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THE ILLINOIS ENVIRONMENTAL PROTECTION AGENCY’S PRE-FILED
ANSWERS TO THE PFAS REGULATORY COALITION’S QUESTIONS

The Illinois Environmental Protection Agency (“lllinois EPA” or “Agency”), by and
through its attorneys, and pursuant to the Illinois Pollution Control Board’s (“Board”) Notice of
Hearing dated January 13, 2022, submits the following Pre-filed Answers to the PFAS Regulatory
Coalition’s (“PFAS RC” ) Questions for hearings scheduled on March 9-10, 2022.

PFAS RC Question 1
Can you explain why the proposed standards for PFAS substances are orders of magnitude more
stringent than the first version of the proposed standards, which were released in December 20197

Agency Answer 1

Please refer to Attachment 3 of the Agency’s filing dated December 7, 2021, pages 4,093 — 4,094,
for the Outreach document regarding the sources and calculations for the PFAS groundwater
quality standards recommended for proposal in December 2019. The standards proposed
originally were based on protection from adverse effects for an average adult.

In response to stakeholder comments expressing concerns that more sensitive populations may
have adverse effects from ingesting PFAS, the Agency proposed to update the exposure factors to
be protective of children ages 0 to 6 years old in Part 620’s Appendix A Human Threshold
Toxicant Advisory Concentration (“HTTAC”) calculation. Please refer to Attachment 4,
beginning on page 4,939, of the Agency’s December 7, 2021, filing, which is the May 26, 2021,
Outreach document. The document discusses proposed updates to exposure factors from an
average adult to a child from age 0 to 6 years old for the HTTAC calculation. The current proposed
standards are protective of children from adverse health effects due to the ingestion of PFAS-
contaminated water. The new exposure factors in the HTTAC calculation affects the groundwater
quality standards of 30 constituents listed in Part 620, including PFBS, PFHXS, PFNA, and PFOS.
Carol Hawbaker pre-filed testimony discusses the proposal to update the HTTAC calculation to
account for the protection of children on pages 5 — 6 (pages 45 — 46 of the Agency’s December 7,
2021, filing).

In addition, between the December 2019 and May 2021, Illinois EPA reviewed a carcinogen
toxicity value published by California EPA Office of Environmental Health Hazards Assessments
(“*OEHHA) for PFOA, which is listed as a 2B carcinogen by World Health Organization's
International Agency for Research on Cancer (“IARC”). OEHHA is a ranked Tier 3 toxicity



source within USEPA’s accepted toxicity hierarchy. The OEHHA PFOA toxicity document is
included as Attachment 1D 6, beginning on page 2,262, of the Agency’s December 7, 2021, filing.
To meet the requirements at Part 620.605(b)(2), Illinois EPA utilized the oral slope factor
carcinogen toxicity value (SFo) to calculate a Human Nonthreshold Toxicant Advisory
Concentration (“HNTAC?”) as the proposed groundwater quality standard. The calculated PFOA
HNTAC of 0.0000006 mg/L (0.6 ng/L) is less than the LCMRL for PFOA; therefore, pursuant to
Part 620.605(b)(2), the Illinois EPA selected the LCMRL of 0.000002 mg/L (2 ng/L) as the
proposed PFOA groundwater quality standard.

Further, in April 2021, USEPA updated its Provisional Peer-Reviewed Toxicity Value (“PPRTV”)
for PFBS, reducing its previously recommended RfD from 2E-02 mg/kg-day to 3E-04 mg/kg-day.
The April 2021 PPRTV toxicological profile for PFBS is included in the Agency’s December 7,
2021, filing as Attachment 11 12, beginning on page 4,471.

Finally, in October 2021, USEPA Office of Water issued its final toxicological profile for HFPO-
DA (“GenX”), recommending an RfD of 3E-06 mg/kg-day. USEPA Office of Water toxicity
values are considered a Tier 3 unranked source; therefore, the Agency chose to utilize the value
for calculating a groundwater quality standard for the constituent. The HFPO-DA toxicological
profile is included in the Agency’s December 7, 2021, filing as Attachment 1D 7, beginning on
page 2,333.

The table below compares the December 2019 draft PFAS groundwater quality standards to the
values proposed in the Part 620 amendments:

December December Part 620 | Part 620

2019  Draft | 2019  Draft | Proposed Proposed

Standard Standard Standard Standard
CASRN | Constituent (mg/L) (ng/L) (mg/L) (ng/L)
375-73-5 | PFBS 0.14 140,000 0.0012 1,200
355-46-4 | PFHxS 0.00014 140 0.000077 77
375-95-1 | PFNA 0.000021 21 0.000012 12
335-67-1 | PFOA 0.000021 21 0.000002 2
1763-23-1 | PFOS 0.000014 14 0.0000077 7.7
13252-13- | HFPO-DA
6 (GenX) 0.000012 12

PFAS RC Question 2

Did you consider the comments on that first version of the proposed PFAS standards, including
those submitted by the PFAS Regulatory Coalition? If so, please explain how you considered and
addressed each of the specific comments that were submitted.

Agency Answer 2

The Agency reviewed all comments submitted for Outreach, including those submitted by the
PFAS Regulatory Coalition. The Illinois EPA would like to clarify that Part 620 standards are
groundwater quality standards, not drinking water standards. Part 620 is governed by 415 ILCS
55, the Illinois Groundwater Protection Act. Class | groundwater quality standards are intended
to preserve potability in groundwater and protect Illinois residents from adverse effects from using



groundwater as a potable resource. Carol Hawbaker’s pre-filed testimony discusses the basis for
utilizing ATSDR as a toxicity source; and the recognition of more recent PFAS toxicity studies
that have resulted in the documentation of adverse effects occurring at lower levels of exposure
than determined by older studies.

PFAS RC Question 3

A second version of the proposed PFAS standards was released by IEPA in May 2021. Did you
consider the comments on that second version, including those submitted by thePFAS Regulatory
Coalition? If so, please explain how you considered and addressed each of the specific comments
that were submitted.

Agency Answer 3

The Agency reviewed all comments submitted for Outreach, including those submitted by the
PFAS Regulatory Coalition. As stated above, the Illinois EPA would like to clarify that the Part
620 standards are groundwater quality standards, not drinking water standards. Part 620 is
governed by 415 ILCS 55, the Illinois Groundwater Protection Act. Class | groundwater quality
standards are intended to preserve potability in groundwater and protect Illinois residents from
adverse effects from using groundwater as a potable resource. Carol Hawbaker’s pre-filed
testimony discusses the basis for utilizing ATSDR as a toxicity source; and the recognition of more
recent PFAS toxicity studies, including studies on carcinogenicity that have resulted in the
documentation of adverse effects occurring at lower levels of exposure than previous studies. In
addition, USEPA Office of Water has submitted draft updated toxicity studies for peer review that
recognize new toxicological data published since 2016 when USEPA first issued health advisory
levels for PFOA and PFOS. Both Outreach documents submitted to stakeholders, which are the
subject of Questions 2 and 3, can be found in the Agency’s December 7, 2021, filing as
Attachments 3 and 4, beginning on page 4,903.

PFAS RC Question 4
For each of the proposed PFAS standards, please explain exactly how you calculated theproposed
standards, including how the risks to different organs were added together to yield the final values.

Agency Answer 4

Illinois EPA calculated the standards using the proposed methods and exposure factors provided
in Part 620 Appendix A. The PFBS, PFHxS, PENA, and PFOS proposed groundwater quality
standards are based on noncancer effects using the HTTAC calculation, proposed child exposure
factors, chemical-specific RfDs, and default relative source contribution (“RSC”) values of 20%.
The PFOA groundwater quality standard is based on cancer toxicity using the HNTAC calculation
with proposed exposure factors for both early life exposure and adult exposure. Refer to
Attachment 1G 1, beginning on page 3,143, depicting the equations and default parameters used
in the calculations, and Attachment 11 1, beginning on page 3,236, for chemical-specific factors
used in the calculations. Both attachments are located in the Agency’s December 7, 2021, filing.
The groundwater quality standards for PFAS are based on individual values and are not added to
together to yield final values.



PFAS RC Question 5

USEPA'’s current Lifetime Drinking Water Health Advisory level for PFOA and PFOS is70 parts
per trillion, which is a preliminary remediation goal for contaminated groundwater that is a
current or potential source of drinking water. Can you explain whyyou rejected use of that Health
Advisory Level for Illinois groundwater?

Agency Answer 5

More recent toxicity studies have demonstrated adverse effects at lower dose concentrations.
Consistent with past practices, the Agency relies in the most current data available from the toxicity
hierarchy.

PFAS RC Question 6
Don’t Hllinois regulations require IEPA to use USEPA reference oral doses in derivingstandards
when there is no EPA-set Maximum Contaminant Level Goal (MCLG)?

a) Ifso, then for PFOS, why did you use a value from the Agency for ToxicSubstances Disease
Registry (ATSDR) instead?

b) Are you aware of differences between ATSDR’s method for deriving values as opposed to
EPA’s method? Have you considered those differences in deciding torely on an ATSDR
value?

Agency Answer 6

Please refer to page 47 of the Illinois EPA document filed December 7, 2021 (page of 6 of the
Carol Hawbaker testimony), discussing the basis for the selection of toxicity values for Part 620.
ATSDR values are included in the umbrella of “USEPA Verified Oral Refence Doses,” per Part
620 Appendix A(b)(2); USEPA uses ATSDR within its toxicity hierarchy and in developing
Regional Screening Levels.

PFAS RC Question 7
For PFOA, is it true that EPA has not declared that this substance is a carcinogen? If that’s so,
then why are you basing the standard on cancer risk?

Agency Answer 7
Part 620.110 defines a “carcinogen” as meaning:

“a contaminant that is classified as a Category Al or A2
Carcinogen by the American Conference of Governmental
Industrial Hygienists; or a Category 1 or 2A/2B carcinogen by the
World Health Organization's International Agency for Research on
Cancer; or a "Human carcinogen” or "Anticipated Human
Carcinogen™ by the United States Department of Health and Human
Service National Toxicological Program; or a Category A or B1/B2
Carcinogen by the United States Environmental Protection Agency
in Integrated Risk Information System or a Final Rule issued in a
Federal Register notice by the USEPA. [415 ILCS 5/58/.2]



In 2017, the World Health Organization's International Agency for Research on Cancer (“IARC”)
classified PFOA a “2B carcinogen”. Therefore, PFOA meets Illinois’s definition of a carcinogen.

PFAS RC Question 8
For PFOA, why are you using a California study of cancer risk? Are you aware of comments that
have been submitted to the State of California, questioning the scientific basis for that study?

Agency Answer 8

Illinois EPA is proposing a carcinogen groundwater quality standard to meet the requirements of
Part 620.601(c) and 605(b). Please refer to page 47 of the Agency’s December 7, 2021, filing
(page of 6 of the Carol Hawbaker testimony), discussing the basis for the selection of toxicity
values for Part 620. Illinois EPA is aware of comments submitted to the State of California;
however, following review of the comments in 2019, California proceeded to finalize the oral slope
factor used to calculate the PFOA groundwater quality standard. The California OEHHA
Notification Level Recommendations Document is located in the Agency’s December 7, 2021,
filing, beginning on page 2,262.

PFAS RC Question 9

Comments submitted by the PFAS Regulatory Coalition to the State of California are attached as
Exhibit 1. Have you considered the issues set forth in those comments? If not, why not? If so, do
they change your assessment of whether and how the California study should be used by Illinois?

Agency Answer 9

The attachment is dated October 28, 2021 and was not submitted to Illinois EPA as part of
Outreach comments. In addition, the comments were submitted to the State of California,
responding to a first public review draft document, dated July 2021, recommending Public Health
Goals (“PHGs”) for PFOA and PFOS, and proposes updates to the PFOA and PFOS toxicity values
finalized in December 2019. The July 2021 draft document precipitating the attached comments
is not a final document, and, as such, the values recommended in the draft are not being utilized
by Illinois EPA. The July 2021 draft Public Review document is attached. See Attachment 1.

PFAS RC Question 10

One of the five PFAS proposed standards, for PFBS, was based on a different type of value than
the others — an EPA-derived Provisional Peer-Reviewed Toxicity Value (PPRTV). This set of
values is scientifically preferred, and the PFBS value is significantly less stringent than the other
proposed PFAS values. What does that tell youabout the scientific validity of the other values? If
they were based on PPRTVs, might they be less stringent as well?

Agency Answer 10

The oral reference dose recommended by PPRTV for PFBS is calculated with benchmark dose
(“BMD”) modeling, without the use of physiologically-based pharmacokinetic (“PK”) parameters,
due to the lack of such parameters for PFBS. The dose MRLs recommended by ATSDR for
PFHXxS, PFNA, PFOS, and PFOA (when considering noncancer effects) utilize PK modeling in
the development of each respective dose MRL. USEPA allows the use of both methods for
deriving oral reference doses. The PFOA and PFOS RfDs developed by USEPA Office of Water
for calculating the 2016 Health Advisory levels utilized PK models.



PFBS is a shorter-chain PFAS when compared to PFHXS, PFNA, PFOA, and PFOS. PFBS has a
four-carbon chain, PFHxS has a six-carbon chain, PFOA and PFOS have 8-carbon chains, and
PFNA has a 9-carbon chain. Longer-chain PFAS generally cause adverse effects at lower doses,
as they are more likely to bioaccumulate, or build up, in an organism, resulting in longer half-lives.
Longer half-lives result in higher toxicity and lower reference doses.

PFAS RC Question 11

Are there approved EPA test methods for PFAS in groundwater, or any other media other than
drinking water? Even if not approved, are there any validated test methods for PFAS in
groundwater, or any other media other than drinking water?

Agency Answer 11
Yes. SW-846 Method 8327.

PFAS RC Question 12

If there are no validated and approved test methods available for PFAS in groundwater,how can
anyone have confidence in the validity of test results that are used to assess compliance with the
new groundwater standards?

Agency Answer 12
Please see Agency Answer 11.

PFAS RC Question 13
Has IEPA assessed potential treatment and disposal options for groundwater that is found to
have PFAS levels above the proposed standards? If so, what are IEPA’s conclusions?

Agency Answer 13
The assessment of treatment and disposal options is beyond the scope of the Part 620
amendments.

PFAS RC Question 14

Under the Board’s enabling legislation, it is required to take into account “the technical
feasibility and economic reasonableness of reducing the particular type of pollution.” 415
ILCS 5/27(a). How has IEPA considered those factors as to the proposed PFAS standards?

Agency Answer 14
Please see Section VI, Technical Feasibility and Economic Reasonableness, in the Agency’s
December 7, 2021 Statement of Reasons.

PFAS RC Question 15

Won’t the groundwater standards, when finally adopted, be used in imposing remediation
requirements for sites in Illinois that are found to have PFAS levels above the standards? If so,
has IEPA determined the possible remediation costs?



Agency Answer 15

Groundwater standards may be used as triggers for when remediation must be assessed,
however, the final remedial objectives will be based on site specific conditions as required by
applicable remedial programs.

PFAS RC Question 16
Has IEPA determined whether options are available for disposing of PFAS-contaminated
wastes from those remediation sites?

Agency Answer 16
Assessment of disposal alternatives is beyond the scope of the Part 620 amendments.

PFAS RC Question 17

Has IEPA considered what the background levels of PFAS are in the environment? If so,has
IEPA compared those levels to its proposed standards, to determine if the standards specify
lower levels than are present in the environment in areas without known sources?

Agency Answer 17

Part 620 does not and should not consider “what the background levels of PFAS are in the
environment”, because it is highly unlikely that the existing concentration of PFAS is the same
everywhere in the State. What Part 620 does, is establishes points where compliance with the
groundwater quality standards must be measured as described in Section 620.505 and Section
620.240. Since compliance with Part 620 down gradient of an activity cannot be assessed
without up gradient wells, site specific background relative to any monitored activity would be
measured. How an up gradient (background) concentration is compared to down gradient
(compliance) concentration is contained in program specific requirements and is not contained
within Part 620 for PFAS or any other contaminant.

PFAS RC Question 18
Does IEPA intend to require regulated parties to reduce PFAS levels below those that are
present in the environment in areas without known sources? Is that even possible?

Agency Answer 18
No. Please see the Agency’s Response to PFAS Regulatory Coalition Question 17.
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FIRST PUBLIC REVIEW DRAFT

PREFACE

Public Health Goal (PHG) technical support documents provide information on health effects
from contaminants in California drinking water. PHGs are developed for chemical contaminants
based on the best available data in the scientific literature and using the most current principles,
practices, and methods used by public health professionals. These documents and the
analyses contained therein provide estimates of the levels of contaminants in drinking water that
would pose no significant health risk to individuals consuming the water on a daily basis over a
lifetime.

Under the California Safe Drinking Water Act of 1996 (Health and Safety Code, Section
116365), the Office of Environmental Health Hazard Assessment (OEHHA) develops PHGs for
drinking water contaminants in California based exclusively on public health considerations.
OEHHA periodically reviews PHGs and revises them as necessary based on the occurrence of
the respective chemical in California drinking water supplies and the availability of new scientific
data. This document presents proposed PHGs for perfluorooctanoic acid and perfluorooctane
sulfonic acid.

OEHHA is releasing this draft assessment for public comment and independent, external peer
review. OEHHA will address the comments in a second draft and will release it for further public
comment before publishing the final assessment.

PHGs published by OEHHA are for use by the State Water Resources Control Board (SWRCB)
in establishing primary drinking water standards (California Maximum Contaminant Levels, or
CA MCLs). Whereas PHGs are to be based solely on scientific and public health considerations
without regard to economic cost considerations, MCLs adopted by SWRCB consider economic
factors and technological feasibility. State law requires that MCLs be set at a level that is as
close as feasible to the corresponding PHG, placing emphasis on the protection of public health.
PHGs established by OEHHA are not regulatory and represent only hon-mandatory goals.
Under federal law, CA MCLs established by SWRCB must be at least as stringent as the federal
MCL if one exists.

Proposed Public Health Goals for OEHHA
PFOA and PFOS in Drinking Water July 2021
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List of Commonly Used Abbreviations

ACTH — adrenocorticotropic hormone
ADD - acceptable daily dose

ALP — alkaline phosphatase

ALT — alanine aminotransferase

ASF — age sensitivity factor

AST — aspartate aminotransferase
ATP — adenosine triphosphate

ATSDR — Agency for Toxic Substances and Disease Registry

AUC — area under the curve
BMD — benchmark dose

BMDL — lower 95% confidence limit of the benchmark dose

BMDS — benchmark dose software

BMI — body mass index

BMR — benchmark response

BUN - blood urea nitrogen

BW — body weight

CcAMP - cyclic adenosine monophosphate
CAR - constitutive androstane receptor
CAT - catalase

CBG - corticosteroid binding globulin
CCK - cholecystokinin

Cl — confidence interval

CL - clearance

CLr— fecal clearance

CLr—renal clearance

CORT - corticosterone

CSF — cancer slope factor

DART — developmental and reproductive toxicity
DEN - diethylnitrosamine

DNA — deoxyribonucleic acid

DW!I — daily water intake

E2 — estradiol

EDS - ethane dimethyl sulfonate

ER — endoplasmic reticulum

ERP — estrogen receptor beta

FOSE — perfluorooctane sulfonamide ethanol
fT4 — free thyroxine

FTOH - fluorotelomer alcohol

GA — gestational age

GD - gestation day

GFR — glomerular filtration rate

GGT — gamma-glutamyl transpeptidase
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GluR2 — glutamate receptor 2

GnRH — gonadotropin-releasing hormone

GSH — glutathione

GSH-Px — glutathione peroxidase

HDL — high-density lipoprotein

HPC - health-protective concentration

HR — hazard ratio

IARC — International Agency for Research on Cancer
IgE — immunoglobulin E

IgG — immunoglobulin G

IL — interleukin

IQR — interquartile range

IVIVE — in vitro to in vivo extrapolation

i.v. — intravenous

KKS — kallikrein-kinin system

KO - knockout

L/kg-day — liters per kilogram body weight per day
LCMRL - lowest concentration minimum reporting level
LDH - lactate dehydrogenase

LDL — low-density lipoprotein

LH — luteinizing hormone

LMS - linearized multistage

LOAEC - lowest-observed-adverse-effect concentration
LOAEL - lowest-observed-adverse-effect level

LXR — liver X receptor

MCL — maximum contaminant level

MCMC — Markov chain Monte Carlo

MDA — malondialdehyde

Hg/L — micrograms per liter

png/ml — micrograms per milliliter

mg/kg-day — milligrams per kilogram body weight per day
MOA — mode of action

ng/L — nanograms per liter

ng/ml — nanograms per milliliter

NHANES - National Health and Nutrition Examination Survey
NIS — sodium-iodide symporter

NK — natural killer

NL — notification level

NMDA — n-methyl-d-aspartate

NO - nitric oxide

NOAEC - no-observed-adverse-effect concentration
NOAEL - no-observed-adverse-effect level

NTP — National Toxicology Program
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OAT - organic anion transporter

OEHHA - Office of Environmental Health Hazard Assessment
8-OHdG - 8-hydroxy-2’-deoxyguanosine
OR - odds ratio

OVA — ovalbumin

P4 — progesterone

PBDE — polybrominated diphenyl ether
PBPK — physiologically-based pharmacokinetic
PCB — polychlorinated biphenyl

PCNA - proliferating cell nuclear antigen
PFAS — per- and polyfluoroalkyl substances
PFCA — polyfluorinated carboxylic acid
PFOA — perfluorooctanoic acid

PFOS — perfluorooctane sufonic acid

PHG — public health goal

PK — pharmacokinetic

PND - postnatal day

POD - point of departure

PPAR — peroxisome proliferator-activated receptor
ppb — parts per billion

ppm — parts per million

ppt — parts per trillion

PTFE — polytetrafluoroethylene

PXR — pregnane X receptor

RL — reference level

RNA - ribonucleic acid

ROS - reactive oxygen species

RR — relative risk

RSC - relative source contribution

RXR - retinoic X receptor

SDH - sorbitol dehydrogenase

SGA - small for gestational age

SIR - standardized incidence ratio

SMR - standardized mortality ratio

SOD - superoxide dismutase

SRBC — sheep red blood cells

SWRCB - State Water Resources Control Board
T2 — half-life

T3 — triiodothyronine

T4 — thyroxine

TBG - thyroxine-binding globulin
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TFE - tetrafluoroethylene
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TK — toxicokinetic

TNF-a — tumor necrosis factor alpha

TSH — thyroid stimulating hormone

tT4 — total thyroxine

TTR — transthyretin

UCMRS3 — US EPA'’s Third Unregulated Contaminant Monitoring Rule
UF — uncertainty factor

V4 — volume of distribution

WT — wild-type
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SUMMARY

For more than a half-century, perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid
(PFOS) were widely used in industrial applications and consumer products, notably, PFOA in
nonstick cookware and PFOS in stain and water-repellant fabrics and in fire-fighting foams. The
manufacture of these chemicals was phased out in the US following concerns about their
extreme persistence in the environment and their detection in virtually all human blood serum
samples. Although levels in the environment have declined from their peak around the year
2000, PFOA and PFOS continue to be present in the environment and are found in California
drinking water. Because exposure to these chemicals is so prevalent and elimination times are
so long, it is critical to understand the toxicity associated with these compounds, and their
impacts on human health.

Public Health Goals for PFOA and PFOS

Scientific studies show adverse health effects of PFOA and PFOS in people exposed at
environmental levels, and similar effects in laboratory animals. There is evidence from
epidemiologic studies that exposure to PFOA increases the risk of kidney cancer. Human
exposure to PFOA is also associated with liver and immune system toxicity and increased total
cholesterol, and there is suggestive evidence of an association with risk of preeclampsia and
pregnancy-related hypertension. PFOS is associated with immune system toxicity and
increased total cholesterol in humans, with suggestive evidence of an association with risk of
preeclampsia and pregnancy-related hypertension. The effects seen in humans are supported
by studies in laboratory animals, which show that PFOA and PFOS can cause liver toxicity,
immunotoxicity, thyroid toxicity, developmental/reproductive toxicity, and cancer.

This draft document presents proposed public health goals (PHGSs) for PFOA and PFOS in
drinking water, based on the most sensitive health effects. A PHG is the concentration of a
contaminant in drinking water that is estimated to pose no significant health risk to individuals
consuming the water on a daily basis over a lifetime. The proposed PHG for PFOA is based on
kidney cancer in humans, while the proposed PHG for PFOS is based on liver and pancreatic
tumor data from rat studies. This draft document also identifies health-protective concentrations
(HPCs) for noncancer effects of PFOA and PFOS. The dose-response data from human
studies were sufficient for derivation of the HPCs for these compounds, with the most sensitive
noncancer endpoints being liver damage for PFOA and clinically relevant increased total
cholesterol for PFOS.

Table S1 shows the proposed PHGs and HPCs for PFOA and PFOS.

Table S1. Proposed Public Health Goals and Health-Protective Concentrations

Chemical Name PHG PHG Effect(s) HPC HPC Effect

(PpY) (PpY)

. Increased risk of
Kidney cancer

Perfluorooctanoic acid 0.007 3 liver damage
(human data)
(human data)
Perfluorooctane sulfonic Cancer Increased total
. 1 . 2 cholesterol
acid (animal data)

(human data)
HPC, health-protective concentration; PHG, public health goal; ppt, parts per trillion (equivalent to
nanograms per liter or ng/L)

Proposed Public Health Goals for OEHHA
PFOA and PFOS in Drinking Water July 2021
10



FIRST PUBLIC REVIEW DRAFT

PHGs are not regulatory requirements, and are based solely on protection of public health
without regard to cost impacts or other factors. PHGs form the basis of California’s Maximum
Contaminant Levels (MCLs) for drinking water, which are established by the State Water
Resources Control Board (SWRCB), and each MCL must be set as close to the corresponding
PHG as is economically and technologically feasible. PHGs are developed for chemical
contaminants based on the best available data in the scientific literature and using the most
current principles, practices, and methods used by public health professionals, and on
comprehensive analyses of information on the toxicology of each compound.

Derivation of the PHGs and HPCs

As noted above, a number of adverse health effects have been observed in studies in humans
and laboratory animals exposed to PFOA and PFOS. The proposed PHGs are based on the
cancer endpoint because it is the most sensitive effect. PHGs are set at a level where the
cancer risk is estimated to be one per one million persons exposed over a lifetime. The PHGs,
as well as the noncancer HPCs, also include considerations of sensitive and highly exposed
populations.

The proposed PHGs and noncancer HPCs are different from the reference levels supporting the
notification levels OEHHA recommended to SWRCB in 2019.% This is due to a number of
factors, including the availability of new studies, the use of human data when possible, and
improved toxicokinetic analyses.

Systematic Literature Search

The proposed PHGs and noncancer HPCs are based on epidemiologic and laboratory animal
studies OEHHA identified through systematic literature searches described in appendices to this
document. In addition, OEHHA identified studies published before 2016 from the reference lists
of assessments published by the US Environmental Protection Agency (US EPA, 2016b; US
EPA, 2016d), the National Toxicology Program (NTP, 2016), the International Agency for
Research on Cancer (IARC, 2017a), and the Agency for Toxic Substances and Disease
Registry (ATSDR, 2018a). Finally, in 2019, OEHHA issued a data call-in to request information
from the public. For each pertinent study identified in this manner, OEHHA evaluated the
methods and quality in order to base the PHGs and noncancer HPCs on studies of sufficient
quality.

Toxicokinetic Analyses to Address Persistence in Humans

PFOA and PFOS strongly bioaccumulate in humans and to a much lesser degree in animals.
To address the issue of the persistence of PFOA and PFOS in the human body in its dose-
response analyses, OEHHA used serum concentrations as a measure of the internal exposure.
Fortunately, all the available human toxicity studies OEHHA selected to use in the dose-
response analyses report serum concentrations for PFOA or PFOS. OEHHA converted serum

1In 2019, OEHHA developed reference levels of 0.1 ppt for PFOA based on pancreatic and liver tumors
in rats and 0.4 ppt for PFOS based on liver tumors in rats. However, the cancer-based reference levels
were lower than could be reliably detected in drinking water using currently available technologies. Thus,
OEHHA recommended that SWRCB set the notification levels for PFOA and PFOS at the lowest levels
that could be reliably detected in drinking water (5.1 ppt for PFOA and 6.5 ppt for PFOS). OEHHA also
developed noncancer reference levels of 2 ppt for PFOA based on liver toxicity in mice and 7 ppt for
PFOS based on immunotoxicity in mice (OEHHA, 2019).
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levels to chronic intake doses (amount of chemical consumed per unit body weight) using
toxicokinetic (TK) approaches. In establishing human equivalent doses associated with health
effects observed in animal studies, OEHHA also used a TK approach to address the large
differential in chemical half-life between animals and humans.

OEHHA conducted an extensive review of the literature and analyzed different TK approaches
in order to select the best method to address this matter. The TK approaches OEHHA selected
for use rely on the application of a clearance factor. OEHHA conducted a comprehensive
review of the literature before it selected the most appropriate clearance value to use in its
analyses. A human clearance factor of 2.8 x 10 L/kg-day was developed for PFOA and

3.9 x 10 L/kg-day for PFOS. This improves the approach used previously (OEHHA, 2019).

PFOA Health Effects Basis for PHG and HPC

Kidney cancer in humans as the sensitive endpoint for the PHG: A large case-control study of
PFOA and kidney cancer in 10 study centers across the US was recently published by the
National Cancer Institute (Shearer et al., 2021).2 This prospective population-based study,
along with previous epidemiologic studies in an area of high environmental exposure (Barry et
al., 2013; Vieira et al., 2013) and in an occupational setting (Steenland and Woskie, 2012),
provide strong evidence that PFOA causes kidney cancer in humans. The occupational study
by Raleigh et al. (2014) did not report an association between PFOA and kidney cancer, but
used an inhalation exposure model that was not validated. Lack of information on potential
confounding, a potentially inappropriate comparison group, and limited statistical power are
other possible reasons why this study may have missed a true association. Multiple analyses
performed by the researchers of all four studies show that the positive results for kidney
cancer and PFOA are very unlikely to be due to chance. Also, evidence of dose-response
patterns, a criterion commonly used for evaluating causality, is seen in each of the four
studies, and the prospective nature of these studies assures that PFOA exposure came
before kidney cancer development, which helps rule out the possibility of reverse causality.

OEHHA performed a number of evaluations and detailed analyses on whether the biases or
problems frequently seen in epidemiologic studies could have caused the positive associations
reported. This includes evaluating potential problems related to participant recruitment and
selection, in categorizing participants’ PFOA exposure, and in classifying people with and
without kidney cancer. Overall, these analyses show that each of these issues was either very
minor or likely to have led to underestimates, rather than overestimates, of kidney cancer risk
from PFOA exposure.

A number of other factors are known to cause or are suspected to cause kidney cancer, and
these could potentially confound the relationship between PFOA and kidney cancer. The
studies used in OEHHA's dose-response analyses accounted for the most important of these
(e.g., sex, age, tobacco smoking, and being overweight or obese) with statistical adjustments or
stratified analyses. For all other factors, including the presence of other PFAS, all available
evidence shows that they were either not prevalent enough or their associations with PFOA or
kidney cancer were not strong enough to cause major confounding.

2 Paper became available online in September, 2020 at:
https://academic.oup.com/jnci/article/113/5/580/5906528
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Overall, the body of evidence on PFOA and kidney cancer from human studies meets the
modified Hill (1965) criteria that are commonly used to evaluate causality. The carcinogenicity
of PFOA in humans is supported by the results of animal cancer bioassays. A recent NTP study
in rats concluded there is “clear evidence of carcinogenic activity of PFOA” in male rats and
“some evidence of carcinogenic activity of PFOA” in female rats (NTP, 2020). It is also
supported by in vivo and in vitro mechanistic studies.

Dose-response analysis of the human kidney cancer data for the PFOA PHG: The
epidemiologic studies by Shearer et al. (2021) and Vieira et al. (2013) include data sufficient for
guantifying cancer risks. Both studies involved large sample sizes and therefore had good
statistical power to identify true effects. Both studies had a good range of PFOA exposures,
included large numbers of participants with exposure levels close to those seen in the general
US population, and adjusted or stratified for other major kidney cancer risk factors. In these two
studies, PFOA exposure was assessed using either directly measured serum PFOA levels in
each individual (Shearer et al., 2021), which are good indicators of long-term PFOA exposure,
or individual PFOA serum levels estimated using a validated exposure model (Vieira et al.,
2013). Evaluations show that the impacts of exposure misclassification from either of these
methods are likely to be mostly minor and unlikely to have caused the elevated risks reported in
either study.

The cancer slope factors derived from these studies are within about six-fold of each other. To
make maximum use of both these strong studies, the geometric mean of the cancer slope
factors, 0.0026 per ng/kg-day, is used to derive the proposed PHG of 0.007 parts per trillion
(ppt) for PFOA (Table S1).

Human liver toxicity as the basis for the noncancer HPC for PFOA: Several epidemiologic
studies provide sufficient data to derive the noncancer dose-response benchmarks for
immunotoxicity, liver toxicity and increased cholesterol health effects. The proposed noncancer
HPC for PFOA is based on an increased risk of liver toxicity, as indicated by elevated alanine
aminotransferase (ALT) levels (Gallo et al., 2012) exceeding clinically based reference levels
used by the International Federation of Clinical Chemistry and Laboratory Medicine. The study
involved residents of the Mid-Ohio Valley who lived near a chemical plant known to have
emitted PFOA into the surrounding environment, and whose ALT increased with increasing
serum levels of PFOA. This is the basis of an acceptable daily dose of 0.87 ng/kg-day and a
proposed noncancer HPC of 3 ppt for PFOA (Table S1).

PFOS Health Effects Basis for PHG and HPC

PFOS PHG based on cancer endpoint: Although there are a few epidemiologic studies that
show some association of PFOS with breast, liver, and bladder cancer, the results are mixed or
the sample sizes are small. OEHHA did not identify any epidemiologic studies of PFOS that
could be used for quantifying cancer risk in humans. Thus, the proposed PHG for PFOS is
based on cancer data in laboratory animals. The cancer slope factor of 15.6 per mg/kg-day,
derived from liver and pancreatic tumors in male rats exposed through the diet for two years
(Butenhoff et al., 2012b), is used to derive the proposed PHG of 1 ppt for PFOS (Table S1).

Increased cholesterol in humans as the basis for the noncancer HPC for PFOS: Sensitive
noncancer endpoints for PFOS are immunotoxicity and alterations in lipid metabolism. Total
cholesterol appeared to be a somewhat more sensitive endpoint, with the large study by
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Steenland et al. (2009) of residents near the West Virginia facility who drank contaminated
water and had elevated blood serum levels of PFOS. Based on the relationship in this study
between PFOS and serum lipids (Steenland et al., 2009), a point of departure for PFOS was
derived for an increased risk of elevated total cholesterol above the clinical reference level
published by the American Heart Association. This is the basis of an acceptable daily dose of
0.64 ng/kg-day and a proposed noncancer HPC of 2 ppt for PFOS (Table S1).

Evaluation of Exposure Parameters

Calculation of the PHGs entails making assumptions about the amount of water people
consume and, in the calculation of the HPCs for noncancer effects, an additional assumption
regarding the relative source contribution, that is, the proportion of exposures to a chemical
attributed to tap water as part of total exposure from all sources, including food.

Drinking water intake: OEHHA used age-specific water ingestion estimates derived from a
nationwide survey of food and beverage intake from approximately 20,000 individuals (see
OEHHA (2012)). These age-specific intake rates are normalized to body weight. This enables
addressing the higher rate of ingested water (per unit body weight) of the young. In considering
levels of water intake to assume for the PFOA and PFOS assessment, OEHHA reviewed the
literature that could inform drinking water trends and intake in California and performed a
detailed evaluation of US EPA'’s recently updated chapter on water consumption in its Exposure
Factors Handbook (US EPA, 2019) that used nationwide survey data from 2005-2010.

OEHHA found that US EPA's updated drinking water intake rates may not be representative of
California’s residents due to a number of factors such as greater numbers of jobs performed in
outdoor settings (e.g., farm work and construction) for longer periods throughout the year, and
lifestyle and recreation, which all require proper hydration, particularly in California’s hot
summer climate. Thus, OEHHA retained the peer reviewed drinking water intake rates that it
developed in 2012. A lifetime-weighted average drinking water intake rate of 0.053 L/kg-day
was used in deriving the PHGs and HPCs.

Relative source contribution for PFOA and PFOS: OEHHA applied US EPA’s Exposure
Decision Tree Approach (US EPA, 2000) and found a lack of information about sources of
exposure to support a value other than the default value of 20%. This determination is
consistent with other regulatory bodies, including US EPA, Health Canada, and the State of
New Jersey.

Conclusion

PFOA and PFOS are extremely persistent in the environment and are present in virtually all
human blood serum samples. New analyses in this assessment have improved the estimates
of clearance rates for PFOA and PFOS. Clearance in humans is much slower than in laboratory
animals, with half-lives of several years in humans versus several days in animals. There is
mounting evidence that environmental levels of PFOA and PFOS can adversely affect human
health, and studies in laboratory animals support the effects observed in humans exposed to
these chemicals through the environment. Large, well-conducted epidemiologic studies form
the basis for the proposed PHG for PFOA and HPCs for PFOA and PFOS, while a well-
conducted study in laboratory animals is the basis for the proposed PHG for PFOS.
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1. INTRODUCTION

Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (or perfluorooctane sulfonate,
PFOS) are organic acids that consist of a chain of eight carbons, where all the hydrogens on the
carbon chain have been replaced with fluorines. The two chemicals differ in that PFOA has a
carboxylic acid at one end of the carbon chain, whereas PFOS has a sulfonic acid group. Both
chemicals belong to a large class of chemicals called per- and polyfluoroalkyl substances
(PFAS), of which PFOA and PFOS are the best studied.

The strong carbon-fluorine bonds of these compounds make them resistant to biological and
environmental degradation. As such, PFAS confer stain, grease, heat, and water resistant
properties to consumer products when they are applied, which has made the commercial use of
these chemicals desirable. Historically, PFAS have been used in myriad products, including
fabrics, carpets, cookware, cleaning products, and aqueous fire-fighting foam.

Due to their resistance to biological and environmental degradation, most PFAS have long half-
lives in humans and the environment. Coupled with many industrial uses, the environmental
persistence of PFAS has resulted in widespread exposure. Even though PFOA and PFOS were
voluntarily phased out in the United States (PFOS in 2002 and PFOA by 2015), exposure to
these chemicals still occurs due to their environmental persistence, their use in imported goods,
and the use of products manufactured before the phase-out. Additionally, PFOA and PFOS can
result from the breakdown of other PFAS. PFOA and PFOS have been detected in California
drinking water, despite the absence of manufacturing of these compounds in California.
Furthermore, Biomonitoring California reports that PFOA and PFOS were found in the serum of
>99% and >97%, respectively, of participants across all study cohorts. This indicates that
exposure to these chemicals is widespread in California.

Numerous adverse health effects in humans and laboratory animals have been associated with
exposure to PFOA and PFOS, including liver toxicity, immunotoxicity, thyroid toxicity,
reproductive/developmental toxicity, effects on lipids and cholesterol, and cancer. In 2019,
OEHHA derived cancer reference levels (RLs) for PFOA and PFOS in drinking water (OEHHA,
2019).

¢ 0.1 ng/L (nanograms/liter) or parts per trillion (ppt) for PFOA, based on pancreatic and
liver tumors in male rats;
e 0.4 ng/L (or ppt) for PFOS, based on liver tumors in male rats.

OEHHA also developed RLs for noncancer effects as follows:

e 2 ng/L (or ppt) for PFOA, based on liver toxicity in female mice;
e 7 ng/L (or ppt) for PFOS, based on immunotoxicity in male mice.

OEHHA reviewed previous evaluations by US EPA (2016a, 2016b, 2016c, 2016d), New Jersey
Drinking Water Quality Institute (2017, 2018), and ATSDR (2018a) and concluded those
evaluations comprehensively and effectively identified the published literature prior to their
respective dates of publication. Thus, in deriving Public Health Goals (PHGs) for PFOA and
PFOS, OEHHA performed a systematic literature search and thoroughly evaluated human,
animal, and mechanistic toxicity studies published from 2016 onward. Additionally, OEHHA
conducted rigorous evaluations of toxicokinetics, drinking water intake rates, and the relative
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source contribution of drinking water, and used its own health risk assessment methodology

when deriving health-protective concentrations in this document.

1.1. Physical and Chemical Properties

The physical and chemical properties for PFOA and PFOS can be found in Table 1.1.1.

The structures of PFOA and PFOS can be linear or branched and formation of these structures
is dependent on the manufacturing process. Both chemicals are solid at room temperature and
have low vapor pressure. PFOA and PFOS are stable and are resistant to environmental
degradation. In solution, PFOA exists as the perfluorooctanoate anion and is a strong acid.
PFOS also exists as an anion in solution; however, pKa values can only be estimated.

Table 1.1.1. Physical and Chemical Properties of PFOA and PFOS

Perfluorooctanoic acid

Perfluorooctane sulfonic acid

(PFOA) (PFOS)
Formula CgHF 150, CgHF1703S
CAS No. 335-67-1 1763-23-1
Structure
Molecular weight (g/mole) 414.09 500.13

Physical state at ambient
temperature

White powder

White powder

Melting point (°C)

54.3 (HSDB, 2020a)
55 (US EPA, 2020)

2400 (potassium salt) (EFSA,
2008)

Boiling point (°C)

192 (HSDB, 2020a)
189 (US EPA, 2020)

249 (HSDB, 2020b)

258-260 (US EPA, 2016b; US
EPA, 2016d)

Density (g/cm?)

1.792 (20 °C) (HSDB, 2020a)

No data

Solubility in water (mg/L)

3,300 (25 °C) (HSDB, 2020a)

680 (OECD, 2002)

570 (potassium salt in pure
water) (ATSDR, 2021)

519 (20 + 0,5°C) (EFSA, 2008)
680 (24 - 25°C) (EFSA, 2008)

Vapor pressure (mm Hg)

0.525 at 25 °C (measured)
(Hekster et al., 2003)

0.962 at 59.25 °C (measured)
(Kaiser et al., 2005)

2.0 x10°2 at 25 °C estimated US
EPA EPI Suite) (HSDB, 2020b)
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Perfluorooctanoic acid
(PFOA)

Perfluorooctane sulfonic acid
(PFOS)

Henry’'s Law constant
(atm. m3/mol)

9.08 x 102 (25 °C, estimated
US EPA EPI Suite) (HSDB,
2020a)

4.1 x 10 (25 °C, estimated US
EPA EPI Suite) (HSDB, 2020b)

3.05 x 10 atm. m*mol pure
water (potassium salt) (EFSA,
2008)

4.81 (estimated US EPA EPI
Suite) (HSDB, 2020a)

4.49 (estimated US EPA EPI
Suite) (HSDB, 2020b)

2.5, 2 to 3 (Prevedouros et
al., 2006)

Log Kow Ammonium
perfluorooctanoate (APFO):
0.7 (EFSA, 2008)
20.5-4.2 (HSDB, 2020a) <1.0 (estimated) (HSDB,
N 2.8 (US EPA, 2016b) 2020b)
Acidity, pKa -3.3 (calculated value for acid)

(Brooke et al., 2004)
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2. METHODOLOGY
Development of a PHG for a chemical in drinking water entails a four-part process.
2.1. Systematic Literature Search and Toxicological Evaluation

The toxicological evaluation of a chemical starts with a review of the available literature. A
systematic literature search is conducted, using a comprehensive search string and multiple
scientific databases (Pubmed, Embase, Scopus, etc.). Details on the literature search are
provided in Appendix 1. Briefly, a PECO (population, exposure, comparator, outcome)
statement that outlines inclusion/exclusion criteria is developed for initial reference screening.
The title and abstract of each reference are screened by a minimum of two reviewers, and each
reference is included or excluded based on criteria outlined in the PECO statement. A separate
search was conducted specifically for human epidemiology studies as outlined in Appendix 7.
Subsequently, a full-text review of included references is conducted to ensure that the studies
are relevant for PHG development.

2.2. Study Evaluation
2.2.1. Animal Studies

The findings from studies that meet the PECO criteria are critically evaluated and the quality of
each study is assessed. OEHHA's criteria for study quality evaluation include the following:

e appropriate number of animals per dose group

e an untreated control group plus a minimum of two dose groups
e appropriate exposure duration

e relevant route of exposure

e appropriate test species

e appropriate statistical analysis

¢ biological significance of endpoints

e adequate reporting.

2.2.2. Human Studies

For epidemiology studies, several factors were evaluated when assessing study quality,
including study design, factors related to bias, exposure and outcome methods, and
confounding. Specific details for OEHHA's study quality evaluation for human epidemiology
studies are provided in Chapters 5 and 6, and in Appendix 7.

2.3. Evaluation of Health Hazards

For each major toxicity endpoint (e.g. hepatotoxicity, immunotoxicity, reproductive toxicity,
cancer, etc.), relevant studies are reviewed to identify the health hazards induced by chemical
exposure. This review considers factors such as consistency across multiple studies, exposure-
reponse relationships, biological plausibility, and relevance to human health. Furthermore,
consideration is given to the potential molecular and cellular mechanisms by which toxicity is
induced (modes of action).
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2.4. PHG Derivation

After a review of the toxicity studies of suitable quality and identification of relevant hazards, the
most sensitive endpoints from studies determined to be relevant to human health are selected,
and analyses of the dose-response relationships are performed. The adverse effect or a
physiological change that leads to an adverse effect that occurs at the lowest dose is selected
as the critical effect from which a PHG is derived.

If a chemical has been identified as a human or animal carcinogen, health-protective water
concentrations are determined for both cancer and noncancer effects and the lowest value is
selected as the PHG.

2.4.1. Deriving Health-Protective Concentrations for Noncancer Effects

Calculation of a health-protective concentration for noncancer effects involves a four-step
approach: determination of the point of departure (POD), estimation of an acceptable daily dose
(ADD), determination of the relative source contribution (RSC) and calculation of a health-
protective drinking water concentration (C).

Point of Departure (POD)

The POD is the dose of a chemical (in units of milligrams per kilogram of body weight per day,
mg/kg-day) from a study in animals or humans that is used as a starting point for calculation of
the ADD. The POD is typically determined by fitting a mathemathical model to the dose-
response data. OEHHA generally uses the publicly available Benchmark Dose Software
(BMDS) program developed and maintained by the US Environmental Protection Agency (US
EPA; https://lwww.epa.gov/bmds). BMDS fits mathematical models to the data and determines
the dose (benchmark dose or BMD) that corresponds to a pre-determined level of response
(benchmark response or BMR). The BMR is typically set at 5% above the background or the
response of the control group for dichotomous data. For continuous data, a BMR of one
standard deviation from the control mean is typically used when there are no data to indicate
what level of response is biologically significant (US EPA, 2012). In order to account for the
uncertainty of the data, the model also calculates the 95% lower confidence limit of the BMD,
called the BMDL (L stands for the lower confidence limit). For PHG development, OEHHA uses
the BMDL as the POD for the calculation of a health-protective drinking water concentration
when the data are amenable to BMD modeling. When data are not amenable to BMD
modeling, OEHHA uses the no-observed-adverse-effect level or concentration (NOAEL or
NOAECQC), or lowest-observed-adverse-effect level or concentration (LOAEL or LOAEC)
approach in identifying the POD.

Application of BMD modeling for noncancer effects mitigates some of the limitations of the
NOAEL/LOAEL approach, including:

¢ dependence on dose selection and sample size;

¢ inability to account for uncertainty and variability of experimental results due to the
characteristics of the study design;

¢ the need to use an uncertainty factor when a NOAEL cannot be determined in a study;
and

¢ inability to account for the shape of the dose-response curve.
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Acceptable Daily Dose (ADD)

The ADD is the estimated maximum average daily dose of a chemical (in mg/kg-day) that can
be consumed by a human for an entire lifetime without adverse effects. This is similar to the
term “reference dose” used by US EPA. To determine the ADD, the POD is adjusted by factors
that account for uncertainties and variabilities in the risk assessment, such as differences
between animals and humans, and differences among humans in response to a chemical
exposure. These factors are combined into a composite uncertainty factor (UF).

Uncertainty and Variability Factors (UF)

When developing health-protective levels for noncancer effects based on animal toxicity studies,
OEHHA generally applies a combined UF of 300 (OEHHA, 2008).

These UFs are:

e 10 for interspecies extrapolation, accounting for possible differences in the way
laboratory animals and humans respond to the chemical, consisting of
o 10 for toxicokinetics
o 10 for toxicodynamics
e 30 for intraspecies variability, which accounts for some human subpopulations, such
as children and the elderly, possibly being more sensitive to the chemical than the
general population, consisting of
o 10 for toxicodynamics
0 10 for toxicokinetics.

These default factors are applied unless data support an alternative value. A table of default
UFs for ADD derivation is presented in Appendix 2. Additional adjustments may be included
depending on the limitations of available data.

The ADD is calculated using the following equation:
ADD = POD =+ UF.
Relative Source Contribution (RSC)

The RSC is the proportion of exposures to a chemical attributed to tap water, as part of total
exposure from all sources (including food and air). The RSC values typically range from 20% to
80% (expressed as 0.20 to 0.80), and are determined based on available environmental
monitoring data. For certain PHGs, the RSC can be as high as 1.0 (tap water is the only source
of the chemical) when it is deemed appropriate. OEHHA uses this approach to ensure that the
PHG identifies a level of a drinking water contaminant that would pose no significant health risk
after taking into account exposures to all other sources (see Appendix 4 for details).
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Daily Water Intake Equivalent (DWI)

To calculate a PHG for a chemical, the ADD is converted to a concentration in drinking water
that accounts for the total exposure to the chemical that people receive from using tap water. It
includes intake from ingestion as well as inhalation and dermal contact with the chemical in tap
water from household uses (e.g., drinking, cooking, bathing, and showering). Inhalation
exposure can take place when the chemical volatilizes out of the water during cooking or
showering. Dermal absorption of the chemical can occur during bathing and other household
uses of tap water.

DW!1 is expressed in units of liters or liter equivalents per kilogram of body weight per day (L/kg-
day or Leg/kg-day, respectively). Liter equivalents represent the equivalent of the amount of tap
water one would have to drink to account for the exposure to a chemical in tap water through
oral, inhalation, and dermal routes. However, due to the physicochemical properties of PFOA
and PFOS, inhalation and dermal exposure through household uses of tap water are expected
to be negligible.

For oral intake rates, the PHG program uses age-specific water ingestion estimates (OEHHA,
2012) derived from a nationwide survey of food and beverage intake from approximately 20,000
people (US Department of Agriculture’s Continuing Survey of Food Intake of Individuals 1994-
1996, 1998 dataset). These age-specific intake rates, normalized to body weight and
expressed as L/kg-day, indicate that drinking water ingestion per unit body weight is higher in
infants than in adults. Previous PHGs using ingestion rates of 2 L/day for adults and 1 L/day for
a 10 kg child are being updated with these more refined estimates. While US EPA has recently
updated drinking water ingestion rates in their Exposure Factors Handbook (US EPA, 2019),
OEHHA has not adopted these new ingestion rates for reasons described in Appendix 3.

Derivation of the Health-Protective Concentration (C)

Following the determination of the ADD, the health-protective concentration (C, in milligrams per
liter, mg/L or in micrograms per liter, ug/L) in drinking water can be derived by incorporating the
DWI and RSC of the chemical:

C = (ADD x RSC) =+ DWL.
2.4.2. Deriving Health-Protective Concentrations for Cancer Effects

Calculation of a health-protective concentration for cancer effects involves a three-step
approach: determination of a POD from which a cancer potency can be determined, estimation
of an average daily dose, and calculation of a health-protective drinking water concentration (C).

Cancer Dose-Response Analyses and Cancer Potency Derivation

Standard methods for estimation of lifetime theoretical cancer risks are employed in the
development of cancer potencies based on animal studies (US EPA, 2005; OEHHA, 2009; US
EPA, 2012). The estimated cancer potency, also referred to as the cancer slope factor (CSF),
is a measure of the carcinogenic potential of a compound. It is often reported in units of
1/(mg/kg-day) or (mg/kg-day)? and is derived by fitting a linear low-dose extrapolation using US
EPA’s BMDS Multistage-Cancer model (US EPA, 2012) to the tumor incidence data from an
animal carcinogenicity bioassay.
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Method for Calculating Cancer Potency

Development of cancer potency estimates from animal bioassays includes consideration of:

e the quality, suitability, and sensitivity of the available animal bioassay studies; for
example, the thoroughness of experimental protocol, the temporal exposure pattern, the
degree to which dosing resembles the expected manner of human exposure, the
duration of the study, the purity of test material, the number and size of exposed groups,
and the extent of tumor occurrence

e the cancer sites and types from the selected experiments most appropriate for
characterizing the cancer potency; where there are multiple sites with significant tumor
findings in a selected experiment, a multisite analysis is performed to describe the
overall carcinogenic potential

¢ whether a dose-response model that assumes the absence of a carcinogenic threshold
dose should be used or whether there are compelling mechanistic data to support an
alternative approach

e interspecies scaling of animal cancer potency to human cancer potency

¢ physiologic, TK and metabolic information for possible use in extrapolating from test
animals to humans, from high to low dose, and from one exposure route to another.

Calculating Average Daily Dose

A mathematical model is fit to dose-response data from animal studies. For studies that do not
involve daily administration of a fixed mg/kg body weight amount, an average daily dose (in
units of mg/kg-day) is calculated. This is done by adjusting the administered or nominal dose,
accounting for days of dosing during the week and total dosing weeks during the experimental
period. For studies using variable doses, the weighted mean dose is calculated considering the
dosing frequency and duration of the various administered doses.

Dose-Response Model

Information on the mode of action (MOA) involved in the carcinogenesis of a chemical is
evaluated to determine whether human cancer risk should be estimated using the default
assumption of low dose linearity or otherwise. Unless there is sufficiently compelling evidence,
OEHHA uses a non-threshold approach and a linearized multistage (LMS) cancer model to
calculate the chemical’s cancer potency, expressed as the CSF. This is accomplished by using
the BMDS Multistage-Cancer model developed by US EPA (BMDS version 2.7). The model
calculates the lifetime probability of developing a tumor (p) induced by an average daily dose (d)
using the following equation:

p(d) = B + (1- B) x exp[-(qud + g2d? + ... + qd)].

The qi are parameters of the model, which are taken to be constants and are estimated from the
animal cancer bioassay data. As recommended by US EPA (2012), gi 20 for all i. For example,
with four dose groups, the Multistage-Cancer model can have a maximum of four parameters, (3,
J1, 92, and gs. When dose is expressed in units of mg/kg-day, gz is given in units of
(mg/kg-day)™. The q. parameter is, for small doses, the ratio of excess lifetime cancer risk to
the average daily dose received. The parameter B provides the basis for estimating the
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background lifetime probability of the tumor (i.e., when dose d is zero, the probability of cancer,
p, is equal to B).

The Multistage-Cancer model defines the probability of developing a tumor at a single site. For
carcinogens that induce tumors at multiple sites and/or in different cell types at the same site in
a particular species and sex, US EPA’s BMDS can be used to derive maximum likelihood
estimates (MLESs) for the parameters of the multisite carcinogenicity model by summing the
MLEs for the individual multistage models from the different sites and/or cell types. This
multisite model provides a basis for estimating the cancer potency of a chemical that causes
tumors at multiple sites.

Adjusting for Human-Animal Differences

In the absence of reliable TK information, the human cancer slope factor (CSFnuman) is estimated
by assuming the chemical dose per body weight scaled to the three-quarters power produces
the same degree of effect in different species. Under this assumption, the CSFanima is multiplied
by the ratio of human to animal body weights raised to the one-fourth power when animal
cancer potency is expressed in units of (mg/kg-day)™:

CSF(human) = CSF(animal) X (body Weight(human) - body Weight(animal))ll4

When data are available, separate oral and inhalation cancer potencies may be calculated and
they are applied to each specific exposure route. Since it is unusual to have a cancer bioassay
through dermal exposure, OEHHA generally uses the oral cancer potency for estimating cancer
risk through the dermal route. Similarly, when an inhalation cancer potency is not available, the
oral cancer potency is used to estimate cancer risk through the inhalation route. If only an
inhalation cancer potency is available, then it will be applied to all routes when determining the
PHG.

Accounting for Increased Susceptibility During Early-in-Life Exposures

When determining cancer risk, OEHHA applies age sensitivity factors (ASFs, unitless) to
account for the increased susceptibility of infants and children to carcinogens (OEHHA, 2009).
A weighting factor of 10 is applied for exposures that occur from the 3™ trimester to <2 years of
age, and a factor of 3 is applied for exposures that occur from 2 through 15 years of age.
However, analysis of recent PFOA bioassay data from the National Toxicology Program (NTP,
2020) indicates that perinatal exposure (from gestation day (GD) 6 through postnatal day (PND)
21) does not increase cancer risk, compared to later-in-life exposures, in rats (see Section 5.7.2
for details). Thus, ASFs are not applied in the calculation of cancer based health-protective
concentrations for PFOA and, due to structural and toxicological profile similarities, for PFOS as
well.

Derivation of the Health-Protective Concentration (C)

The health-protective water concentration (C) for carcinogenic effects can be calculated using
the following equation:
C =R+ (CSF x DWI)

where,

R = default risk level of one in one million, or 10
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CSF = cancer slope factor, in (mg/kg-day)*
DWI lifetime average daily water intake rate.

Water consumption rates are described in the noncancer methodology section, and the
underlying principles do not change when examining cancer endpoints.
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3. PRODUCTION, USE, AND ENVIRONMENTAL OCCURRENCE
3.1. Production and Use

PFOA and PFOS are produced by two main methods: by electrochemical fluorination (ECF) or
by telomerization (US EPA, 2016b; US EPA, 2016d). Historically, the ECF method has been
the main source for PFOA and PFOS production (Prevedouros et al., 2006; Paul et al., 2009).
In addition to the linear form of PFOA or PFOS, 20-30% of the PFOA or PFOS produced by the
ECF method are branched isomers (Paul et al., 2009; Beesoon et al., 2011). In contrast,
primarily linear isomers of PFOA and PFOS are produced in the telomerization process, and the
relative fraction of the linear isomer in the analyzed sample can be used to trace the
manufacturing origin of the compound mix in the environment or human serum (US EPA,
2016b; US EPA, 2016d).

The main use of PFOA has been as a processing aid in the manufacturing of fluoropolymers
such as polytetrafluoroethylene (PTFE) and polyvinylidene fluoride (Prevedouros et al., 2006).
PTFE was widely used as the functional component of non-stick pans, but partly as a result of
the US EPA PFOA Stewardship Program?® and Canada’s PFAS Environmental Performance
Agreement,* this and other uses of PFOA have been steadily declining in North America (Vierke
et al., 2012). As the processing aid, PFOA acts to solubilize fluoromonomers to facilitate
polymerization (Prevedouros et al., 2006). PFOA was also added to aqueous polymer
dispersions used for paints, photographic film additives and in the textile finishing industry
(OECD, 2006; Vierke et al., 2012). Additionally, PFOA and other polyfluorinated carboxylic
acids (PFCAs) are indicated in patents of various consumer products, including floor polishes,
cleaning formulations, hair care products, medical inhalers, fuel additives, air fresheners and
textile treatments (references summarized in Prevedouros et al. (2006)). In one case study,
high levels of PFOA and PFOS in the serum samples of one Canadian family were attributed to
repeated carpet treatments in their house (Beesoon et al., 2012). PFOA was used as a
component of aqueous fire-fighting foams from approximately 1965-1975, and this use has
contributed to environmental contamination near related facilities such as airports and military
bases (Prevedouros et al., 2006; Ahrens et al., 2015; Darlington et al., 2018).

PFOS has been used in the production of firefighting foams, semiconductors, hydraulic fluids
and photolithography (D'Eon and Mabury, 2011b). The major consumer product-related uses
for PFOS include water-repellant treatment for clothes, stain and dirt-resistant treatment for
carpets, and oil and grease-repellant treatments for paper and packaging (Paul et al., 2009).
PFOS-containing fire-fighting foams continue to be held in stock (OECD, 2006). Specific
industrial uses of PFOS and its salts included as a mist-suppressing agent (i.e., fume
suppressant) in the mining industry, as an antireflective agent in the photographic industry, as
photo-resistant and antireflective coatings, as an anti-erosion additive in the aviation industry,
and as a surfactant (fume suppressant) in the metal plating industry (OECD, 2006). PFOS is
found as an impurity in food packaging (Bagley et al., 2017). Both PFOA and PFOS appear to
be used in certain pesticide products (OECD, 2006; Liu et al., 2017c).

3 https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/fact-sheet-20102015-pfoa-
stewardship-program

4 https://www.canada.ca/en/environment-climate-change/services/environmental-performance-
agreements/list/perfluorocarboxylic-acids-overview.html
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PFOA and PFOS can accumulate in the environment as impurities or degradation products of
other PFAS (Prevedouros et al., 2006; Paul et al., 2009).

3.2. Environmental Occurrence and Human Exposure

PFOA and PFOS are manmade compounds and are not known to occur naturally. The
historical worldwide production of PFOA was estimated at a total of 3,600-5,700 tons from 1951-
2004, and the estimated direct global environmental emissions were 400-700 tons over the
same period (Prevedouros et al., 2006). One of the major PFOA production sites in the US was
the DuPont Washington Works plant, located in West Virginia near the Ohio border. The
historical worldwide production of PFOS was estimated at 96,000 tons from 1970-2002, and
estimated total global emissions were 6,800-45,250 tons during that time period (Paul et al.,
2009). Other reports estimated lower PFOS production and emissions (Armitage et al., 2009;
Wang et al., 2017b). The main PFOS manufacturing site in the US was at the 3M Company in
Decatur, Alabama (Wang et al., 2017b). PFOA and PFOS are resistant to degradation in the
environment (Parsons et al., 2008; Saez et al., 2008). While manufacturing and direct use of
PFOA and PFOS have declined in Western countries, these compounds have continuing
presence in the environment. China continues production of PFOA and PFOS, and yearly
environmental release from all sources was estimated at 40 tons of PFOA and 70 tons of PFOS
(Liu et al., 2017c).

The presence of PFOA and PFOS in groundwater and surface water is of major concern.
These chemicals can reach groundwater and surface waters via direct emissions of liquid waste
and leaching of contaminated sites, such as landfills and airfields. In addition, due to their
unique physicochemical properties, PFOA and PFOS can also reach groundwater from air
emissions followed by deposition from air to soil with precipitation and migration through soil to
groundwater (Davis et al., 2007). Both DuPont Washington Works and 3M Decatur plants
caused PFOA and PFOS contamination of the drinking water in the nearby communities.

Air

Due to their ionic nature, PFOA and PFOS have low volatility (US EPA, 2014). lonic PFAS such
as PFOA and PFOS have low vapor pressures and predominantly bind to particles (Abbott et
al., 2007; Haug et al., 2011b; Vierke et al., 2011). When directly introduced into the
atmosphere, particle-bound PFAS settle to the ground following rain events (Barton et al., 2007;
Davis et al., 2007). When dissolved in water, PFOA and PFOS tend to concentrate at the air-
water interface, and for this reason, aerosols formed with the action of ocean waves have much
higher PFOA levels than in the water (McMurdo et al., 2008). Aerosol transport by air currents
likely contributes to the long-range transport of PFAS, which may explain the presence of these
chemicals in the organisms in the Arctic (Martin et al., 2004a; Smithwick et al., 2006). PFOS
levels remained constant in the particle phase of the air in the Arctic in 2006-2012 (Hung et al.,
2016).

Commonly, PFAS air studies focused on precursors of PFOA and PFOS (Dreyer et al., 2009;
Cai et al., 2012a; Del Vento et al., 2012; Wang et al., 2015b). Precursor compounds FTOHs
(fluorotelomer alcohols) and FOSEs (perfluorooctane sulfonamide ethanols) play an important
role in the mechanisms of air transport of PFOA and PFOS. These substances are used as
grease-proofing agents in various consumer products such as carpets and food packaging and,
due to their volatility, are often present at higher concentrations in the air than PFOA and PFOS.
Once in an organism, FTOHs and FOSEs can break down to PFOA and PFOS, and FTOHs in

Proposed Public Health Goals for OEHHA
PFOA and PFOS in Drinking Water July 2021
26



FIRST PUBLIC REVIEW DRAFT

indoor office air significantly predicted PFOA serum concentrations in office workers (Fraser et
al., 2012). Precursors can also degrade to PFOA and PFOS in the environment due to
microbial action (Lee et al., 2010; Liu and Mejia Avendafio, 2013). Due to their neutral nature,
these precursor compounds are much more efficiently transported into the air from wastewater
and landfills (Ahrens et al., 2011, Vierke et al., 2011), and could also contribute to long-range
transport of PFOA and PFOS (Jahnke et al., 2007a; Schenker et al., 2008).

PFAS air concentrations are generally higher in urban areas compared to rural areas. PFOA
and PFOS concentrations in the gas fractions of outside air in an urban area (Albany, New
York) averaged 2.86 (range, 1.89-6.53) picograms per cubic meter (pg/m®) and 1.42 (0.94-3)
pg/m?3, respectively (Kim and Kannan, 2007). For the particle fraction of the outside air, mean
PFOA and PFOS concentrations were reported at 1.57 (range, 0.76-4.19) pg/m?® and 0.66
(range, 0.35-1.16) pg/m?3, respectively, in samples collected in 2006 (Kim and Kannan, 2007).

In two urban areas in Japan during 2000-2001, PFOS outdoor air concentrations were 0.6-5.3
pg/m? (Sasaki et al., 2003). In a different study of urban areas in Japan, with samples collected
from 2001-2003, PFOA air concentrations were 2.0-263 pg/m* and PFOS concentrations were
0.7-5.2 pg/m?® (Harada et al., 2005b). The exposure due to the high PFOA air levels (geometric
mean of 263 pg/m?3) observed in the Kyoto area were comparable with the estimated exposure
from food intake in the area. In rural areas of northwestern Europe, PFOA and PFOS
concentrations in the outdoor air were 6.4 and 0.34 pg/mg?, respectively (combined means from
available data), and for urban areas, these values were 232 and 33 pg/m?, respectively (Barber
et al., 2007; Egeghy and Lorber, 2011). In an urban area in Germany (Hamburg), PFOA and
PFOS in the outdoor air were present at <0.2-2.6 pg/m?* and 0.4-1.6 pg/m?, respectively (Jahnke
et al., 2007b).

Reports on PFOA and PFOS in indoor air are scarce. Based on the observation of twenty-fold
higher indoor levels of EtFOSA (ethylperfluorooctanesulfonamide) and MeFOSEA
(methylperfluorooctanesulfoamidethylacrylate) compared to outdoor levels (Shoeib et al., 2005),
some exposure models assumed that the indoor concentrations of PFOA and PFOS would also
be twenty-fold higher than their respective outdoor levels, pegging the estimates at about 30-50
ng/m? (Egeghy and Lorber, 2011; Lorber and Egeghy, 2011). Mean PFOA levels in the
particulate phase of indoor air in Tromso, Norway was 4.4 ng/m? (Barber et al., 2007). In a case
study of a family with very high PFAS exposure due to repeated carpet treatments, PFOA and
PFOS indoor air concentrations in the dust samples in a residence were as high as 150 and
1,100 ng/g respectively (Beesoon et al., 2012).

Soil

PFOA and PFOS can bind effectively to different types of soil and sediment, and the organic
content in the solid phase appears to be the main determinant of binding (Higgins and Luthy,
2006). High organic content in sewage sludge results in absorption of PFOA and PFOS from
wastewater (Zareitalabad et al., 2013), with negative implications for downstream sludge uses,
such as for fertilizer in agricultural settings. Based on a review of available studies for PFOA
and PFOS, Zareitalabad et al. (2013) reported average soil-adsorption coefficients (logKoc) of
2.1 log(l/kg) and 3.0 log(l/kg), respectively. In the FAO (Food and Agriculture Organization of
the United Nations) soil mobility classification scheme, these correspond to the moderately
mobile class (US EPA, 2009).

Strynar et al. (2012) analyzed sixty ‘background’ soil samples (i.e., without known PFAS
contamination sources) from around the world and noted that the US soils had generally higher
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PFAS background levels than some of the other countries. The authors hypothesized, that this
would correlate with the relatively higher PFAS serum levels in US residents (Strynar et al.,
2012). Among the reported results, PFOA was present at 1.56-31.7 ng/g in soil samples from
North Carolina, Kentucky, Texas and Indiana, and PFOS was present at 0.606-2.55 ng/g. The
levels of PFOA and PFOS in the agricultural soil in the Chicago area were greatly increased
with the addition of bio-solids, with a maximum detected PFOS level of 483 ng/g (Sepulvado et
al., 2011). The concentration of certain precursors, such as MeFOSAA (2-N-
methylperfluorooctane sulfonamidoacetic acid) was high in the applied sludge but not in the
augmented soil, indicating likely conversion to PFOS upon application (Sepulvado et al., 2011).

Global soil analysis of samples from each continent revealed PFAS accumulation in the
Northern hemisphere (Rankin et al., 2016). The highest PFOS concentrations were detected in
Europe, and the highest PFOA level occurred in one sample in Asia. Among the North
American soil samples, three were from California, which contained 11-101 pg/g PFOA and 3.2-
14.2 pg/g PFOS (Rankin et al., 2016). The soil level data of Rankin et al. (2016) were modeled
to predict the global soil load of PFOA and PFOS (Washington et al., 2019), which was about
1,000 metric tons for either compound.

Indoor dust contained very high levels of PFOA and PFOS, at 100-500 ng/g for samples from
the UK, Canada, France, Germany, Japan and US, while homes from Sweden, Norway,
Thailand and Kazakhstan demonstrated much lower levels (Kubwabo et al., 2005; Kato et al.,
2009; Goosey and Harrad, 2011; Haug et al., 2011b). Levels were also high in the dust from
cars, classrooms and offices in the UK (Goosey and Harrad, 2011). High levels were found in
the dust from the daycare centers in the US (mean values, 142 and 201 ng/g for PFOA and
PFOS, respectively) and Sweden (~40 ng/g for either) (Strynar and Lindstrom, 2008; Bjérklund
et al., 2009). Harrad et al. (2010) reviewed available data and suggested that carpeting and use
of floor wax could be contributing to the presence of PFAS in the house dust.

Water

PFOA and PFOS occur in groundwater and surface waters, and in public drinking water in the
US and around the world. PFOA and PFOS were included in US EPA'’s Third Unregulated
Contaminant Monitoring Rule (UCMR3) which extensively analyzed sources of drinking water
across the US from 2013-2015, with method reporting limits (detection limit) for PFOA and
PFOS at 20 and 40 ng/L, respectively (US EPA, 2017). Out of 4,920 public water systems
(PWS) analyzed, PFOA was detected in 117 (2.4%) and PFOS in 95 (1.9%). PFOA and PFOS
were more frequently detected in the groundwater than surface water and were strongly
correlated with the presence of major industrial sites (Hu et al., 2016). Although having tested
widely across the US, the low detection rates under UCMR3 could be due to the relatively high
detection limits of 20 ng/L for PFOA and 40 ng/L for PFOS. Several UCMR3-tested areas in
California had 20-70 ng/L PFOA and/or 40-200 ng/L PFOS in drinking water (Hu et al., 2016).

In the subset of UCMR3 results for California,® 0.83% of water samples contained PFOA or
PFOS at the level of or greater than the detection limit. The average PFOA concentration
among these samples was 28 ng/L, and the average PFOS concentration was 57 ng/L.

5 https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/PFOA PFOS, accessed
September 2020
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The results of the more recent drinking water monitoring program carried out by SWRCB are
summarized in Table 3.2.1.° This program comprised four rounds of testing in 2019-2020. Due
to lower detection limits, the detection rate was higher compared to the UCMRS3 dataset, and
the average values are lower. The program utilized US EPA Method 537.1, with lowest
concentration minimum reporting levels (LCMRLS) of 0.82 ng/L for PFOA and 2.7 ng/L for PFOS
(Shoemaker and Tettenhorst, 2018).

Table 3.2.1. PFOA/PFOS public water system testing results in California (2019-2020)

Arithmetic Arithmetic Geometric
Samples % __mean mean mean
Dates PFAS (N) detected including excluding excluding
non-detects | non-detects | non-detects
(ng/L) (ng/L) (ng/L)
04/01/19-06/30/19 | PFOA 570 40 5.71 14.4 8.71
07/01/19-09/30/19 | PFOA 653 43 5.31 12.4 8.16
10/01/19-12/31/19 | PFOA 920 33 4.79 145 9.01
01/01/20-06/30/20 | PFOA 771 38 5.27 13.9 7.89
04/01/19-06/30/19 | PFOS 570 45 115 255 14.6
07/01/19-09/30/19 | PFOS 653 47 115 245 14.0
10/01/19-12/31/19 | PFOS 920 40 10.4 26.1 13.3
01/01/20-06/30/20 | PFOS 772 42 9.7 22.8 11.8

In a different study, the median of 57 reported PFOA concentrations in US surface waters was
41 ng/L, and for PFOS (N=56), 42 ng/L (Zareitalabad et al., 2013). These values were highest
among ten nations analyzed, and for comparison, PFOA and PFOS median values for China
(N=86, 83) were 1.8 ng/L and 0.89 ng/L, respectively, while for Canada (N=74, 70) PFOA and
PFOS median values were 0.1 ng/L and 2.2 ng/L, respectively (Zareitalabad et al., 2013).
These surface water data were based on several reports (Hansen et al., 2002; Boulanger et al.,
2005; Giesy et al., 2006; Nakayama et al., 2007).

In a summary of published studies, PFOA and PFOS levels in river water (including rivers from
Europe and China) were generally within 1-10 ng/L and 0.1-10 ng/L, respectively (Zhao et al.,
2015b). Higher PFOA levels (22-260 ng/L) were observed in the Yangtze river (So et al., 2007).

Another contributor to PFOA and PFOS in surface waters is stormwater runoff. PFOA and
PFOS were detected in 100% of stormwater runoff samples in the Minneapolis, MN, area at
concentrations up to 30.6 and 155.8 ng/L, respectively (Xiao et al., 2012). These levels were

significantly higher than rainfall concentrations (8.4 and 6.7 ng/L for PFOA and PFOS,

respectively), indicating leaching of PFOA and PFOS from urban surfaces during the storm

events. In a different study conducted in New York state, PFOA and PFOS concentrations in
runoff reached 29.3 and 14.6 ng/L, respectively, and were also higher than concentrations in
rain or snow (Kim and Kannan, 2007).

The discharge from municipal wastewater treatment plants (WWTPSs) appears to be a major
contributor to increased PFOA and PFOS concentrations in surface water (Becker et al., 2008).
PFOA and PFOS in wastewater discharges are persistent despite wastewater treatment

6 hitps://www.waterboards.ca.gov/pfas/drinking_water.html, accessed September 2020, accessed

September 2020
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(Sinclair and Kannan, 2006; Schultz et al., 2006a; Becker et al., 2008). Certain wastewater
primary treatments, such as activated sludge treatment, can result in increased levels,
presumably as a result of degradation of precursor compounds such as fluorotelomer alcohols
(Sinclair and Kannan, 2006; Schultz et al., 2006b; Eriksson et al., 2017a). Oxidation and
microbial processes can also contribute to transformation of precursor compounds to PFOA and
PFOS (Houtz and Sedlak, 2012).

PFOA and PFOS are ubiquitously present throughout the world’s oceans, and their
concentrations in surface ocean water can reach several hundred pg/L (Ahrens et al., 2009;
Ahrens et al., 2010; Benskin et al., 2012; Cai et al., 2012b; Zhao et al., 2012; Gonzalez-Gaya et
al., 2014; Zhao et al., 2015b). As the result of bioaccumulation, PFOA and PFOS are present in
marine organisms, and consumption of seafood can be a major source of PFAS in humans.

Biota and Food

PFOA and PFOS have been described as proteinophilic compounds (Kelly et al., 2009; Xia et
al., 2013), and as a result they readily distribute into living organisms. PFAS did not significantly
correlate with several classes of lipophilic compounds such as PCBs (polychlorinated
biphenyls), DDTs (dichlorodiphenyltrichloroethanes) and PBDEs (polybrominated diphenyl
ethers) in a bioaccumulation study in fish and birds in the Barents Sea food web, consistent with
the distinct physicochemical properties of PFAS (Haukas et al., 2007).

The marine environments in the industrialized parts of the world, e.g., the Baltic Sea, are of
particular concern for PFOA and PFOS pollution, as high levels were found in fish, birds and
marine mammals (Kratzer et al., 2011; Gebbink et al., 2016; de Wit et al., 2020). Gebbink et al.
(2016) reported dramatic trophic magnification of PFOS in the food chain, but PFOA levels were
fairly similar in the living organisms in the ecosystem. This study also reported enrichment of
the linear PFOS isomer up the food chain, with approximately 90% of total PFOS in the top
organisms (Gebbink et al., 2016). Accordingly, fish and seafood are among the top contributors
to PFOA and PFOS in the diet (Haug et al., 2010; Noorlander et al., 2011).

Trophic magnification of PFOA and PFOS and selective enrichment of linear PFOS (n-PFOS)
were also found in the food web of Taihu Lake, China (Fang et al., 2014). In this study, n-PFOS
concentrations in fish were 10-90 ng/g. High biomagnification of PFOS was also observed in
the eastern Arctic food webs (Tomy et al., 2004; Haukas et al., 2007). In this ecosystem, PFOA
did not appear to be subject to trophic magnification (Tomy et al., 2004). Martin et al. (2004b)
observed trophic magnification of PFOS in the Lake Ontario food chain but suggested that
conversion of PFOS precursors to PFOS could contribute more to trophic magnification than
PFOS bioaccumulation, at least in this particular ecosystem.

Metabolic conversion from precursor compounds can be a major source of PFAS exposure in
marine organisms (Gebbink et al., 2016). Pilot whales, as well as crustaceans, lack the enzyme
necessary for conversion of PFOSA (perfulorooctane sulfonamide) to PFOS, and contained
much higher levels of PFOSA than PFOS in a study in the North Atlantic (Dassuncao et al.,
2017). Moreover, PFOSA levels in whale muscle demonstrated a sharp decline from 2001
onward, whereas PFOS levels in whale muscle were increasing. Based on these observations
and exposure models, this study concluded that high PFOS levels in most marine organisms, as
well as recent declines of PFOS in marine organisms other than whales could be primarily
driven by exposure to PFOS precursor(s) (Dassuncao et al., 2017). Due to the efficient and
reversible retention by soil, PFOA and PFOS are readily taken up by plants and are subject to
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further bioaccumulation in livestock (Ghisi et al., 2019). Stahl et al. (2009) observed a
statistically significant concentration-dependent carryover of PFOA and PFOS from spiked soll
(0.25-50 mg/kg) to maize, oats, wheat and potatoes. In this study, PFOA levels in foodstuffs
exceeded the background levels at 0.25 mg/kg spiked concentration in soil (lowest studied),
while PFOS in plants exceeded background levels at 1 mg/kg. PFOA and PFOS were also
detected in lettuce, tomatoes, carrots, peas, celery and radishes (Blaine et al., 2013; Blaine et
al., 2014; Bizkarguenaga et al., 2016). Cereals and cereal products were the main source of
PFOA in the Norwegian diet, followed by meat and dairy, and with much smaller contribution
from fruits and vegetables among other food groups (Haug et al., 2010). In a different study,
PFOA contribution from vegetables (18 pg/kg-day) was comparable to that of meat products (22
pg/kg-day) (Gebbink et al., 2015b).

Animals appear to bioaccumulate PFOA and PFOS, as discussed in more detail in Chapter 4 of
this document. As a result of feed and drinking water contamination, meat, eggs and dairy
contain high levels of PFAS. Generally, animal products (meat, eggs, fish and dairy) tend to
dominate dietary intake of PFOS, while for PFOA, cereals and vegetables have a comparable
contribution (Tittlemier et al., 2007; Haug et al., 2010; Noorlander et al., 2011; Vestergren et al.,
2012; Gebbink et al., 2015b). Although food packaging materials and non-stick cookware
contain PFAS, it is unclear whether they significantly contribute to PFOA and PFOS intake with
food (Jogsten et al., 2009).

The dietary studies discussed in this section were not specific to California or US diet, and the
contribution of diet to overall exposure for California residents is further discussed in Appendix 4
of this document.

Human Exposure

Humans are exposed to PFOA and PFOS through diet, drinking water, ingestion of dust,
inhalation of indoor and outdoor air, and through metabolic conversion of PFAS precursors,
such as FOSEs and FTOHs. Appendix 5, Table A5.1 summarizes exposure studies that
analyzed different routes of exposure (Egeghy and Lorber, 2011; Haug et al., 2011a; Lorber and
Egeghy, 2011). The major exposure contribution in adults is food (71-87%), followed by
drinking water (7.5-23%). The contribution of PFOA in ingested dust is also significant in adults
(14.7-19.8%), whereas that of PFOS is smaller (1.6-5.5%). The biggest difference in infants
and young children compared to adults is larger contribution from ingested dust, attributed to
increased floor level playing activity and hand to mouth transfer. These exposure assessments
did not consider indirect exposure resulting from exposure to PFOA and PFOS precursors in the
environment, and the subsequent conversion to PFOA and PFOS in the organism. The
contribution from precursor compounds to the overall PFOA and PFOS exposure is generally
thought to be low (<10%) based on exposure assessments that estimate the 50" percentiles of
exposures from different routes (Vestergren et al., 2008; Gebbink et al., 2015a; Gebbink et al.,
2015b). However, in the high-exposure scenario, based on the 95" percentile of exposure via
all routes, conversion from precursors was estimated to contribute up to 55% and 80% of overall
exposure to PFOA and PFOS, respectively (Vestergren et al., 2008). Based on the study of
temporal trends of PFOA, PFOS and precursors in diet, consumer products and human serum,
it was suggested that precursor compounds may significantly contribute to the overall PFOA
exposure in the Norwegian population (D'Eon and Mabury, 2011b).

Additional exposure studies found comparable values to those presented in Appendix 5, Table
A5.1 (Noorlander et al., 2011; Vestergren et al., 2012; Gebbink et al., 2015a; Balk et al., 2019).
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However, some studies predicted higher background exposure to PFOA and PFOS (Trudel et
al., 2008; Fromme et al., 2009; Karrman et al., 2009). For example, Trudel et al. (2008)
estimated PFOA exposure levels for an intermediate exposure scenario for infants, children and
adults at 9.8, 7.6 and 2.5 ng/kg-day, respectively. For PFOS, exposure levels for an
intermediate exposure scenario for infants, children and adults were at 54.6, 22.1 and 15.3
ng/kg-day, respectively. These values, particularly for PFOS, are higher compared to the
studies in Table A5.1 in Appendix 5. While different exposure routes were analyzed, individual
contributions to overall exposure were not specified in Trudel et al. (2008).

Occupational PFOA exposure can be much higher, e.g., 158 ng/kg-day for male adults in one
estimate, and driven by inhalation (Vestergren and Cousins, 2009). In the general population,
air pollution can provide an exposure contribution equal to that of diet (Harada et al., 2005b).

Contaminated drinking water can also become the main source of exposure. Vestergren and
Cousins (2009) estimated that at 519 ng/L or higher, the contribution of drinking water to the
overall PFOA exposure would be greater than 75%. The cutoff of 519 ng/L was from reported
PFOA drinking water concentrations in Arnsberg, Germany (Holzer et al., 2008). These
exposure conditions were also met in exposure studies in Little Hocking and Lubeck (US),
where the PFOA concentration in drinking water was 3,550 and 500 ng/L, respectively, and with
PFOS exposure studies in Ronneby, Sweden, where the PFOS concentration in drinking water
was 8,000 ng/L (Thompson et al., 2010; Li et al., 2018c). The PFOA exposure from drinking
water in the Veneto region of Italy was close, with a median of 319 ng/L (Pitter et al., 2020).

Biomonitoring

Due to their ubiquitous presence in the environment, PFOA and PFOS have been detected in
close to 100% of human serum samples. The available publications reporting PFOA and PFOS
serum levels are too numerous to provide a comprehensive review. Inthe US, the National
Health and Nutrition Examination Survey (NHANES) compiles the data for PFAS levels,
including PFOA and PFOS, in serum for the general population. Data from this survey are
available independently and in published reports (Calafat et al., 2007a; Calafat et al., 2007b;
Kato et al., 2011; Jain, 2018). In 2013-2014, the weighted average PFOA serum concentration
was 2.0 ng/ml, and for PFOS the weighted average serum concentration was 4.1 ng/ml (Jain,
2018). Mirroring PFOA and PFOS trends in manufacturing and uses serum concentrations
increased through the 90s and then declined. The published studies on the time trends of
PFOA and PFOS serum levels are summarized in Appendix 5, Table A5.2. While decreases in
serum concentrations were observed in all studies from the US, Western Europe and Japan
over 2000-2015, one study from South Korea (Seo et al., 2018) did not find a clear trend within
the 2006-2015 period. Time trend studies from other countries and parts of the world are
lacking, and it is possible that the decrease in PFOA and PFOS serum concentration observed
over the last decade would be specific to industrial countries, where use and environmental
pollution has been decreasing.

Several studies analyzed PFOA and PFOS serum levels in California residents, they are
summarized in Table 3.2.2. These include studies conducted by the Biomonitoring California’
program as well as other published studies of Californians. Generally, the PFOA and PFOS
serum levels are consistent with NHANES data. Studies reporting time trends in the PFOA and

7 https://dev.biomonitoring.ca.qov/
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PFOS serum concentrations in California also found decreases from earlier peaks (Wang et al.,
2011; Olsen et al., 2012; Kim et al., 2020).

Table 3.2.2. PFOA and PFOS biomonitoring studies in California

Study Area Participants | PFAS Year-Cserum(ng/ml)?2 Reference
CHDS" Northern Pregnant PFOA | Arithmetic means Wang et al.
California women, 1960s°¢: 0.30 (2011)
archived 1980s: 3.17
samples 2009: 2.21
(N=105) PFOS | Arithmetic means
1960s°: 45.90
1980s: 30.60
2009: 9.44
CHARGEP | Northern Women PFOAY | 2009: 1.66; 2010: 1.37 Kim et al.
California (mothers) 2011: 1.26; 2012:1.14 (2020)
(N=450) 2013:1.02; 2014:0.94
2015: 0.80; 2016: 0.68
PFOSY | 2009: 4.86; 2010: 4.1
2011: 3.78; 2012: 3.42
2013:3.02; 2014:2.8
2015: 2.42; 2016: 2.12
Red Los Adult plasma | PFOA? | 2000/01: 4.0 Olsen et al.
Cross Angeles donors 2006: 2.7 (2012)
plasma (N=100) 2010: 1.9
samples® PFOSY | 2000/01: 35.0
2006: 14.3
2010: 7.7
MIEEP San Pregnant PFOA | 2010-2011: 0.47 (95" pctl: 2.14) | Website,®
Francisco women Morello-Frosch
(N=49-77) PFOS | 2010-2011: 2.55 (95" pctl: 7.25) et al. (2016)
FOX California Firefighters PFOA | 2010-2011: 3.75 (95" pctl: 9.54) | Website,®
(N=101) PFOS | 2010-2011: 12.5 (95" pctl: 24.7) (Dz%ggca etal.
CTS California Female PFOA | 2011-ongoing: 2.46 (95" pctl: Website,©
teachers 6.22) Hurley et al.
(N=1,257- 2011-2015: 2.996 (mean) (2018)
1,759) PFOS | 2011-ongoing: 6.80 (95" pctl: Website,®
19.5) Hurley et al.
2011-2015: 8.539 (mean) (2018)
Subset of PFOA | 2011-2013: 2.45 (1,263 subjects | Hurley et al.
CTS with non-detectable PFOA® in (2016)
subjects with drinking water); 3.47 (70 subjects
identifiable with detectable levels of PFOA in
source of drinking water)
drinking PFOS | 2011-2013: 6.76 (1,240 subjects
water with non-detectable PFOS® in
(N=1,333) drinking water); 8.51 (93 subjects
with detectable PFOS in drinking
water)
BEST-1 Central Adults PFOA | 2011-2012: 1.97 Website®
Valley (N=110) (95" pctl: 4.7)
PFOS | 2011-2012: 7.00
(95" pctl: 25.8)
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Study Area Participants | PFAS Year-Cserum(ng/ml)2 Reference

BEST-2 Central Adults PFOA | 2013: 1.49 (95" pctl: 4.57) Website®
Valley (N=337) PFOS | 2013: 5.21 (95" pctl: 17.6)

MAMAS California Pregnant PFOA | 2012-2015: 1.24 (95" pctl: 2.81) | Website®

women N . th .
(N=200) PFOS | 2012-2015: 4.2 (95" pctl: 12.3)

ACE 1 San Chinese PFOA | 2016: 1.41 (90" pctl: 2.85) Website®
Francisco adults - 0 -
Bay Area (N=96) PFOS | 2016: 6.51 (90™ pctl: 19.3)

ACE 2 San Vietnamese | PFOA | 2017: 1.69 (90™ pctl: 3.06) Website®
Francisco adults - 0 -
Bay Area (N=99) PFOS | 2017: 7.47 (90™ pctl: 22.9)

CARE-LA | Los Adults PFOA | 2018: 1.04 (95" pctl: 3.06) Website®
Angeles (N=425) - 0 -
county PFOS | 2018: 2.13 (95™ pctl: 8.33)

CARE-2 Riverside, | Adults PFOA | 2019: 0.98 (95" pctl: 2.70) Website®
San (N=358)
Bernardino, | Adults PFOS | 2019: 2.40 (95" pctl: 8.72)
Imperial, (N=357)
Mono, and
Inyo
counties

ACE, Asian/Pacific Islander community exposures; BEST, biomonitoring exposures study; CARE-LA,
California regional exposure study, Los Angeles county; CHARGE, childhood autism risk from genetics
and environment study; CARE-2, California Regional Exposure Study, Region 2; CHDS, child health and
development studies; CTS, California teachers study; FOX, firefighter occupational exposures project;
MAMAS, measuring analytes in maternal archived samples; MIEEP, maternal and infant environmental
exposure project

aGeometric mean if not indicated otherwise; pctl, percentile

® CHDS (except 2009 data), CHARGE and Olsen et al. (2012) studies were not part of the Biomonitoring
California program

¢ Non-detects were as assigned a value of LOD (limit of detection)/v/2 for each analyte

¢ Graphical data were quantified using GetData Graph Digitizer software (version 2.26)

€ https://biomonitoring.ca.gov/, last accessed May 2021
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4. TOXICOKINETICS

PFOA and PFOS strongly bioaccumulate in humans and, to a much lesser degree, in animals.
For such compounds, dose-response analysis is usually based on an internal dose metric such
as serum concentrations, and the results are converted to applied doses using toxicokinetic
(TK) approaches. All available human toxicity studies report serum concentrations for PFOA or
PFOS, necessitating an adequate TK approach to convert human dose-response data to an oral
dose, which serves as the basis for the PHG. Similarly, animal studies that report applied doses

would require conversion to serum concentrations prior to dose-response analysis, and those
that report serum levels would require conversion to human equivalent doses in deriving an
acceptable daily dose. This chapter summarizes available TK information for these compounds
in humans and animals (Sections 4.1-4.5), considers available physiologically-based
pharmacokinetic models (Section 4.6) and analyzes in more detail the estimation of serum
clearance for these compounds (Sections 4.7-4.9). As will be explained in the text, applying a
clearance factor is a relatively simple method to convert serum concentrations to applied doses,
and has been used in this capacity by US EPA for its PFOA and PFOS assessments (US EP