2018).

KCASRN 10495-86-0. U.S. EPA (2018a) CompTox Chemicals Dashboard (search = 10495-86-0) for all values.

2.1.2. Sources, Production, and Use

PFAS are synthetic (man-made) compounds that have been used since the 1940s in

consumer products and industrial applications because of their resistance to heat, oil, stains,
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grease, and water. They have been used in stain-resistant fabrics for clothing, carpets, and
furniture; nonstick cookware; food packaging (e.g., popcorn bags, and fast-food containers); and
personal care products [e.g., dental floss, cosmetics, and sunscreen; ATSDR (2018)]. Some PFAS
have also been used in firefighting foam and as industrial surfactants, emulsifiers, wetting agents,
additives, and coatings, and in the aerospace, automotive, building, and construction industries to

help reduce friction (ATSDR, 2018). Because of the widespread use of PFAS and their persistence in

the environment, most people in the United States have been exposed to them (see

https://www.epa.gov/pfas/epas-pfas-action-plan for additional details). Although not exhaustive,

the bulleted list below provides some examples of how the five PFAS of interest have been used:

o PFDA has been used in stain and grease-proof coatings on food packaging, furniture,
upholstery, and carpet (Harbison et al., 2015), and as a lubricant, wetting agent, plasticizer,
and corrosion inhibitor (Keml, 2015).

o PFNA has been used as a processing aid in the production of fluoropolymers, primarily
polyvinylidene fluoride (PVDF), which is a plastic designed to be temperature resistant and
chemically nonreactive (NJDWQI, 2017; Prevedouros et al., 2006). It has also been used in
aqueous film-forming foam (AFFF) for fire suppression (Laitinen et al., 2014).

o PFHxA is not currently a commercial product; it is a breakdown product of “stain- and
grease-proof coatings on food packaging and household products” (NTP, 2018b).

o PFHxS has been used as a surfactant to make fluoropolymers, and in water- and
stain-protective coatings for carpets, paper, and textiles (NTP, 2018a). It may also be
present in certain industrial and consumer products, such as “food-contact papers,
water-proofing agents, cleaning and polishing products either for intentional uses (as
surfactants or surface protection agents) or as unintentional impurities from industrial
production processes” (Norwegian Environment Agency, 2018). It has also been used in
AFFF for fire suppression (Laitinen et al., 2014).

e PFBA is a breakdown product of other PFAS that are used in stain-resistant fabrics, paper
food packaging, and carpets; it was also used for manufacturing photographic film (MDH,
2009).

The U.S. Environmental Protection Agency (EPA) has been working with companies in the
fluorochemical industry since the early 2000s to phase out the production and use of long-chain

PFAS (https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-

and-polyfluoroalkyl-substances-pfas). Although production of long-chain PFAS in Western Europe

and Japan has declined (OECD, 2015), their production in emerging economies in Asia (China and
India) has increased (OECD, 2015). Given the past production and use of these PFAS in some

regions, and the increased production and use in others, PFAS have been and are being released to

the environment through various waste streams (NLM, 2016, 2013). Also, because precursor

products (e.g., fluorotelomer alcohols) or products containing PFAS are still in use, they continue to
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be a source of environmental PFAS contamination through their disposal and subsequent

breakdown into PFAS in the environment (Kim and Kannan, 2007).

Chemical reporting data (CRD) on production volumes are not available in EPA’s ChemView
(U.S. EPA, 2019a) for PFDA, PFNA, PFHxA, PFHxS, PFBA, or their salts. Also, because there are no

requirements to report releases to the environment from facilities manufacturing, processing, or

otherwise using PFAS, quantitative information is not available in EPA’s Toxics Release Inventory
[TRI; ATSDR (2018); U.S. EPA (2019a)].

2.1.3. Environmental Fate and Transport

PFAS are very stable and persistent in the environment (ATSDR, 2018), and many are found

worldwide in the air, water, and soil and in the tissues of plants, animals, and humans

(https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-and-

polyfluoroalkyl-substances-pfas). They have been detected at a variety of sites, including private

and federal facilities, and have been associated with various sources, including AFFF,
chrome-plating facilities, PFAS manufacturers, and industries that use PFAS [e.g., textiles; ATSDR
(2018)]. The environmental fate and transport of PFAS potentially includes releases to air to soil
and surficial water bodies which can then lead to migration to subsurface soils and ground water
contamination [Guelfo et al. (2018); https://www.atsdr.cdc.gov/pfas/index.html].

Some PFAS (PFNA, PFHxA, PFHxS) released to air are expected to exist solely in the vapor
phase given their vapor pressures (NLM, 2017, 2016, 2013; Kim and Kannan, 2007), although
particle-bound concentrations have also been measured for PFNA and PFDA (Kim and Kannan,
2007). Although vapor-phase PFAS are not susceptible to direct photolysis by sunlight (NLM, 2017,
2016, 2013) and are generally resistant to photo-oxidation (ATSDR, 2018), they can be degraded by
reaction with photochemically produced hydroxyl radicals (NLM, 2017, 2016, 2013). The
atmospheric half-life for these reactions is estimated to be 31 days for PFNA and PFHxA, and
115 days for PFHxS (NLM, 2017, 2016, 2013). Long-range atmospheric transport of PFAS is

possible, as indicated by the detection of PFHxS in remote arctic and marine air samples (NLM,

2017). Wet and dry deposition are potential removal processes for particle-bound PFAS in air
[e.g., to surface water or soil; ATSDR (2018)]. Standardized analytical methods for measuring these
five PFAS in ambient air is an area of ongoing research.

In soil, the mobility of PFAS will vary depending on their soil adsorption coefficients (see
Table 2-1), with PFNA predicted to be the least mobile and PFBA the most mobile of the five PFAS
addressed here. Volatilization of PFNA, PFHxA, and PFHxS from moist soil is not expected to be an
important transport process (NLM, 2017, 2016, 2013). Uptake of soil PFAS to plants can occur
(ATSDR, 2018). Yoo etal. (2011) estimated grass-soil accumulation factors (grass concentration
divided by soil concentration) of 3.4, 0.12, and 0.10 for PFHxA, PFNA, and PFDA, respectively, based
on samples collected from a site with bio-solids-amended soil. Zhao et al. (2016) observed that

shorter chain PFAS like PFBA were transported more readily from the roots to the shoots of wheat

plants than longer chain PFAS.
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